
877104

File: 541.460.00 k
M.D.

THE MEMPHIS DEPOT
TENNESSEE

ADMINISTRATIVE RECORD
C OVER SHEET

AR File Number g q
Th(f ~ fnnf z-



8771 4 05
APPENDIX B SOP No. CO'RP-GC-000OINC

Revision No: 5.7
ANALYSIS OF ORGANOCHLORINE PESTICIDES Revision Date: 10/01/03
BASED ON METHOD O8l81A PageB I ofBI12

I. SCOPE AND APPLICATION

This SOP Appendix describes procedures to be used when SW-846 Method SOSI1A is appl ied to the analysis
of organochlorine pesticides by OC/ECD. This Appendix may also to be applied when discontinued SW-846
Method 8080A is requested, and is applicable to extracts derived from any matrix which are prepared
according to the appropriate STL North Canton sample extraction SOPs. (CORP-OP-OOOINC)

Table B- I lists compounds, which are routinely determined by this method, and gives the Reporting Limits
(RL) for each matrix. RLs given are based on the low level standard and the sample preparation
concentration factors. Matrix interferences may result in higher RLs than those listed.

At client request, this method may also be used for the analysis of PCBs (Arochlors) in combination with
pesticides, although these are normally analyzed following method 8082, as described in Appendix C of this
SOP. In any event, if samples for PCB analysis do not need the acid clean tip procedure, then the same
injection may be used for method 8081 R and 8082, assuming all calibration and QC requirements for both
methods are met. Extracts that have been acid cleaned may not be analyzed for pesticides, since several of
the pesticides will be degraded.

1. 1. The assoc iated LI MS method code is QJ (SOSI1A).

2 . SUMMARY OFNIET1 101)

This method piesents coodihions fot the analysis of prepared extracts of organochlorine pesticides. The
pesticides are injected onto the columrn and separated and detected by electron capture detection.
Quantitadion may be by internal or external standard methods.

3. DEFlNl'lIlNS

Refer to (lie STL North Canton Laboratory Quality Manual (LQM), current version, for definitions of terms
used iii this document.

4. WINTERFERENCES

4.1. Refer to [lhe method X000B section of ihis SOP for information regarding chromatographic interferences.

4.2. Interferences in [ihe GC analysis arise from many Compounds amenable to gas chromatography that give
at Measurable response on the electron capture detector. Phithalate esters, which are common
plasticizers, can pose a major problem in the determinations. Avoiding contact with any plastic
materials minimizes interferences from phithalates.

4.3. Sitlfur will inter fere and can be removed using proccdures described in SOP CORP-OP-000I NC.

4.4. Interferences co-extracted from samples will vary considerably from source to source. The presence of
interferences may raise quantitation limits for individual samples. Specific cleanups may be performed
on the sample extracts, including florisil cleanup (Method 3620), Gel Periwation Chromatography
(Method 3640), and Sulfur cleanup (Method 3660). These cleanup procedures are included in SOP f
CORP-OP-000 I NC. Using hexane / acetone as the extraction solvent (rather than hexane / nmethylene
chloride) will reduce (he amount of interferences extracted.

5. SAFETY

S. 1. Refer to section 5 of the Method 8000B SOP for general safety requirements.
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5.2. Aroclors have been classified as a potential carcinogen under OSHA. Concentrated solutions of

Aroclors must be handled with extreme care to avoid excess exposure. Contaminated gloves and

clothing must be removed immediately. Contaminated skin surfaces must be washed thoroughly.

5 3 The following parameters covered by this method have been tentatively classified as known or

suspected, human or mammalian carcinogens 4,4'-DDT, 4,4'-DDD, and the B3HCs. Primary standards

of these toxic compounds should be prepared in a hood.

5.4. Al 163Ni sources shall be leak tested every six months, or in accordance with the manufacturer's general

radioactive material license.

5.5. All1 6'Ni sources shall be inventoried every six months. If a detector is missing, the Director, EH&S shall

be immediately notified and a letter sent to the NRC or local state agency.

6. EQUIPMENT AND SUPPLIES

6.1. Refer to Section 6 of the 8000B section of this SOP. A 63Ni electron capture detector is required.

6.2. Refer to Table B-2 for analytical columns

6.3. Microsyringes, various sizes, for standards preparation, sample injection, and extract dilution.

7. REAGENTS AND STANDARDS

7.1 Refer to the method 8000B section of this SOP for general requirements for reagents and supplies.

7 2. Refer to Table B-3 for details of calibration standards.

7 3. Surrogate Standards

Tetrachloro-mi-xylene and decachlorobiphenyl are the surrogate standards. Refer to tables B-S and B-6

for details of surrogate standards

7.4. Column Degradation Evaluation Mix

A mid-level standard containing 4,4'-DDT and Endrin and not containing any of their breakdown

products must be prepared for evaluation of degradation of these compounds by the GC column and

injection port. This mix must be replaced after one year, or whenever corrective action to columns fails

to eliminate the breakdown of the compounds, whichever is shorter. This solution also contains the

surrogates. Refer to Table B-4 for details of the column degradation evaluation mix.

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

Refer to Section 8 of the 800083 section of this SOP

9. QUALITY CONTROL

Refer to Section 9 of the 800083 section of this SOP

10. CALIBRATION AND STANDARDIZATION

10.1. Refer to Section I10 of the SOOOB section of this SOP for gener a] calibration requirements.
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10.2. Refer to Table B-2 for details ofOGC operating conditions. The conditions listed should result in
resolution of all analytes listed in Table B- I on both columns. Closely eluting pairs are DDE and
Dieldrin on the Rtx-5 or DB-5 column and Endosulfan II and DDD on the 1701 column.

10.3. Column Degradation Evaluation

Before any calibration runs, either initial or 12 hour, The column evaluation mix must be injected before
each initial or daily calibration. Thecdegradation of DDT and endrin must be calculated (see equations 9
and 10) and each shiown to beless than 15% before calibration can proceed. This is only necessary if
the target compound list includes DDT, Endrin, or any of their degradation products.

If the breakdown of DDT and/or endrin exceeds the limits given above, corrective action must be taken.
This action nay include:

* Replacement of the injection port liner or the glass wool.

• Cutting off a portion of the injection end of a capillary column.

* Replacing the GC column.

10.4, Initial Calibration

Refert to Section I10 of the 8000B section of this SOP for details of calibration procedures.

10.4.1. Refer to Table B-7 for the initial calibration analytical sequence.

10.4.2. The response for each single-peak analyte will be calculated by the procedures described in the
general method for GC analysis.

10.4.3 The surrogate calibration curve is calculated from the Individual AB mix. Surrogates in the other
cafibr ation staLn da ids aire used onlIy as reteni ion Ii in c mart Ikers. If th ere are resolt IItIOnL problIemis, then
the A and 13 Irixes may be analyzed separately.

10.4.4. For muilti-comiponentl pesticides:

Single point calibration IS used for m n0tfi-COrn1 poncnt pesticides (typically toxaphene and technical
ch lordanic). Two opt ions are possible; the same q han ti tation opti'on must be used for standards
and samples. Refe to section 12.3 f5or guidance on which option to use.

10.4.5. For mutih-comnponent analytes, the mid level standard must be analyzed as part of the initial
calibration. This single point cat brat ion is used to quantitate mu It i-component ana lytes.

10.4.6. The analyst may incl tde a flitll 5 point calibrat ion for any of the inul ti-comnponent ana lytes with the
initial calibraition.

I 0.5. 12 hour -Calibration Verification

The 12 hour calibration verification sequence must be analyzed within 12 hours of the start of the initial
calibration and] at least once every 12 hours thereafter if samples are being analyzed. Ifimore than 12
hours have elapsed since the injection of the last sample in the analytical sequence, a new analytical
sequence mu~st he started with aI 1 2 hour calibration. A mid level calibration standard is used for the 1 2
hour calibration. Refer to the 8000B section of this SOP for acceptance criteria.

1 0.5.1. At a mninimumn, the 1 2 hour calibration includes analysis of the breakdown mix followed by mid level
standards of any single andi multi-component analytes.

10.5.2 The retenation timie windows for any an a lytes Included in the 1 2 hour calibration are updated.
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10.6. Continuing Calibration

The AB calibration mix is analyzed as the continuing calibration standard. At a minimum, this is
analyzed after every 20 samples, including matrix spikes, LCS, and method blanks. If 12 hours elapse

analyze the 12 hour standard sequence instead. The continuing calibration standard need not include
multi-component analytes. If instrument drift is expected due to sample matrix or other factors, it may be

advisable to analyze the continuing calibration standard more frequently.

10.6.1. A mid level calibration standard is used for the continuing calibration.

11. PROCEDURE

11.1. Refer to the method 80008 section of this SOP for general procedural requirements.

11.2. Extraction

The extraction procedure is described in SOP No. CORP-OP-OOO INC.

11.3. Cleanup

Cleanup procedures are described in SOP No. CORP-OP-0001INC.

I1I.4 Suggested gas chromatographie conditions are given in Table B-2.

11.5. Allow extracts to warm to ambient temperature before injection.

I L.6. The Suggested analytical sequence is given in Table B-7.

12. DAI'A ANALYSIS AND CALCULATIONS

12 I Refer to the 80008 section of this SOP for identification and quantitation of single component analytes.

l2.2. Identification of Multi-component Analytes

Retention time windows are also used for identification of multi-component analytes, but the

"fingerprint" produced by major peaks of those compounds in the standard is used in tandem with the

retention times to identify the compounds. The ratios of the areas of the major peaks are also taken into

consideration. Identification of these compounds may be made even if the retention times of the peaks
in the sample fall outside of the retention time windows of the standard, if in the analyst'sjudgment the

fingerprint (retention time and peak ratios) resembles the standard chromatogram.

12.3. Quantitation of Multi-component Analytes

Use 3-I10 major peaks or total area for quantitation as described in section 10.4.4, initial calibration of

nmlti-component analytes.

12.3. 1 Iffthere are no interfering peaks within the envelope of the multi-component analyte, the total area

of the standards and samples may be used for quantitation. Any surrogate or extraneous peaks
wvithin the envelope must be subtracted from the total area.

12.3 1.1 Multiple peak option

This option is particularly valuable if toxaphene is identified but interferences make quantitation based on

total area difficult, Select 3-I1 0 major peaks in the analyte pattern Calculate the response using the total area

or total height of these peaks Alternatively, find the response of each of the 3-b1 peaks per multi-peak

pesticide, and use these responses independently, averaging the resultant concentrations found in samples
for a final concentration result. When using this option, it is appropriate to remove peaks that appear to be
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cocluting with contaminant peaks from the quantitation. (i.e. peaks which are significantly larger than would
be expected from the rest of the pattern.)

Chiordane may be quantitated either using the multiple peak option (12.3. 1. 1) total areanoption (I12.3.1 2 ) or
by quantitation of the major components, a-chlordane, y-chlordane and heptachlor.

12.3.1.2. Total area option

The total area of the standards and samples may be used for qUantitation of multi-component analytes. Any
surrogate or extraneous peaks within the envelope must be subtracted from the total area. This option
should not be used if there are significant interference peaks within the multi-component pattern in the
samples. The retention time window for total area measurement must contain at least 90% of the area of the
anal yte.

12.4. Second columin confirmation miulti-comnponent analytes will only be performed when requested by the
client, because the appearance of the Multiple peaks in the sample usually serves as a confirmation of
analyte presence.

12.5. Surrogate recovery results are calculated and reported for decachlorobiphenyl (DCB) and tetrachloro-
mn-xylene (TCMX). Corrective action is only necessary if DCB and TCMX are both outside of
acceptance limits.

12.6. Calculation of Column Degradation/% Breakdown (0AB)

EqUoti(17 9

DDTJB Amm ± AMI XlOO

Aow I Aw,,,; + AD,,-

wheic:
A,,,,,,, A1,,),,~,and iA,,,,-=the responiseof the peaks for 4,4'-DDD, 4,4'-DDE,anid 4,4'-
l)DT in the column degradation evaluation mix.

Equation JO

Enchrin %B = Artg + AEA '100
ArK+ A rA ±AE

where
A,,AandA,= the responsecof endrin ketone, endrin aldehiyde,anld endrin in the
column degradation evaluation mix.

13. METIOI) PERFORMANCE

13.1. Performance limits for the four replicate initial demonstration of capability required under Section 13.1 of
the main body of this SOP. Example performance limits are listed in Table 13-8. The spiking level should
be equivalent to a mid level eal ibratfion.

14. POLLUTION PREVENTION

Refer to section 14 of the 80008 section of this SOP.
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15. WASTE MANAGEMENT

15.1. Waste generated in this procedure will be segregated and disposed according to the facility hazardous

waste procedures. The Environmental Health and Safety Director should be contacted if additional
information is required.

16. REFERENCES

16 1. SW846, Update III, December 1996, Method 8081 A

17. MISCELLANEOUS

17.1. Modifications from Reference Method

None

17.2 Modifications from Previous Revisions

17.2.1. No revisions were made to this appendix.
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17.3. Tables

Table B-I
Standard Analyte list and Reporting Limits

Compound j water ~~~~~~~~~Reporting Limit, atg/L or 1tg/kg wat
Compound water~~~________________ soilwat

Aldrin 0 05 1.7 50
cx-131 IC 0.05 1.7 50
fi-BHC 0.05 1.7 50
8-BI IC 0.05 1.7 50
y-BHC (Lindane) 0.05 1.7 50
ac-Chlordane 0.05 1.7 50
y-Chlordanic 0.05 1.7 50
Chlordane (technical) 0.5 17 500
4,4'-DDD 0.05 1.7 50
4,4'-DDE 0.05 L.7 50
4,4'-DI)T 0.05 1.7 50
Dicldrin 0.05 1.7 50
Endosulfian I 0.05 1.7 50
Endlosul fan II 0.05 1.7 50
Endosulffan SUlfite 0,05 1.7 50
Endrin 0.05 1 7 50
Endrin Aldehyde 0.05 1.7 50
Hleptachblot 0,05 1.7 50
I leptachlor Epoxide 0.05 1.7 50
M ethoxych lot 0.1 3 3 100
Toxaphenec 2.0 67 2000
APPENDIX IX ADD ONs
Diallate 1.0 33 1000
Isodrin 0.1 3.3 00
Chlorobenzilatc 0.1 3.3 1000
Kepone, 1.0 33 1000
Kepone is sometimes requested for analysis by mrethiod 808 I A. However kepone may produce peaks with broad

tai Is that1 eILiit later than the standard by uip to a mminut (presumably due to hemi-acetal formation). As a result
kepone analysis by 8081 A is Unreliable and not recommended. Analysis by method 8270C is a possible alternative.
Note: alpha ch lordane, gainma ch lordane, a nd endran ketone are not requ ired for some projects.

The following concentration factors are aissumied in calculating the Reporting Limits:
Extraction Vol Final Vol

Ground water 1000 nmE 101111
Low-level Soil 30 g 10 nl-
H igh-level soil / waste I g I0 mrL
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_________________________Table B-2

Parameter JRecommended Conditions

Injection port temnp20C
Detector temnp32C
Temperature program 1200C for I min, S 50C/min to 2850C, . 6 min hold
Column I Rtx-CLPesticides 3Gma x 0.32mmar id, 0.5pm

Column 2 Rtw35 30m x 0.32 rnm id, 0.5gmn
Column 3 DB-608, 30m X 0.32 mm, 0.25 mn
Injection 2L

Carrier gas Helium or Hydrogen
Make up gas Nitrogen
Y splIitter Restek or J&W or Supelco glass tee
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Table B-3
Calibratio~n Levels nig/mL

Level I Level Level 3 Level 4 Level 5 Level 62
Individual Mix All'
Aldrin 5 10 25 50 100 200
g-BHC (Lindane) 5 10 25 50 100 200
H-eplachlor 5 10 25 50 100 200
Methoxychlor 10 20 50 100 200 400
Dieldrin 5 10 25 50 too 200
Enndosulfan I 5 10 25 50 100 200
Endosulfan 11 5 -10 25 50 100 200
4,4'-DDT 5 10 25 50 100 200
Endrin Aldehyde 5 10 25 50 100 200
Endrin Ketone 5 10 25 50 100 200
13-BI3IC 5 1 0 25 50 too 200
8-BI-IC 5 1 0 25 50 100 200
a-BIIC 5 10 25 50 too 200
4,4-DI)D 5 10 25 50 t00 200
4A4'-[DDE 5 10 25 50 100 200
Endosullfan Sulfaite 5 10 25 50 100 200
Endrin 5 10 25 50 100 200
ct-Chlorcdane 5 10 25 50 100 200
y-Chilorclane 5 10 25 50 100 200
Multi-comptonent Standards
Chlordane (Technical) [250'
ToxapThenc [ I 000
SUrrogates are ineluded withial thle calibration imixes at the following levelIs:

Tetrachloro-it-xylene 5 10 25 50 100 200
Decachlorobiphlenyl 5 [I1 25 50 100 200

Standards may be split into an A and B mnix if resolution of all compounds on both columns is not obtained.
2 Level 6 is optional and should only be used iflinearity can be maintained on the instrument to this level.

Compounds may be used in lieu of [tinning a dfairly technical Chlordane standard for samples that are non-detect for
technical Ch lordane.

This standard may be used for quantitation of technical chlordane between 50 and 1000 ng/mL. If the ehlordhane is
more concentrated, the extract must be diluted and reanalyzed.

This standard may be used for qUantiltatton of toxaphene between 200 and 4000 ng/rnL. If the toxaphene is more
concentrated, the extract must be diluted and reanalyzed.
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Table 8-4
Column Degradation Evaluation Mix nglmL

Component Concentration

4,4'-DDT 25

Endrin 25
Tetrachloro-m-xylcne (Surrogate) 20
Decachlorobiphenyl (Surrogate) 20

Table B-5
LCS/Matrix Spike and Surro ate Spike levels pg/L or pg/k

_____ ____ _____ ____ _____ ____ _____ ____ ____ A queous Soil W aste

gamma BI3IC (Lindane) 0.20 33.3 200

Aldrin 0.20 33.3 200

Heptachlor 0.20 33 3 200

Dielnn 0.50 33.3 500

Enduin 0.50 33.3 500

4,4'DDT 0.50 33.3 500

Tctrachloro-m-xylene (Surrogate) 0.20 33.3 200

Decachiorobiphenyl (Surrogate) 0.20 333200

Table B-6

LCS/Matrix Spike and Surrogate Spike levels for TCLP g.tg/L or rig/kg ______

____ ___ ____ ___ ____ ___ ___ ____ ___ ____ ___ ___ A queous W aste

Heptachlor 5 500

H-eptachlor epoxide 5 500

Lindanc 5 500

Endrin 5 500

Methoxychlor 10 I1000 J
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Table B-7
Suggested Analytical Sequence

Initial Calibration
Solvent blank (optional)
Breakdown Mix
Individual mix AS All levels
Technical Chlordane Level 3'
Toxaphene Level3'
Up to 20 samples unless 12 hours comes first)
Solvent blank (optional)
Individual mix AB Mid level (Continuing calibration)
Samples
After 12 hours
Breakdown mix
Individual mix AS
Any other single component analytes

Any multi-component analytes

A five point curve for any of the mnulti-component analytes may be included
If Arochlors arc included, a 5 point calibration for Arochlor 101 6/1260 should be included with the initalI
caIi bratfion and a single point for the other A rochilors. The mid point 10 16/1260 mix is included with the daily
calibration (every 12 hours).

Note: A solvent blank or primeri may be analyzed atany time dur ing the sequence when highly contaminated samples
are expected. A solvenitblaink or primier mazynot be analyzed as rout inc in mmcdiatel yprior tostandairds.

12 hour Calibration

At least every 12 hours, counting from the start of thie initial cali bration, or from the start of thle last daily cal ibrat ion,
the retention time windows nitst be updated using the Indliv~idal mix AB, and thle breakdown mix must be run before
the continuing calibration
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Table B1-8
Example Performanc limits, four replicate initial demonstrton of capability

Compound Initial demonstration, Initial demonstration,
mean recovery limits RSD limits

Aldrin 46-112 21
alpha-BHC 51-122 24

beta-BHC 61-120 32
delta-BHC 49.5-118.5 36
gannna-13HC 57-116 23
Chlordane 44.8-108.6 20

4,4'-DDD 52-126 28
4,4'-DDE 46-120 27.5

4,4'-DDT 54-137 36
Dieldnn 42.5-124.5 38
Endosulfan 1 43-141 2

Endosulfan 11 78-171 61_ _ _ _ _ _ __ _ _ _ _ _ _ _

Endosulfan Sulfate 62-132 2

Endrin 49-126 3

Heptachlor 57-100 2
Heptachlor Epoxide 43.5-131 5 2.

Toxaphcne 44.4-1112 2
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I. SCOPE AND APPLICATION

1. 1. This SOP Appendix describes procedures to be used when SW-846 Method 800OB is applied to the
analysis of polychlorinated biphenyls (PCB) by GC/ECD. This Appendix is to be applied when SW-846
Method 8082 is requested, and is applicable to extracts derived from any matrix which are prepared
according to the appropriate STL sample extraction SOPs. (CORP-OP-OOOINC). The PCBs are
determined and quantitated as Arochlor mixes.

1,2. Table C-I lists compounds, which are routinely determined by this method, and gives the Reporting
Limits (RL) for each matrix. RLs given are based on the low level standard and the sample preparation
concentration factors. Matrix interferences may result in higher RLs than those listed.

Note: SW-846 method 8082 provides incomplete guidance for determination of individual PCB
congeners. This SOP does not include directions for congener specific analysis.

1.3. The associated LIMS method code is QH (8082).

2. SUMMARYVOF METIIOD

This method presents conditions for the analysis of prepared extracts of PCBs. The PCBs are injected onto
thle Column and separated and detected by electron capture detection, Quantitation is by the external
standard met hod.

Refer to the STL North Canton Laboratory Quality Manual (LQM), Cunrent version, for definitions of terms
used in this document.

4. INFEREERENCES

4.1. Refer to the method 800013 section of this SOP for information regarding chromatographic interferences.

4.2. Inter ferences in the GC analysis arise From many compounds amenable to gas chromatography that give
a measurable response onl the electron capture detector. Phithalate esters, which are common
plasticizers, can pos'e a major problem in the determinations. Avoiding contact with any plastic
materials minimizes interferences from phihlalates.

4.3. Sulfur will interfere and canl be removed using procedures described in SOP CORP-OP-000 INC.

4.4. Interferences co-extracted from samples will vary eonsiderably from source to Source. The presence of
interferences may raise qu~antitation limits for individual samples. Specific cleanups may be performed
on thie sample extracts, including florisil cleanup (Method 3620), Gel Permeation Chromatography
(Method 3640), and Sulflir cleanup (Method 3660). These cleanup procedures are included in SOP #
COR P-OP-0001INC.

5. SAFETY

5.1 Refer to section 5 of the Method 8000B SOP for general safety requirements.

5.2. Aroclors have been classified as a potential carcinogen under OSHA. Concentrated solutions of
Aroclors must be handled with extreme care to avoid excess exposure. Contaminated gloves and
clothing must be removed immediately. Contaminated skin surfaces must be washed thoroughly.

5.3. All 6'Ni sources shall be leak tested every six months, or in accordance with the manufalctUrer's general
rad!ioactivye material license.
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5.4. All 63Ni sources shall be inventoried every six months. If a detector is missing, the Director, EH&S shall

be immediately notified and a letter sent to the NRC or local state agency.

6. EQUIPMENT AND SUPPLIES

6.1. Refer to Section 6 of the 8000B section of this SOP. A 63Ni electron capture detector is required.

6.2. Refer to Table C-2 for analytical columns.

6.3. Microsyringes, various sizes, for standards preparation, sample injection, and extract dilution.

7. REAGENTS AND STANDARDS

7 I. Refer to the method 8000B section of this SOP for general requirements for reagents and supplies. The

standards must be replaced at least every six months or sooner if comparison with check standards

indicates a problem

7.2. Refer to Table C-3 for details of calibration standards.

7.3. Surrogate Standards

Tetrachloro-m-xylene and decachlorobiphenyl are the surrogate standards. Other surrogates may be

used at client request. Refer to Table C-4 for details of surrogate standards.

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

Refer to Section 8 of the 800GB3 section of this SOP.

9. QUALITY CONTROL

Refer to Section 9 of the 8000B section of this SOP.

10. CALIBRATION AND STANDARDIZATION

10.1. Refer to Section I10 of the 800GB3 section of this SOP for general calibration requirements.

10.2. Initial Calibration

10.2 1. Refer to Table C-5 for the initial calibration analytical sequence

10,2.2. The response for each Arochlor will be calculated by the procedures described in the general

method for GC analysis, with the following modifications.

10 23. A five point calibration of the Arochior 1016/1260 mix is generated with at least mid level single

points for the other Aroclor mixes. The average response factor is used to quantitate Arochiors

1 260 and 1016, other Arochilors are quantitated from the mid level single point.

10.2.4 The analyst may include a fullS5 point calibration for any of the Arochlors with the initial

calibration

10.2.5. The high and low standards for the initialS5 point calibration of 10 16 / 1260 define the acceptable

quantitation range for the other Arochlors. If any Arochlor is determined above this concentration

the extract must be diluted and reanalyzed.

10 26. If the analyst knows that a specific Arochlor is of interest for a particular project, that Arochlor may

be used for the five point calibration rather than the 1 0 16 / 1 260 mix.
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102.7. The surrogate calibration curve is calculated from the Aroclor 10 16/1260 mix. Surrogates in the
other calibration standards arc used only as retention time markers.

10.2.8. Two options are possible for quantitation of Aroclors. The same quantitation option must be used
for standards and samples.

10.2.8.1. Multiple peak option

Select 3- 10 major peaks in the analyte pattern. Calculate the response using thc total area or total height of
these peaks. Alternatively, find the response of each of the 3- 10 peaks per Aroclor, and use these
responses independently, averaging the resultant concentrations found in samples for a final concentration
result, When using this option, it is appropriate to remove peaks that appear to be coeluting with
contaminaent peaks from the qUantitation. (i.e. peaks which are significantly larger than would be expected
from the rest of the pattern.)

10.2.8.2. Total area option

The total area of the standards and samples may be used for quantitation of multi-component analytes. Any
surrogate or extraneous peaks within the cnvelope must be subtracted from the total area. This option
should not be used if there are significant interference peaks within the multi-component pattern in the
samples. The retention time window for total area measurement must contain at least 90% of the area of thle
anal yte.

10.3. 12 hour Calibration

The 12 hour cali brat ion yenrification Must be Panalyzed w 'thin 12 hours of the start of the initial calibration
and at least once every 12 hours thereafter i fsamrples are being ainalyzed. If there is a break in the
analytical sequence of greater t han 12 hours, then a new continuing cal ibrat ion run inuLst be analyzed
before proceeding with thle sequ~ence. If more than 12 hours have elapsed since the injection of the last
sample in the ana lyti cal sequence, a new ana lytical sequence must be started with a 12 hour calibration.

10.3.1. At a moinimomll, thle 12 boorH calibration iel odes ,analysts of the Arochlor 1260 / 1016 mix.

10.3.2. It is adequate to verify calibration With a mixture of Anoclors 101 6and 1260. If a specific Aroclor is
expected, it may be inc tided in thle datIly calibraltion check.

10.3.3. The retention time windows for any analytes included in the daily calibration and CCVs are
Updated.

10.3.4. For this method samples most he bracketed with successful calibration veritication runs.

10.4. Calibration verification

Thle Aroichlor 1260/1016 calibration mix is analyzed as thle calibration verification standard. This is
analyzed afiter every 20 samples, including matrix spikes, LCS, and method blanks. (Depending on the
type of samples. it may be advisaible to analyze verifications more frequently in order to minimize
reruns.).

10.4.1. A mida level standard is used for the calibration verification.

]L. PROCEDURE

11.1. Refer to the method 80008 section of this SOP for general procedural requirements.
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11.2. Extraction

The extraction procedure is described in SOP No. CORP-OP-000 INC.

11.3. Cleanup

Cleanup procedures are described in SOP No. CORP-OP-000 INC.

11.4. Suggested gas chromatographic conditions are given in Table C-2.

11.5. Allow extracts to warm to ambient temperature before injection.

11.6. The suggested analytical sequence is given in Table C-S.

12. DATA ANALYSIS AND CALCULATIONS

12.1. Identification of Arochlors

Retention time windows are used for identification of Arochlors, but the "fingerprint" produced by

major peaks of those analytes in the standard is used in tandem with the retention times for

identification. The ratios of the areas of the major peaks are also taken into consideration.

Identification may be made even if the retention times of the peaks in the sample fall outside of the

retention time windows of the standard, if in the analyst's judgment the fingerprint (retention time and

peak ratios) resembles the standard chromatogram.

A clearly identifiable Arochlor pattern serves as confirmation of single column GC analysis. Dual

column confirmation may be used for specific program requirements or by client request.

12.2. QUantitation of Arochlors

Use 3- 10 major peaks or total area for quantitation

Ifttle analyst believes that a combination of Aroclor 1254 and 1260, or a combination of 1242, 1248 and

1 232 is present, then only the predominant Arochlor is quantitated and reported, but the suspicion of

multiple Aroclors is discussed in the narrative. If well separated Aroclor patterns are present, and then

both Aroclors are quantitated and reported

12.3. If there are no interfering peaks within the envelope of the Arochlor, the total area of the standards and

samples may be used for quantitation. Any surrogate or extraneous peaks within the envelope must be

subtracted from the total area.

12A4. Second column confirmation of Aroclors will only be performed when requested by the client. The

appearance of the multiple peaks in the sample usually serves as a confirmation of Aroclor presence.

12.5. Surrogate recovery results are calculated and reported for decachlorobiphenyl (DCB) and tetrachloro-

mi-xylene (TCMX). Corrective action is only necessary if lDCB and TCMX are both outside of

acceptance limits.

13. METHOD PERFORMANCE

13.1. Performance limits for the four replicate initial demonstration of capability are required as referenced
uinder Section 13.1 of the main body of this SOP

13 2 Method detection limits (MDL) are determined for all Arochlors.

14. POLLUIION PREVENTION

Refer to section 1 4 of the 8000B section of this SOP.
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15. WASTE MANAGEMENT

15.1. Waste generated in this procedure will he segregated and disposed according to the facility hazardous
waste procedures. The Environmental Health and Safety Director should be contacted if additional
information is required.

16. REFERENCES

16.1. SW846, Update 111, December 1996, Method 8082

17. MISCELLANEOUS

17.1. Modifications firorr Reference Method

17.1.1. Method 8082 includes limited direction for congener specific quantitation. This is outside the
scope of this SOP.

17.2. Modifications from Previous Revisions

No changes were made to this Appendix
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17.3. Tables

Table C-1
Standard Analyte list and Reporting Limits

Reporting Limit, lg/L or pig/kg __________

Compound ~~~~~~ ~~~water jSoil][ waste

Aroclor-1016 1.0 33 1000

Aroclor- 1221 1 0 33 1000

Aroclor-1232 1.0 33 1000

Aroclor 1242 1.0 33 1000

Aroclo-1248 1.0 33 1000
Aroclo'r- 254 1.0 33 1000
Aroclor-1260 1.0 33 1000

The following concentration factors are assumed in calculating the Reporting Limits:
Extraction Vol. Final Vol.

Ground water 1000 ml 10 mL.
Low-level Soil 30g lOmnL
H~igh-lcvel soil / waste I g lOmL

Table C-2

Parameter Recommended Conditions

Injection port temp 2200C

Detector temp 325"C
Temperature program 700C for 0.5min, 300C/min to I190 t C, 2.5t C/mnin to 225, I180C/min to

2800C, 3 min hold

Column I DB3-5 or Rtx-5 30m x 0 32inmi id, 0 Sjam
Column 2 DB-I 7O1or Rtx 170i 30m x 0.32 mm id, 0 2 5iLM

Column 3 DB-608, 30m X 0 32 min, 0. 25Sim
Injection 1-2rtL

Carrier gas Helium or Hydrogen
Make up gas Nitrogen

Y splitter Restek or J&W or Supelco glass tee
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Table C-3
_______________ _______________Calibration Levels nglmL _ _ _ _ _ _

_____________________________Level I Level 2 Level 3 Level 4 Level 5 Level 6'
Aroclor 1016/1260 100 200 500 1000 2000 4000
Aroclor 12422 '____ 500 _____

Aroclor 1221 ±1254 2 ______500 ______

Aroclor 1232 2 _____ 500

Aroclor 12482 _____ 500

Surrogates are inclUded with all the calibration mnixes at the following levels:

Tetrachloro-in-xylene 5 t0o 25 [so l 100 200
D~caclroihey 5 110 j25 50 j 100 200

Level 6 is optional and should only be used if linearity can be maintained on the instrument to this level.
2 Ar oclors may be quantitated within the range I100 to 2000 ng/nmL (4000ng/mL if the level 6 101I6/1260 standard is

included) Ifithe Aroclor is more concentrated, it must be reanalyzed at a dilution.

LCS/Matrix Spike mid Surrogate Spike levels for-Aroclor analysis with Acid Cleanup

A ticous soil Waste
Ato __ __ __ __ ___1016_ __ ___1260_ __ __ 10 1333 I 10,000
Tetrachloro-ii-xylene (Surrogate) 0.20 6.67 200
Decachiorobipfienyl (Surrogate) 0.20 6 67 200

Tahle C-5

Michigan Analyte List and Reporting Limits'

Compound Jwaiter (jug/L) litsoil(pgK)L

Aroclor-1016 0.2 330
Aroeclor- 1 221 0.2 330
Aroclor- 1232 04 330
Aroclor 1242 0.2 330
Aroclor- 1248 0.2 330
Aroclor- 1254 0.2 330
Aroclor- 1260 0.2 330

Reporting Li mits are only for samples performed uinder the M icliigan program
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Table C-5
Suggested Analytical Sequence

Initial Calibration
Injection #
I Solvent blank (optional)
2 Aroclor 1016/1260 Level I
3 Aroclorl1016/1260 Level 2
4 Aroclorl1016/1260 Level 3
5 Aroiclor 1016/1260 Level 4
6 Aroclorl1016/1260 Level 5
7 Aroclor 1232 Level 3
8 Aroclor 1242 Level 3
9 Aroclor 1248 Level 3
10 Aroclor 1221/1254 Level 3

11-30 Sample 1-20 (or as many samples as can be analyzed in 12 hours
Solvent blank (optional)

32 Aroclor l016/1260 Level 3

etc

Note: A solvent blank or primer may be analyzed at any time during the sequence when highly contaminated samples
are expected. A solvent blank or primer may not be analyzed as routihe immediately prior to standards.

12 hour Calibration

At least every 12 hours, counting from the start of the initial calibration, or from the start of the last daily calibration,
the retention time windows must be updated using the Aroclor l 260 / I01 6 mix. Mid level standards of any other
Aroclors expected to be present in the samples are also injected.
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I . SCOPE AND APPLICATION

This method is applicable to the gas chromatographic determination of Chlorinated phenoxy acid herbicides
in extracts prepared by SOP CORP-OP-000 INC. The herbicides listed in Table Dl are routinely analyzed.
Other chlorinated acids may be analyzed by this method if the quality control criteria in Section 9 and the
initial demonstration of method performance in Section 13 are met.

1. 1. The associated LIMS method code is QS.

2. SUMMARY OF METHOD

This method presents conditions for the analysis of prepared extracts of phenoxy acid herbicides by gas
chromatography. The herbicides, as their methyl esters, are injected onto the column, separated, and
detected by electron capture detectors. Quantitation is by the external standard method.

3. DEFINITIONS

Refer to the STL North Canton Laboratory Quality Manual (LQM), Current version, for definitions of terms
used in this document.

4. IN'IRVERENCES

4.1. Refer to the method 80008 section of this SOP for general information regarding chromatographic
interferences.

4.2. Chloionnated acids and phienols cause the most direct inter ference with this method.

4.3. Sulfur may interfere and may be removed by the procedure described in SOP#CORP-OP-000 INC

5. SAFE'I'Y

5.1. Refer to section 5 of the Method 8000B SOP~ for general safety requirements.

6. EQUIPMENT AND)SUPPLIES

6.l. Refer to Section 6 of the 80008 section of this SOP. A Ni6 , electron capture detector is required.

6.2. Refer to Table D2 for analytical columns.

6.3. M icrosyringes, various sizes, for standards preparation, sample injection, and extract dilution.

7. REAGENTS AND STANDARDS

7.1. Refer to section 7 of the 80002 section of this SOP for general information on rcagents and standards.

8. SAMPL.E PREPARATION, PRESERVATION AND) STORAGE

Refer to Section 8 of the 8000B section of this SOP.

9. QUALITY CON'IROL

9.1, Refer to Section 9 of the 8000B3 section of this SOP for qluality control requirements, including the initial
demonstration of capability, definition of a batch, surrogate limits, method blanks, laboratory control
samples (LCS), and matrix spikes (MS).
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9.2. Refer to Table D-3 for the components and levels of the LCS and MS mixes.

10. CALIBRATION AND STANDARDIZATION

10.1. Refer to Section 1 0 of the SOOOB3 section of this SOP for general calibration requirements

10.2. Calibration standards are prepared from purchased standards in the methyl ester form.

10.3. The low level standard must be at or below the laboratory reporting limit. Other standards are chosen to
bracket the expected range of concentrations found in samples, without saturating the detector or
leading to excessive carryover.

10.4. Refer to Table D-2, for details of GC operating conditions.

IL. PROCEDURE

11 I Refer to the method 8000B section of this SOP for procedural requirements.

11.2. Extraction

The extraction procedure is described in SOP #CORP-OP-000 I NC.

11.3. Cleanup

The alkaline hydrolysis and subsequent exiraction of the basic solution described in the extraction
procedure provides an effective cleanup.

11.4 Analytical Sequence

The analytical sequence starts with an initial calibration of at least five points, or a daily calibration that
meets % difference criteria from an existing initial calibration.

11.4.1 The daily calibration must be analyzed at least once every 24 hours when samples are being
analyzed. If there is a break in the analytical sequence of greater than 1 2 hours, then a new
continuing calibration run must be analyzed before proceeding with the sequence. If more ihan 24
hours have elapsed since the injection of the last sample in the analytical sequence, a new
analytical sequence must be started with a daily calibration.

11.4.2. The daily calibration consists of mid level standards of all analytes of interest. Retention time
windows must be updated with the daily calibration.

11,4.3. After every 12 hours a continuing calibration is analyzed. The continuing calibration consists of
mid level standards of all analytes of interest. Retention time windows are updated with continuing
calibrations.

11.5. Gas Chromatography

Chromatographic conditions are listed in Table D-2.

12. DATA ANALYSIS AND CALCULATIONS

12.1. Refer to the 8000B section of this SOP for identification and quantitation of single component analytes

12 2. The herbicides are analyzed as their mnethyl esters, but reported as the free acid. For this reason it Is
necessary to correct the results for the molecular weight of the ester versus the free acid. This is
achieved through the concentrations of the calibration standards. For example the 20pg/L calibration
standard for 2,4-D contains 2 1.3 pg/L of the mrethyl ester. No further correction is necessar y
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12.3. A routine l OX dilution occurs on final extracts for all samples. Due to a QuantiMS limitation, the
dilution factor ficld in QuantiMS cannot be used when a dilution is routine, because the dilution
factor is automatically applied to all reference values creating reporting problems. For the herbicide
analysis, the extract volume will be IlOmL and an aliquot at lOX dilution will be analyzed. The final
extract volume recorded on the laboratory bench sheet will be recorded as lOOmnL to avoid using
the dilution factor field in QuantIMS.

13. METHOD PERFORMANCE

13.1. The EPA for this method has not published multiple laboratory performance data Performance limits
for the four replicate initial demonstration of capability are required as referenced under Section 1 3.1 of
the main body of this SOP.

14. POLLUTION PREVENTION

This method does not contain any specific modifications that serve to minimize or prevent pollution.

IS. WASTE MANAGEMENTI

Waste generated in this procedure will be segregated and disposed according to the facility hazardous
waste procedures. The Environmential Health and Safety Director should be contacted if additional
in format ion is req iiired.

16. REFERENCES

Method 815 1A, SW-846, Update I II, Decemnber 1996

17. MISCELLANEOUS

17.1. Modifications from Reference Method

Refermt the method 800011 sect ion of this SOP for modifications fromi the reference method.

17.2. Modifications fromt Previous Revision

Thre calibration procedure has been changed to require ester ification of the calibration standards
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17.3. Tables

Table D-1

__________________________________Standard A nalyte list

Compound CAS Number Reportingv Limit j.g/L or pg/kg _______

Aqueous Soil Waste
2,4-D 94-75-7 4 80 4000
2,4-DB 94-82-6 4 80 -4000

2,4,5-TP (Silvex) 93-72-1 I 20 1000
2,4,5-T 93-76-5 I 20 .1000
Dalapon 75-99-0 2 40 2000
Dicamba 1918-00-9 2 40 2000

Dichloroprop 120-36-5 4 80 4000

Dinoseb 88-85-7 06 12 600
MCPA 94-74-6 400 8000 400,000
MCPP 93-65-2 400 8000 400,000

The following concentration factors are assumed in calculating the Reporting Limits:

Extraction Vol Final Vol Dilution Factor

Ground water 1000 mL 10 mL 20
Low-level Soil without GPC 50 g 10 mL 20
High-level soil / waste I g 10 mL 20

Specific reporting limits are highly matrix dependent. The reporting limits listed above are provided for guidance only
and mlay not always be achievable For special projects, the extracts may be analyzed without any dilution, resulting
in reporting limits 20 times lower than those in Table D-I.

Table D-2
Instrumental Conditions

PARAMETER Recommended conditions
Injection port temnp 220'C

Detector temip 3250C
Temperature program 80,2/30/I 70,0/Ill180,1

Column I DB-5MS or RIX 5 30x0.32,0O5um

Column 2 DB-1701 orRtx-l701
Injection 1-2pL

Carrier gas Helium / Hydrogen
Make up gas ~~~Nitrogen

Recommended conditions should result in resolution of all analytes listed in Table D- I .

The reporting limits listed in Table D-lI will be achieved with these ealibration levels and a 20 fold dilution of the
sample extract, Lower reporting limits can be achieved with lesser dilutions of the sample extract.
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Table D-3
LCS/Matrix Spike and Surrogate Spike levels gg/L or gg/k

_____ ____ _____ ____ _____ ____ _____ ____ ____ Aqueous Soil W aste
2,4-D 16 800 16000
Silvex 4 200 4000
2,4,5-T 4 200 4000
2,4-DB8 16 800 16000
Dalipon 8 400 8000

_DCAA (SUrrogate) 16 800 16000

LCS, MS and SS spikes arc as the free acid.
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I SCOPE AND APPLICATION

1. 1. This method is applicable to the determination of the concentration of certain Organophosphorus

Pesticides in waters, wastewaters, oils, soils, and sludges. It is based on SW846 Method 8141A. Table

£1I shows reporting limits for compounds routinely analyzed by this method The compounds include,

but are not limited to, those shown in Table El1.

1.2. This document accurately reflects current laboratory standard operating procedures (SOP) as of the

date above. All facility SOPs are maintained and updated as necessary by the laboratory QA

department.

1.3. The associated LIMS method code is P2

2. SUMMARY OF METHOD

2.1. An aliquot of prepared sample is injected in a gas chromatograph (GC) and compounds in the effluent

are detected by a flame photometric detector. Appropriate preparation techniques are described in SOP

CORP-OP-00OINC. Ultrasonic Extraction (Method 3550) isNOTan appropriate sample preparation for

Method 8141 and should not be used becausecofthe potential fordestruction oftarget analytes during

the ultrasonic extraction process.

3. DEFINITIONS

Refer to the SIL North Canton Laboratory Quality Manual (LQM), current version, for definitions of terms

used in this document.

4. INTERFERENCES

4.1. Refer to the method 8000B section of this SOP for general information regarding chromatographic

interferences.

4.2 Analytical difficulties encountered for target analysis include.

4.2.1. The water solubility of Dichlorvos (DDVP) is l0 g/L at 20t'C, and recovery is poor from aqueous

solution,

4 22. Naled is converted to Dichlorvos (DDVP) on column by debromination. This reaction may also

occur during sample workup.

4 2.3. Trichlorfon rearranges and is dehydrochlorinated in acidic, neutral, or basic media to form

Dichlorvos (DDVP) and hydrochloric acid Ifthis method isto beused for the determnination of

organophosphates in the presence of Trichlorfon, the analyst should be aware of the possibility of

rearrangement to Dichiorvos to prevent misidentification.

4.2.4. Merphos is a single component pesticide that is readily oxidized to Merphos oxonec.

Chromatographic analysis of Merphos almost always results in two peaks.

5. SAFETY

5.1. Refer to SectionS5 of the Method 8000B SOP for general safety requirements.
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6. EQUIPMENT AND SUPPLIES

6.1. Refer to Section 6 of the 8000B section of this SOP.

6.2. Refer to Table 132 for Instrument settings.

6.3. M icrosyringes, various sizes, for standards preparation, sample injection, and extract dilution.

7. REAGENTS AND STANDARDS

7.1. Refer to Sct~ion 7 of the 8000B section of this SOP for general information on reagents and standards.

7.2. Refer to Table E3-3 for details of calibration and other standards.

7.3. Surrogate Standards

Triphenyl phosphate is the surrogate standard. Refer to Table 13-4 for details of the surrogate standard

8. SAMPLE PREPARATION, PRESERVATION AND STORAGE

Refer to sectionS8 of the 80001B section of this SOP.

9. QUALIFY CONTROL

9.1. Refer to Section 9 of the 8000B section of this SOP for quality control requirements, including the initial
demnonstration of capability, deti nit ion of a batch, 81t rrogate li mits, met~hod blanks, laboratory control
samples (LCS), and matrix spikes (MS).

9.2. Refer to Table E3-4 for the components and levels of the LCS and MS mnixes.

I10. CALIBRATION AND STiANDARDIZATiON

10.1. Refer to Section 1 0 of the 80008 section of this SOP for general calibration requirements.

10.2. Calibration standards are made uIP from purchased solutions. Table 13-3 lists the calibration levels.

10.3. The low level standard must be at or below the laboratory reporting limit Other standards are chosen to
bracket the expected range of concentrations found in samTples, withouit saturating the detector or
leading to excessive carryover

II. PROCEDURE

1I.!. Refer to the method 8000B section of this SOP for procedural requirements.

11.2. Extraction

The extraction pr-ocedutre is descr ibed in SOP #CORP-OP-000 I NC.

11.3. Cleanup

11.4. Analytical Sequence

The analytical seqeceII]C starts with an initial calibration of'at least five points, or a daily calibration that
mneets 34/, Ii fference criteria from an existing initial calibration
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11.4 I The daily calibration must be analyzed at least once every 24 hours when samples are being
analyzed. If there is a break in the analytical sequence of greater than 12 hours, then a new

continuing calibration run must be analyzed before proceeding with the sequence. If more than 24
hours have elapsed since the injection of the last sample in the analytical sequence, a new
analytical sequence must be started with a daily calibration.

11.4.2. The daily calibration consists of mid level standards of all analytes of interest. Retention time
windows must be updated with the daily calibration.

11.4.3. After every 12 hours a continuing calibration is analyzed. The continuing calibration consists of
mid level standards of all analytes of interest. Retention time windows are updated with continuing
calibrations.

12. DATA ANALYSIS AND CALCULATIONS

12.1 Refer to the 8000B section of this SOP for identification and quantitation of single component analytes.

12.2. Surrogate recovery results are calculated and reported for Triphenyiphosphate unless it is determined
that sample interference has adversely affected the quantitation of one of the surrogates The

surrogate must be within QC criteria. Corrective action is only necessary if Triphenylphosphate is

outside of acceptance limits.

13. METHOD PERFORMANCE

13 I Performance limits for the four replicate initial demonstration of capability are required as referenced

under Section 13. 1 of the main body of this SOP.

14. POLLUTION PREVENTION

Refer to section 14 of the SOOOB3 section of this SOP.

15. WASTE MANAGEMENT

15 1. Waste generated in this procedure will be segregated and disposed according to the facility hazardous
waste procedures. The Environmental Health and Safety Director should be contacted if additional
information is required

16. REFERENCES

SW846, Update III, December 1996, Method 8141A.

17. MISCELLANEOUS

17 1. Reporting limits

17,1.1. The lower standard reporting limits are listed in Table E-1

17.1.2. If samples require dilution or smaller volumes than specified in this method, the RL will be elevated.

17 12 1 The nature ofthe FPD detector contributes to high dilutions forMethod 8141A. There is a
phenomnenon known as quenching that occurs. This happens when light absorption occurs
in the flame of the FPD due to hydrocarbons, sulfur, and certain light absorbing compounds.
When this happens the analytes of interest do not reach the photormultiplier tube and are

not detected even though they may be present
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17.2. Elation time

17.2.1. For any positive detection in a sample, the chromatogram is overlaid on screen with the nearest
standard for elation time matching and pattern recognition using the Target system.

17.3, Troubleshooting guide

17.3.1. Consult the instrument manufacturer's operating mantual for guidance.

Table El: Organophosphorus Pesticides Routinely Analyzed and ReportinigLimits

Compound CAS Number Reporting Limits
__________ __________ __________ _________ __________ W ater, pg/L Solid, ag/kg

Azinphos methyl 86-50-0 1.0 33
Bolstar (Suprofos) 35400-43-2 1.0 33
Chlorpyrifos 292 1-88-2 1.0 33
COUrnaphos 56-72-4 1 ..0 33
Dermeton, 0 and S 8065-48-3 1 .0 33
Dinaznon 333-41I-5 1.0 33
Dichlorvos 62-73-7 1.0 33
Distl Foton0 298-04-4 1.0 33
Eithoprop 13 194-48-4 1.0 33
Fensulfothion I115-90-2 1.0 33
Fenthion 55-3 8-9 1.0 33
Malathion 1 2 1-75-5 1.0 33
Merphios 150-50-5 I .0 33
Methyl Parathion 298-00-0 1.0 33
mcviliphos 7786-34-7 1.0 33
Naled 300-76-5 1.0 33
Phorate 298-02-2 1.0 33
Runnel 299-84-3 1.0 33
Stirophos 22248-79-9 1.0 33
Tokuthion 34643-46-4 1.0 33
Trich loronate 327-98-0 1.0 33
0,0,0-Trientyl phosphorothioate 1 26-68-I 1.0 33
Th1ionazVin 297-97-2 I .0 33
Sul fotepp 3689-24-5 1.0 33
Dimnethoate 60-5 1-5 1.0 33
Parathion 56-3 8-2 1.0 33
Farnphur 52-85-7 1.0 33
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Table E2: Instrumental Conditions

PARAMETER Recommended conditions

Injection port temp 1750C

Detector temp 2300C

Initial temp 1350C

Temperature program (A) 50C/minute (B) 200C/minute

Final Temp (A) 245t'C (B) 295C.

Final Hold Time (A) 0 minutes (B) 7 minutes

Column I RTX-OPP, 30 meter, 0.32 mm, 0 5 pmi film

Column 2 RTX-l, 30 meter, 0 32 mm, 0 5 -am film
injection 1-2pL

Carrier gas Helium I Hydrogen

Make up gas Nitrogen
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Table E3 Initial Calibration Concentrations (ng/uL)

COMPOUND LEVELI LEVEL2 LEVEL3 LEVELA LEVELS LEVEL6 LEVEL7
o,o,o-Triethylp- 0.2 0.5 1 2 5 10 20
hosphate
Dichlorvos 0.2 0.5 I 2 5 10 20
Mevinphos 0.2 0.5 1 2 5 10 20
Thtionazin 0.2 0.5 I 2 5 10 20
Ethoprop 0.2 0.5 1 2 5 10 20
Naled 0.2 0.5 1 2 5 10 20
Sulfotcpp 0.2 0.5 I 2 5 10 20
Phorate 0.2 0.5 1 2 5 10 20
Denmeton 0.2 0.5 1 2 5 10 20
Dimethoate 0.2 0.5 I 2 5 10 20
Diazinon 0.2 0.5 I 2 5 10 20
DiSul[foton 0.2 0.5 I 2 5 10 20
Methyl Parathion 0.2 0.5 I 2 5 10 20
Ronnel 0.2 0.5 I 2 5 10 20
Fcnthion 0.2 0.5 I 2 5 10 20
Chilorpyroros 0.2 0.5 I 2 5 10 20
Parathion 0.2 0.5 I 2 5 10 20
Malathion 0.2 0.5 I 2 5 10 20
Trichloronate 0.2 0.5 I 2 5 10 20
Merphos 0.2 0.5 I 2 5 10 20
Stirophos 0.2 0.5 I 2 5 10 20
Tokuthion 0.2 0.5 I 2 5 t0 20
FenSalfothion 0.2 0.5 1 2 5 10 20
Bolstar 0.2 0.5 I 2 5 10 20
Farnphur 0.2 0.5 1 2 5 101 20
Azinphos methyl 0.2 0.5 I 2 5 1 0 20
Cournaphos 0.2 0.5 I 2 5 1 0 20_j

Table E4: LCS/Matrix Spike and Surrogate Spike Compounds - 20 ug/rnL

Compound Compound

Thinazmi Sul fotepp
Plhorate Disulffoton
Methyl Parathion Parathion
Faniphur 0,0,0-Tricthiylphospliate
Dimethoate Triphenyl Phosphate - SUrrogate
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I. Scope and Application

I.]1. This method is applicable to the determination of the concentration and tentative identification of
petroleum hydrocarbon mixes in waters, wastewaters, soils, and sludges.

1.2. This SOP is based on SW-846 Method 801I58, Modified, Revision 3, December 1996.

1.3. The associated LIMS method codes are HS (8015 MOD) and KI (80158).

2. Summary of Method

2 1. This method provides gas chromatographic conditions for detection and identification of total

petroleum hydrocarbons. Prior to the use of this method, appropriate sample preparation techniques
are used

2.2. An aliqtiot of the prepared sample is injected into a gas chromatograph (GC) and compounds in the
effluent are detected by a flame ionization deiector (FID).

2.3. The carbon range for Ohio VAP and BUSTR projects is C10-C20 and C20-C34.

3. Definitions

3.1. Refer to the glossary in the STL North Canton Laboratory Quality Manual (LQM), current version.

4. INTERFERENCES

4.1. Refer to the method 80008 section of this SOP for general information regarding chromatographic
interferences.

5. SAFETY

5 I Refer to Section 5 of the Method 8000B SOP for general safety requirements.

6. EQUIPMENT AND SUPPLIES

6.1 Refer to Section 6 of' the 80008 section of this SOP.

6 2 Microsyringes, various sizes, for standards preparation, sample injection, and extract dilution.

7. REAGENTS AND STANDARDS

7.1. Refer to Section 7 of the 80008 section of this SOP.

7 2. The petroleum hydrocarbons are purchased from achemnical supplier when available. When no
chemical supplier is available, the fuels are purchased from public sources.

7.3. The OVAP and BUSIR standard is a commercially prepared standard containing alkanes from Cl 0-C34.

8. SAMPLE PREPARATION, PRESERVATION AND STORAGE

8.1I Refer to Section 8 of the 80008 section of this SOP.
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9. QUALITY CONTROL

9.1. Refer to Section 9 of the 8000B section of this SOP for quality control requirements, including the initial
demonstration of capability, definition of a batch, surrogate limits, method blanks, laboratory control
samples (LCS), and matrix spikes (MS).

9.2. MS/MSD recoveries are calculated from a Diesel calibration.

9.3. Surrogates

9.3.1. Because of the nature of the TPH analysis, whereas certain petroleum mixtures can override the C9
surrogate, the C9 surrogate recoveries are advisory. Re-extraction due to surrogate recoveries is
determined by analystjudgement.

NOTE: Ohio VAP rules require reanalysis when surrogate recoveries are outside of control limits.

IO CALIBRATION AND STANDARDIZATION

10.1. Recommended Instrument Conditions

10.1.1. Hydrogen carrier gas - flow rate 5 - 6 nml/min

10.1.2. Detector gas mixture - air hydrogen mixture in a I10:1I ratio, air 80 - 120 mL/min, hydrogen 8 -12
mL/niin

10.1.3. Ten11ipeatiire Pr ogram - refer to Appendix

10.1.4. Injection volume - I -

10.2. Initial Calibrat ion

10.2.1. Analyze a five point Diesel calibration standard referring to the recommended insirunment
conditions. The calibration concentrations are 100, 200, 500, lOGO, and 2000 ng/LiL. A 5OG0ng/uL
standard may be analyzed if needed. The retention time window of C I 0-C32 shiall be us~ed for the
Diesel calibration.

10.2.2. For Ohio VAP and BIJSTR calibrations, analyze a five point calibration forthe carbon range CIO-
C20. The concentrations are 60, 120, 240, 600 and 1200 ug/niL. Analyze a five point of the carbon
range C20-C34. The concentration ranges are 80, l 60, 320, 800, and I600 ug/mL.

10.3. Continuing Calibration

10.3.1. Refer to Section IlO of tle 8000B section of this SOP for general calibration requirements.

I I. PROCEI)URE

Ill1. Refer to the method 8000B section of this SOP for procedural requirements.

11.2. Extraction

The extraction procedure is described in SOP #CORP-OP-000 I NC.
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11.3. Cleanup

11.4. Analytical Sequence - Refer to Section I11 in the 8000B Section of this SOP.

11.5. Petroleum Hydrocarbon Identification and/or Fingerprinting

11.5 . To identify the type of petroleum hydrocarbon, compare the chromatographic peak pattern to the

patterns of known petroleum hydrocarbons analyzed under identical chromatographic conditions.

Samples are quantified against diesel, but fingerprinting may be done when client requested.

11.5 2. Positive matching may not be possible, even using site-specific hydrocarbons. Degradation of the

pattern can occur during environmental exposure of the fuel. See Table 2 for possible fingerprints.

11.6. Sample Quantification

11.6.1. Samples are quantified against the initial calibration of diesel or DRO on a single column.

11.6.2. The total height or area of the hydrocarbon is determined in the same manner used for the

hydrocarbon standard.

I1 .6.3. If the amount of sample injected into the GC exceeds the working range of the calibration curve, an

appropriate dilution is performed before reanalysis

12. DATA ANALYSIS AND CALCULATIONS

12.1. Refer to the 8000B section of this SOP for identification and quantitation of single component analyles

12.2. Surrogate recovery results are calculated and reported for Nonane (C-9) unless it is determined that
sample interference has adversely affected the quantitation of one of the surrogates The surrogate

must be within QC criteria. Corrective action is only necessary if Nonane (C-9) is outside of

acceptance limits,

13. METHOD PERFORMANCE

13 I. Perfonnance limits for the fottr replicate initial demonstration of capability are required as referenced

uinder Section 13.1 of the main body of this SOP.

14. POLLUTION PREVENTION

Refer to section 14 of the 8000B section of this SOP.

15. WASTE MANAGEMENT

15.1. Waste generated in this procedure will be segregated and disposed according to the facility hazardous
waste procedures The Environmental Health and Safety Director should be contacted if additional

information is required.

16. REFERENCES

16.1. SW846, Method 801I5B, Nonhalogenated Organics Using GC/FID, Test Methods for Evaluating Solid

Waste, Third Edition, USEPA

16.2. Related SOP
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16.2.1. CORP-OP-OOOINC, Extraction and Cleanup of Organic Compounds from Waters and Soils, Based

on SW846 3500 Series, 3600 Series, 8150, 815 1, and 600 Series Methods

Table Fl: Suggested GC Temperature Program for TPH analysis

Initial Temperature 400 C
Initial Hold Time 4 minutes
Temperature Program I0 OC/minute
Final Temperature 2800C
Final Hold Time 10 minutes

Table F2: Reporting Limits for TPH Analysis

Reportin Limits
Analyte Water (pig/L) jSolids (mg/kg) WseDilution

TPH- (as Diesel) or DRO 100 J 3.3 200
C IO-C20 (OVAP & BUSTR) 60j 2.
C20-C34 (OVAP & B3USTR) 80j 2.

Fingerprint Compounds' ________________

Mineral Spirits Kerosene Motor Oil
Hlydrau~lic Oil Jet Fuel jStoddard Solvent

_____ _____ _____ _____ ____ DRO Spiking Solution

Decane Dodccane Tetradccane
F-lexadccane Octobecane Eicosane
Docosane Tetracosane Hexacosane
Octacosane

IThis list represents most of the common petro01leum hydrocarbons. The list may be expanded to
include other petroleum hydrocarbons.
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1 . Scope and Application

1. 1. This method is applicable to the determination of the concentration of various Non-halogenated

Organic Compounds in waters, wastes, sludges, and solids. It is based on SW-846 Method 8015B.

1 2. The applicable LIMs method codes are 17 (GC/FID 8015) and QU (Senmivolatile Organics, 8015B). The

preparation code is 88.

2. Summary of Method

2.1. This method provides gas chromatographic conditions for the detection of various nonhalogenated

organic compounds. Samples are introduced to the CC by direct injection. Detection is achieved by a

flame ionization detector (FID).

3. Definitions

3.1. Refer to the glossaiy in the STL North Canton Laboratory Quality Manual (LQM).

4. INTERFERENCES

4 I Refer to the method 8000B section of this SOP for general information regarding chromatographic
interferences

5. SAFETY

5.1. Refer to section 5 of the Method 800GB SOP for general safety requirements.

6. EQUIPMENT AND SUPPLIES

6.1. Refer to Section 6 of the 8000B section of this SOP.

6.2. Recommended Columns:

6.2.1. RTX Stabilwax, fused silica, 6Gmi x 0.53,0 5 lim film thickness, or equivalent column.

6 2.2. Stabilwax-DA. fused silica, 60 mn x 0 32, 0.5 pm film thickness, or equivalent column.

6 3. Detectors: Flame ionization (FID)

6.4 Microsyringes, various sizes, for standards preparation, sample injection, and extract dilution.

7. REAGENTS AND STANDARDS

7.1. Refer to Section 7 of the 80G0B section of this SOP

7.1 I Reagent water

7.2. Standards
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7.2.1. Refer to Table G2.

8 . SAMPLE PREPARATION, PRESERVATION AND STORAGE

8.1. Refer to section 8 of the 80008 section of this SOP.

9. QUALITY CONTROL

9.1. Refer to Section 9 of the 80008 section of this SOP for quality control requirements, including the initial
demonstration of capability, detinition of a batch, Surrogate limits, method blanks, laboratory control
samples (LCS), and matrix spikes (MS).

16). CALIBRATION AND STANDARDIZATION

10.1. Recommended Instrument Conditions

10.1.1. The following conditions are recommended. The following table lists specific information for
various Compounds.

10.1.2. RTX- Stabijlwax atnd Stabilwax-DA Columtns:

Carrier Gas: Hydrogen
Initial Terrp: 45 0C
Initial 1-old: 3 rmins
Ramp Rate A: 5 't/mnin
Ramnp Rate B: 30 "C/rnin
Final Hold A: 0 mill
Final Hold B: 3 rnins
Analysis Timec: 17.83 mills
Injector Ternp: 275 0C
FID Temp: 300 "C
Injection Vol: I htL

10.2. Initial Calibration

10.2.1. For each non-halogenated organic compound and surrogate standard, analyze five or more
calibration standards referring to thie recommended GC conditions in Section I10.1I. One of the
standards Ranalyzed should be at or near the concemntration which corresponds to the calibration
range.

10.2.2. Refer to Section I10 of the 8000B section of this SOP for general calibration requirements

HI. PROCED)URE

11.1. Refer to the method 80008 section of this SOP for procedural requirements.

11.2. Sam l IC Pie paration S1um in1-ary

11.2.1. Samiplesireceived fall into threegener-al categories waters, soils,or wastes.
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11.3. Sample Preparation Procedure

11.3.1. Waters

11.3.1.1. Add surrogate solution to the sample to achieve aconcentration ofl100mg/L.

11.3.2. Sediments/soils and waste

11.32.1. Mix the contents of the sample container with a narrow metal or wood spatula. WeighS5 g

(wet weight) into a tarred culture tube. Use a top-loading balance. Record the weight to 0.01I
gram.

11.3.2.2. Quickly add 5 mnL of reagent water Add surrogate standard. Cap the vial and vortex to mix

for two minutes.

11.3.2.3. If extract is cloudy or has suspended sediment particles, refrigerate and allow sample to sit

for a maximum of 24 hours. Filter sample if necessary.

11.4. Sample Analysis

11.4 I Preliminary Evaluation

114.1. 1. The sample or sample extract is introduced to the GC column by direct inject techniques
The concentration of the sample components is then calculated from the resulting

chromatogramns.

11 4.2 Analytical Sequence - Refer to Section I I in the 80008 Section of this SOP.

11.4.3. Inject I pLd of the sample extract or diluted sample into the GC using thre same operating conditions

and techniques as those used in the calibration of the instrument.

11.5. Analytical Documentation

II 5.1. Record all analytical information in the analytical logbook/logsheet. including the analytical data

from standards, blanks, LCSs, MS/MSDs, and any corrective actions or modifications to the
method

11.5.2. All standards are logged into a department standard logbook. All standards are assigned a unique
number for identification. Logbooks arc reviewed by the supervisor or designee.

11.5.3. Documentation sttch as all associated instrument printouts (final runs, screens, reruns, QC

samples, etc.) and daily calibration data corresponding to all final runs is available for each data file.

12. DATA ANALYSIS AND CALCULATIONS

12.1 Refer to the 8000B section of this SOP for identification and quantitation of single component analytes

12.2. Surrogate recovery results are calculated and reported unless it is determined that sample interference

has adversely affected the quantitation of the surrogate. The surrogate must be within QC criteria

Corrective action is only necessary if the surrogate is outside of acceptance limits.
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13. METHIOD PERFORMANCE

13.1. Performance limits for the four replicate initial demonstration of capability are required as referenced
under Section 13.1 of the main body of this SOP.

14. POLLUTION PREVENTION

Refecr to section 14 of the 8000B section of this SOP.

15. WASTE MANAGEMENT

15.1. Waste generated in this procedure will be segregated and disposed according to the facility hazardous
waste procedures. The Environmental Health and Safety Director should be contacted if additional
inforimation is required.

16. REFERENCES

16.1. SW846, Method 801513, Noiihalogcriatcd Organics Using GC/FlD, Test Methods for Evaluating Solid
Waste, Third Edition, USEPA

I17. Miscellaiieous ('fables, Appendices, Etc...)

Table GI Non-halogenated Organic Compounds, Reporting LimitIs'

Reporting Limits

Co11pou~nd CAS NUmber

Water, Solid, mg/kg
____ ___ ____ ___ ___ ____ ___ ____ ___ ___ mg/L

2-Metlioxyethianol 109-86-4 1.0 1.0

Methanol 67-56-1 1.0 0.5

Isopropyl alcohol 67-63-0 1.0 0.5

n-Propyl alcoliol 71-23-8 1.0 0.5

Ethanol 64-I17-5 I .0 0.5

n-BLutanol 7 1-36-3 1.0 0.5

1,4-1Dioxane 123-91-I 1.0 0.5

Ethylene oxide 75-21-8 1.0 0.5

iso-Butanol 78-83-I 1.0 0.5

1f'saipI cs req ciire dilution or smaller Vol cimes than speci tied in this met~hod, the RL will be elevated
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Table GZ Non-halogenated Organic Compounds Working Standards

COMPOUND LEVL LEVEL2 LEVEL3 LEVEIL4 LEVEL5 LEVEL 6

2-ebxeh-o . . - . - 0. - 0. - 0

2Mtoxethanol 1.0 2.0 5.0 10.0 20.0 50.0

Methoylanohl 1.0 2.0 5.0 10.0 20.0 50.0

IsoPropyl alcohol 1.0 2.0 5.0 10.0 20.0 5.

Ehn-Poy lool 1.0 2.0 5.0 10.0 20.0 50.0

EBthanol 1.0 2.0 5.0 10.0 20.0 50.0

1I4-Dioxane I 0 2.0 5.0 10.0 20.0 50.0

Ethylene oxide 1.0 2.0 5.0 10.0 20.0 50.0

iso-Butanol 1.0 2.0 5.0 10.0 20.0 50.0
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I. Scope and Application

LI . This method is applicable to the determination of the concentration of Sulfolane and N-Methyl-2-
pyrrolidone in water and solid samples. It is based on SW846 Method 801 5B. The working linear range
is 5O to 1000 pg/L. Table I I lists the reporting limits associated with this method.

1.2. The ,applicable LIMS method code is KU.

2. Summary of Method

2.1. This method provides gas chromatographic conditions for the detection ofmig/L levels of Phillips 66
compounds in water. Prior to use of this method, appropriate sample extraction techniques must be
used.

3. Definitions

3.1. Refer to the glossary in the STL North Canton Laboratory Quality Manual (LQM), current version.

4. 11INTERERENCES

4Al. Refer to the method 8000B section of this SOP for genci al information regarding chromatographic
interferences.

5. SAFETY

5.1. Refer to section 5 of thie Method 8000B3 SOP for general safety requirements.

5.2. The health and safety hazards of many of thie chem ica Is used in this procedure have not been frilIly
deftined. Additional health and safety in format ion can be obtained from the Mater ial Safety Data Sheets
(MSDS) maintained in tlie laboratory. The following specific hazards are known:

5.2.1. Chemicals that have been classified as carcinogens, or potential carcinogens,tinder OSHA
include: Niethylene Chloride.

6. EQUIPMENT AND SUPPLIES

6.1. Referito Section 6 of the 8000B3 section of this SOP.

6.2. Gas Chromnatograph

6.2.1. Gas Chromiatograph: Modiftiedl ozaccept capillar-y columns

6.2.2. Data System: Capable of peak integration

6.2.3. Gias Chromatographic Column: 30 inx 0.32mmnn ID RTX-5 fused silica capillary Column

6.2.4. AutosaImpler Capable of reproducible injections

6.2.5. Carrier Gas: Ilydrogen

6 26. Detector: Flame cionization (FD)
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6.3. Volumetric Flasks: 10, 50, and I100 mL

6.4. Microsyringe: 10 ttL

6.5. Pipettes: Disposable liL, Pasteur

6.6. Autosampler Vials: I ml- with I I mm crimp cap, Teflon®/silicone septum liner

7. REAGENTS AND STANDARDS

7.1. Refer to Section 7 of the 8OOOB section of this SOP.

7.2. Reagents

7 2 1. Methylene Chloride: Pesticide grade or equivalent

7.3 Standards

7.3.1. Refer to Section 7 of the 8000B section of this SOP.

8. SAMPLE PREPARATION, PRESERVATION AND STORAGE

8 I Refer to Section 8 of the 8000B section of this SOP.

9. QUALITY CONTROL

9.1. Refer to Section 9 of the 8000B section of this SOP for quality control requirements, including the initial
demonstration of capability, definition of a batch, surrogate limits, method blanks, laboratory control

samples (LCS). and matrix spikes (MS).

9.2. Surrogates are not used for this analysis.

10. CALIBRATION AND STANDARDIZATION

10.1. Initial Calibration

10.1.1 Refer to Section 10 of the 8000B section of this SOP for general calibration requirements.

II. PROCEDURE

11.1 Refer to the method 80008 section of this SOP for procedural requirements.

11.2. Sample Analysis

11 2.1 Summary

11.2.1.1. The sample extract is injected onto the GC column The compounds are then identified and

quantitated

11.2.2. Recomnmended InstrumentConditions
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I11.2.2.1, GC Conditions

Initial Temperature: 450C
Initial Hold Time: 4 minutes
Temperature Program: I 50C/minutc
Final Temperature: 3000 C, hold 2 minutes
Final Time: 23 minutes
Carrier Gas: Hydrogen
Injection Volumne: I ~il-

11.2.3. Sample Analysis Procedure

11.2.3.1. Preliminiary Evaluation

The sample extracts may be screened to determine the level of analyte
present. If the level of analyte exceeds the working range of the
calibration curve, an appropriate dilution is perfornied to bring the level
within the calibration range.

11.2.4. Inject I tL- of the sample extract or dilutred sample into thle GC usi ng the samec conditions as those
Used in calibration.

11.2,5. Identification

11.2.5.1. Analytes of'interestare ident~if-iedby comiparing retention timieswith known standards

11.2.5.2. A siniglecoltrim n is used f'or identif-icationl.

11.2.6. Samnple Quantification

11.2.6.1. Refer to Section I I fin the 80008 Section of this SOP

11.3. Analytical Documentation

11.3.1. Record all analytical information in the analytical logbook/logshecet, including the analytical data
from standards, blanks, L-CSs, MS/MSDs, and any corrective actions or modifications to the
met hod.

11.3.2. All standards are logged into a department standard logbook All standards are assigned a Unique
number for identification. Logbooks are reviewed by the supervisor or designee.

11 .3.3. Docume ntation such as all associated instrument pr intouits (final ruLns, screens, rer'Uns, QC
samples, etc.) and daily calibration data corresponding to all final ruLns is available for each data file.

12. DATA ANALYSIS AND CAL~CULATIONS

12.1. Refer to the 8000B section of'this SOP for identification and quarntiation of single component analytes.
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13. METHOD PERFORMANCE

13.1. Performance limits for the four replicate initial demonstration of capability are required as referenced

under Section 13.1 of the main body of this SOP.

14. POLLUTION PREVENTION

14.1. Refer to section 14 of the 8000B section of this SOP.

IS. WASTE MANAGEMENT

15.1. Waste generated in this procedure will be segregated and disposed according to the facility hazardous
waste procedures. The Environmental Health and Safety Director should be contacted if additional

information is required.

16. REFERENCES

16.1. SW846, Method 80! 5B, Nonhalogenated Organics Using GC/FID, Test Methods for Evaluating Solid

Waste, Third Edition, USEPA

17. Miscellaneous (Tables, Appendices, Etc...)

17.1. Reporting limits

17.1.1. The lower reporting limils are shown in Table Hi

17.1.2. If samples require dilution or smaller volumes than specified in this method, the RL will be

elevatedc.

TABLE HI
PHILLIPS 66 REPORTING LIMITS

Compound I Reporting Limits, pgg/L

Tetramethylene sulfone (Sulfolane) 50

N-Methyl-2-pyrrolidone 50
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SCOPE AND APPLICATION

This SOP describes procedures for preparation (extraction and cleanup) of
semnivolatile organic analytes in aqueous, TCLP leachate, and soil matrices for
analysis by Gas Chromatography (OC) and Gas Chromatography / Mass
Spectrometry (GC/MS). The procedures are based on SW-846 and 600 series

methodology and are applicable for measurements made to comply with the

Resource Conservation and Recovery Act (RCRA) and for wastewater testing.

I.1. Extraction proccdures for the following determinative methods are covered:

SOSI1A, 8082, 814 1A, SiSI1B, 8270C, 8310, SO1SB, 8100, 608, 6 10, and 625

1.2. The extraction procedures here may be appropriate for other determinative
methods when appropriate spiking mixtures are used.

1.3. Othcr extraction procedures (PEE, SPE, accelerated Soxhlet, etc.) may be
used but are not currently covered in this SOP.

1.4. The applicable LIMS method codes are: P2 (8141A), QJ (8081A), QS
(8151A), QL (8270C), SC (8310), DM (608), VT (610), DP (625), Al
(8100), H-S (8015B3)

2. SUMMARY OF METHOD

2.1 Separatory Funnel Extraction

A measured volume of sample, typically I liter, is adjusted, if necessary, to a
specified pH and serially extracted with methylene chloride using a separatory
funnel.

2.2.Continuous Liquid/Liquid Extraction

A measured volume of sample, typically 1 liter, is placed into a continuous
liquid/liquid extractor, adjusted, if necessary, to a specific pH and extracted with
methylene chloride for 18-24 hours.

2.3.Sonication Extraction

A measured weight of sample, typically 30 g, is mixed with anhydrous sodium
sulfate to form a free flowing powder. This is solvent extracted three times using
an ultrasonic horn.

2.4. Soxhlet Extraction (Accelerated and Traditional)

A 30 g sample is mixed with anhydrous sodium sulfate to form a free flowing
powder. This is extracted with refluxing solvent.

2.5.Cleanup and Concentration
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Procedures arc presented for removing interferents from sample extracts, and for
drying and concentration of the extract to final volume for analysis.

2.6. Phenoxy acid herbicide extractions
Procedures for the extraction and cleanup of phenoxy acid herbicides are
presented in Appendix A.

3. DEFINITIONS
Definitions of terms used in this SOP may be found in the glossary of the STL North
Canton Laboratory Quality Manual (LQM), current version

4. INTERFERENCES

4.1. Method interferences may be caused by contaminants in solvents, reagents,
glassware, and other processing apparatus. All these materials must be routinely
demonstrated to be free from interferences under conditions of the analysis by
running laboratory method blanks as described in the Quality Control section.
Specific selection of reagents may be required to avoid introduction of
contaminants.

4.2. Visual interferences or anomalies (such as foaming, emulsions, odor, etc.) must
be documented.

5. SAFETY

5. 1. Employees must abide by the policies and procedurcs in the Corporate Safety
Manual, Radiation Safety Manual, Lab Specific Addendum to the CSM, and this
document.

5.2. Eye protection that protects against splash, laboratory coat and appropriate gloves
must be worn while samples, standards, solvents and reagents are being handled.
Disposable gloves that have become contaminated will be removed and

discarded, other gloves will be cleaned immediately. Viton gloves may be worn
when halogenated solvents arc used for extractions or sample preparation. Nitrile
gloves may be used when other solvents arc handled. [Note: VITON is readily
degraded by acetone]. When good manual dexterity is needed, for example,
when handling smnall quantities/containers, disposable gloves (such as latex or N-
DEX®) shall be used. While these gloves protect against splashes, they give little
or no protection against contact with large quantities of solvent, and no protection
against spills or immersion.

5.3. The following analytes have been tentatively classified as known or suspected,
human or mammalian carcinogens: benzo(a)anthraeene, benzidine,
3,3dichlorobenzindine, benzo(a)pyrene, alpha-13H-C, beta-BF-IC, ganmma-1RH-C,
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delta-BHC, dibenz(a,h)anthracene, N-nitrosodimethylaminc, 4,4'-DDT, and
polychiorinated biphenyl compounds. Primary standards of these toxic
compounds should be prepared in hood.

5.4. The following is a list of the materials used in this method, which have a serious
or significant hazard rating. NOTE: This list does not include all materials used
in the method. The table contains a summary of the primary hazards listed in the
MSDS for each of the materials listed in the table. A complete list of materials
used in the method can be found in the reagents and materials section.
Employees must review the information in the MSDS for each material before
using it for the first time or when there arc major changes to the MSDS.

Material Hazards Exposure Signs and symptoms of exposure
(1) Limit (2)

Methylene Carcinogen 25 ppm- Causes irritation to respiratory tract. Has a strong
Chloride Irritant TWA narcotic effect with symptoms of mental

125 ppm- confusion, light-headedness, fatigue, nausea,
STEL vomiting and headache. Causes irritation, redness

and pain to the skin and eyes. Prolonged contact
can cause bums. Liquid degreases the skin. May

____________ be absorbed through skin.

S~odium Co-rrosive 2 -ppm, This material will cause bums if comes into
Hydroxide Poison 5 mg/in 3 contact with the skin or eyes. Severe irritant.

Effects from inhalation of dust or mist vary from
mild irritation to serious damage of the upper

2 Mg/M3- respiratory tract, depending on severity of
Ceiling exposure. Symptoms may include sneezinig, sore

throat or runny nose. Contact with skin can cause
irritation or severe bums and scarring with greater
exposures. Causes irritation of eyes, and with
greater exposures it can cause bums that may
result in permanent impairment of vision, even
blindness.

Sulfuric -Corrosive IT77/M This material will cause bums if comes into
Acid (I) Oxidizer contact with the skin or eyes. Inhalation of vapors

Dehydrator will cause irritation of the nasal and respiratory
Poison system. Symptoms may include irritation of the
Carcinogen nose and throat, and labored breathing.

Symptoms of redness, pain, and severe burn can
occur. Contact can cause blurred vision, redness,
pain, and severe tissue bums. Can cause

____ ____ __ _ ____ ____ blindness.
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Acetone Flammable 1 000 ppm- Inhalation of vapors irritates the respiratory tract.
TWA May cause coughing, dizziness, dullness, and

headache.

Acetonitrile Flammable 40 ppm- Early symptoms may include nose and throat
Poison TWA irritation, flushing of the face, and chest tightness.

Prolonged exposure to high levels of vapors may
cause formation of cyanide anions in the body.

Flammable 500 ppm- Inhalation of vapors irritates the respiratory tract.
H exane Irritant TWA Overexposure may cause lightheadtedness, nausea,

headache, and blurred vision. Vapors may cause
_____________ ~irritation to the skin and eyes.

I- Always add acid to water to prevent violent reactions.
2 - Exposure limit refers to the OSH-A regulatory exposure limit.

5.5. Exposure to hazardous chemicals Must be maiiitained as low as reasonably
achievable, therefore, unless they are known to be non-hazardous, all samples
should be opened, transferred and prepared in a flume hood, or under other means
of mechanical ventilation. Solvent and waste containers will be kept closed
unless transfers are being made.

5.6. The preparation of standards and reagents and glassware cleaning procedures that
involve solvents such as methylene chloride will be conducted in a fumne hood
with the sash closed as far as the operations will permit. Use ofmnethylene
chloride for glassware cleaning should be avoided as far as possible. If more than
500 nl- of Methylene chloride is spilled, evacuate thle area until thle area has been
cleaned by EH-&S.

5.7. All work must be stopped in the event of a known or potential compromise to the
health and safety of a STL North Canton associate. The situation must be
reported immediately to a laboratory Supervisor.

5.8. During Kuderna-Danish (KD) concentration, do not allow the extract to boil to
dryness. The solvent vapors remaining in the KD) apparatus may superheat and
create an explosion or tire hazard. The KD) apparatus and glass separatory
funnels have ground glass joints which can becomec stuck. Technicians must use
Kevlar or other cut/puncture resistant gloves when separating Stuck joints.
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5.9. 3 5 10 Separatory Funnel

5.9.1 . The use of separatory funnels to extract aqueous samples with Methylene

Chloride creates excessive pressure very rapidly. Initial venting should be

done immediately after the sample container has been sealed and inverted,

periodic venting may be necessary during the extraction. Vent the funnel
into the hood away from people and other samples. This is considered a

high-risk activity, the use of a face shield over safety glasses or goggles is

recommended. Keep the sash on the fume hood as low as reasonably
possible.

5.10o.3520 Extraction Cont Liq/Liq

5.10.1. All personnel are tocensure liquid-liquid area is clear of unnecessary items.

Heating mantles used with liquid- liquid extractions generate temperatures

that could ignite some materials that come in contact with the heating
mantles.

5 10.2. Ensure all solvents are away from liquid-liquid extractor. Increased
temperatures near solvents can cause the pressure in the containers to

increase.

5.10.3. Ensure all boiling flasks have cooled to room temperature before
disconnecting liquid-liquid bodies from boiling flasks to prevent any burns.

6. EQUIPMENT AND SUPPLIES

6.1. Glassware should be cleaned with soap and water, rinsed with water and dried in
an oven at 4000C for at least 2 hours. Alternatively the glassware can be solvent
rinsed with acetone or methanol followed by methylene chloride after the water
rinse.

6.2. Equipment and supplies for extraction procedures

EQUIPMENT AND SUPPLIES SepCfun. CLL

Separatory Funnel: 2 L
Separatory Funnel Rack
Balance: >1400 g capacity, accurate ±1 g4
pH indicator paper, wide-range: covers extraction pH44

Graduated cylinder: I liter. (other sizes may be used)44
Erlenmeyer Flask or Fleaker: 125 & 300 rot, (other sizes optional)44

Centrifuge4- - -

Auto-Shaker4
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EQUIPMENT AND SUPPLIES Sep fuin CLLE Son, Sox Cone
NMcthylenc Chloride Collection Tank44
Solvent Dispenser Pump or 100 mL Graduated Cylinder 44
Continuous Liquid/Liquid Extractor4
Round ornfat Bottom: 250, 500 mL or I L4
Boiling Chips: Contaminant free, approximately 10140 miesh44 4
('leflon®~ PTFIL, carbide or equivalent).
Cooling Condensers44
Heating Mantle: Rheostat controlled44
Auto-timner for heating mantle44
Beakers: 250 & 400 rilL, graduated4
450nnL wide-mouth glass jars4
Balance: >I 00 g capacity, accurate ±0.1I g4 4
Soxhiet Extractor4

Cellulose and Glass Thimbles4
Accelerated Soxhiet Extractor (Soxtberm-trade name)4
Sonicator (at least 300 watts)4
Sonicator horn, 3/4 inch4
Kudcrna-Danish (K-D) Apparatus: 500 mnL
Concenitrator Tube: 10 niL, attached to K-I) with clips N4
Snyder Column: 'r-hree-ball mnacro4
Water Bath: Ilcaited, withconicentric rinigcover, capaible of4
teprtclPlUt contro~l (±50C) ulpto950 C. 'The bathnimist beUseduina
hood or with a solvent recovety system.
Turbo Wap1) I
Turbo yap Tube: 200rnL capacity
Vials: Glass, 2 muL, 4 miL, and IC niL- capacity with Tellon®z-hled4
Screw-cap
Nitrogen B~lowdown Apparatus4
Nitrogen: teagent giode.4
Culture tubes:I 0 niL, 16 mmnx I100 rom4

Syringe: I niL d44-
Phase Separation Paper44 4 4
Glass Wool 44 4
Glass Funnel: 75 X 75 'ana44 4 4 4
Disposable Pipets44 4 4 4
Aluminum foil44 4 4 4
Paper Towels44 4 4 4
Wrist Shaker
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6.3. Equipment and Supplies for Cleanup Procedures

EQUIPMENT AND SUPPLIES GPC Floristd Sulfur Acid A/B FC

Gel permeation chromatography system (J2 Scientific Accuprep4
System)
Bio Beads: (S-X3) -200-400 mesh, 70 gm (Bio-Rad Laboratories,
Richmond, CA, Catalog 152-2750 or equivalent).

Chromatographic column: 700 mm x 25 mm ID glass column. 4
Flow is upward

Ultraviolet detector: Fixed wavelength (254 nim) and a semi-prep 4
flow-through cell.

Strip chart recorder, recording integrator, or laboratory data4
system.
Syringe: I10 mL with Luerlok fitting.4
Syringe filter assembly, with disposable 5 urn filter discs, Millipore4

No. LSWP 0 1300 or equivalent.

Chromatographic column: 250 mm long x 10min ID, with Pyrexs
glass wool at the bottom and a Teflon stopcock (for silica gel cleanup).

Vacuum system for eluting multiple cleanup cartridges. Supelco (or4
equivalent). The manifold design must ensure that there is no contact
between plastics containing phithalates and sample extracts.

Vacuum trap made from a 500 mL sidearm flask fitted with a one-4
hole stopper and glass tubing.

Vacuum pressure gauge.
Rack for holding 10 mLd volumetric flasks in the manifold. ___ ___

Mechanical shaker or mixer: Vortex Genie or equivalent.4 4
Separatory Funnels with Ground-Glass Stoppers 250 mL4

Erlenmeyer Flasks: 125 mL4

Disposable Pipets44 4 4 V
Culture tubes: IO mL, 16 minxlOO0 mm 4 44 4 4 V-

7. REAGENTS AND STANDARDS

7. 1 Reagents for Extraction Procedures

All reagents must be ACS reagent grade or better unless otherwise secified.

REAGENTS Sep tunl CLLF soni Sox Colic

Sodium hydroxide (NaOH), Pellets: Reagent Grade44

Sodium hydroxide solution, IO N: Dissolve 40 g of NaOH in 44
reagent water and dilute to I100 mL.

Sulfuric acid (142S04), Concentrated Reagent Grade44

Sulfuric acid (1:1I): Carefully add 500 inL of F-12S04 to 500 mLt of 44
reagent water. Mix well. _____
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REAGENTS Sep fin. CLLE Soni Sox Conec

Hydrochloric Acid (HCI)
Organic free reagent water. V
Sodium sulfate (Na 2SO4), Granular, Anhydrous: Purify by heating V V V V
at 4000 C a mininimum of two hours.
Extraction/Exchange Solvents: Methylene chloride, hexane, V V V V
acetonitrile, acetone, pesticide quality or equivalent
Acetone: Used for cleaningVV V V V

7.2. Reagents for Cleanup Proceduics

REAGENTS GPC Florisil Sulfur Acid A/B FC

Florisi: :500 ing or I g cartridges with stainless steel or Teflon fritsV
(calalog 694-313, Analytichern, 24201 Frampton Ave., Harbor City,
CA, or equivalent.)

Mercury: triple distilledV
Tetrabu~tylamnmonium hydrogen sulfateV
Sodium sulfiteV
Tetrabutylanmmoniurn (TB3A) sulfite reagent: Prepare reagentV
by dissolving 3 39 g ofTctrabutylarrmon11ifum hydrogen sulfate in 100
nil- organic- fice reagent water. Extract ti is solution 3 thimes with 20 nil-
portions of hexane. Discard the hexane extracts. Add 25 g sodium
SuLfite to the water Solution.
2-PropariolV
Nitric acid: INV
Copper powder: itemove oxides (if powder is dark) by treating withV
1 N niUric acid, rinse with organ ic-firee reagent water to remove afl traces
of acid, rinse with acetone, and diry Under a streamn of' nitrogen
Sulfuric acid, ConcentratedV
Sodium hydroxide, PelletsV
Sodium hydroxide, ION: Dissolve 40 gof NaOH in 100 n-d-of
reagent water
Sulfuric acid (H-2S04), Concentrated: Reagenit GradeV

Sulf(uric acid (I : I): Careflully add 500 nil- of Hf2S04 to 500 nil- ofV
reagent water. Mix well.
Fluorocarbon: PE-5OSO, 3Ad -V

7.3. Standards

7.3. 1 Stock Standards

Stock standards are purchased as certified Solutions or prepared fr-om necats.
Sernivolatile stock standards are stored at < 60 C. All stock standards must
be protected from light. Stock standard solutions must he replaced after
one year (firomr the timne of preparation, if prepared in house, or from the
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time the ampoule is opened if purchased.) Standards must be allowed to
come to room temperature before use.

7.3.2.Surrogate Spiking Standards

Prepare or purchase surrogate spiking standards at the concentrations listed
in Table 5. Surrogate spiking standards are purchased or prepared as
dilutions of the stock standards. Surrogate spiking solutions must be
refrigerated and protected from light. The standards must be replaced at
least every six months or sooner if there is reason to believe that the
standard has degraded or concentrated.

7.3.3. Matrix Spiking and Laboratory Control Spiking Standards.

The same spiking solution is used for the matrix spike and the Laboratory
Control Sample. Prepare MS/LCS spiking standards at the concentrations
listed in Table 6. Spiking standards are purchased or prepared as dilutions
of the stock standards. Spiking solutions must be refrigerated and protected
from light. The standards must be replaced at least every six months or
sooner if there is reason to believe that the standard has degraded or
concentrated.

7.3.4. GPC calibration solution - prepare or purchase a solution in methylene
chloride that contains the following analytes in the concentrations listed
below:

Analyte Jmg/mL
Corn Oil 2.
Bis (2-ethylhexl hhlt .
Methoxychlor 0.2
Perylene 0.02

Sulfur 0.08

NOTE: Sulfur is not very soluble in methylenc chloride, however,
it is soluble in warm corn oil. Therefore, one approach is to weigh
out the corn oil, warm it, and transfer the weighed amount of sulfur
into the warm corn oil. Mix it and then transfer into a volumnetric
flask with niethlvene chloride, along with the other calibration
compounds. This standard has a lifetime of 6 months.

8. SAMPLE COLLECTION PRESERVATION AND STORAGE

8. 1. Samples are not chemically preserved.

8.2. Samples are stored at 40C ± 20C in glass containers with Teflon®-lined caps.
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8.3. Holding Times

8.3.1 Extraction is initiated within 7 days of the sampling date for aqueous samples,
14 days for solid and waste samples.

8.3.2 For TCLP leachates, extraction is initiated within seven days from when the
TCLP Leach tumbling has been completed, excluding the filtration step. If the
filtration step requires extended times, this time counts as part of the seven day
holding time.

8.3.3.Analysis of the extracts is completed within forty days of extraction,

9. QUALITY CONTROL

9.1. Quality Control Batch

9.1.1. The batch is a set of up to 20 samples that are of the same matrix and
are processed together using the same procedures and reagents. Thle
batch must contain a method blank, an LCS and a matrix spike / matrix
spike duplicate. (in some eases, at client request, it may be appropriate
to process a matrix spike and sample duplicate in place of the MS /
MSD). Ifeclients specify specific samples for MS/MSD, the batch may
contain multiple MS/MSD. See policy QA-003 for further definition
of the batch.

9.2. Definition of matrix

9.2.1. The possible matrix types arc aqueous, soil, waste and TCLP leachate.

9.3. Insufficient Sample

9.3.1. If insufficient sample is available to process a MS/MSD, then a second
LCS must be processed. The LCS pair is then evaluated according to
the MS/MSD criteria. Use of a LCS pair in place of a MS/MSD must
be documented.

9.4. Sample Count

9.4.1. Laboratory generated QC samples (method blanks, LCS, MS/MSD)
arc not included in thle sample count. Field samples are included.

9.5. Method Blank
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9.5.1. A method blank consisting of all reagents added to the samples must
be prepared and analyzed with each batch of samples. Surrogates are

spiked into the method blank at the same level as the samples. The
method blank is used to identify any background interference or

contamination of the analytical system which may lead to the reporting
of elevated concentration levels or false positive data.

9.5.2. Aqueous Method Blanks use 1 000 mL of reagent water spiked with the

surrogates. The method blank goes through the entire analytical
procedure, including any cleanup steps.

9.5.3. Solid method blanks use 30 g of sodium sulfate spiked with the
surrogates. The method blank goes through the entire analytical
procedure, including any cleanup stcps.

9.5.4. TCLP method blanks usc 250 mL of leachate fluid (1 00 mL for
herbicides) spiked with the surrogates. The leachate may optionally be
diluted to 1 000 mL with reagent water. The method blank goes through
the entire analytical procedure, including any cleanup steps.

9.6. Laboratory Control Sample (LCS)

9.6.1. Laboratory Control Samples are well-characterized, laboratory
generated samples used to monitor the laboratory's day to day
performance of routine analytical methods. The LCS, spiked with a
group of target compounds representative of the method analytes, is

used to monitor the accuracy of the analytical process, independent of
matrix effects. On-going monitoring of the LCS results provides

evidence that the laboratory is performing the method within accepted
QC guidelines for accuracy and precision. The LCS goes through the
entire analytical procedure, including any cleanup steps.

9.6.2. The LCS is made up in the same way as the method blank (See sections
9.5.1 - 9.5.4) but spiked with the LCS standard and the surrogates.

9.7. Surrogates

9.7.1. Surrogates are organic compounds which are similar to the target analyte(s)
in chemical composition and behavior in the analytical process, but which

are not normally found in environmental samples.

9.7.2. Each applicable sample, blank, LCS and MS/MSD is spiked with surrogate
standards. Surrogate spike recoveries must be evaluated by determining
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whether the concentration (measured as percent recovery) falls within the
required recovery limits.

9.7. Matrix Spike/Matrix Spike Duplicate (MS/MSD)

9.7.1. A matrix spike is an environmental sample to which known
concentrations of target analytes have been added. A matrix spike
duplicate is a second spiked aliquot of the same sample which is
prepared and analyzed along with the sample and matrix spike.

9.8. Initial Demonstration of Capability

9.8.1. The initial demonstration and method detection limit studies described
in section 13 must be acceptable before analysis of samples may begin.

9.9. Quality Assurance Summaries

9.9.1. Certain clients may require specific project or program QC which may
Supersede these method requirements. Quality Assurance Summaries
(QAS) should be developed to address these requirements.

9.10. STL North Canton QC Program

9.10.1. Further details of QC and corrective action guidelines are presented in
the STL North Canton QC Program document (QA-003). Refer to this
document if inl doubt regarding corrective actions.

10. CALIBRATION AND STANDARDIZATION
10.1. On a weekly basis, measure 1.0 ml- of solvent into an aultovial using a

gastight syringe that is manufactured to a certified volume delivery tolerance of
+0.01I mL (IrnL total volume). The "standard" autovial is seatled and the top and
bottom of the meniscus are marked. The autovials containing the sample extracts
are then compared against the "standard" vial to ensure that the final volume is
consistently 1.0 ± 0.01 mL. If a new box of autovials arc used, then the steps arc
repeated to further ensure that variations due to vial size and shape arc mlinimized.
A log is kept of the lot number of the vials and the day the vials were prepared.

10.2. Refer to section 1. 15. for calibration of the GPC. Otherwise this section is
not applicable.
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11. PROCEDURE
Procedures for separatory funnel liquid/liquid extraction (1 1.2), continuous
liquid/liquid extraction (1 1.4), sonication extraction (1 1.5), soxhlet extraction (1 1.6),

accelerated soxhlet (1 1.7), waste dilution (1 1.8), extract concentration (1 1.9), and

extract cleanup ( 1. 19) are presented in this section.

I11 .1. Procedural Variations

Procedural variations are allowed only if deemed necessary in the professional

judgment of the supervisor to accommodate variation in sample matrix,
radioactivity, chemistry, sample size, or other parameters. Any variation in
procedure shall be completely documented using a Nonconformance memo and

approved by a super-visor and QAIQC manager. If contractually required, the

client will be notified. The Nonconformance memo will be filed in the project
file.
Any deviations from this procedure identified after the work has been completed
must be documented as a nonconformance, with a cause and corrective action

described. A Nonconformance memo shall be used for this documentation.

11.2. Separatory Funnel Liquid/Liquid Extraction of Water Samples.

A flow chart for this procedure is included in Section 17.

11.2.1. Measure the initial sample pH with wide-range pH paper and record on the

extraction benchsheet. If sample is a leachate (e.g. TCLP), compare the
current pH against leachate log, note on the benchsheet if there is any
discrepancy.

1 1.2.2. The normal sample volumei is I liter. Other sample volumes may be used
to obtain specific reporting limits, and reduced sample volumes, diluted to

I liter with reagent water, may be used for very dirty samples.

11.2.3. Weigh the sample container on a balance (I I g), taring the sample and
container. Transfer the sample to the separatory funnel. . Add the
appropriate volume of surrogate spiking solution (see Table 3). Also add

appropriate volumne of matrix spiking solution to any matrix spike / matrix
spike duplicate samples (see.Table 4) Mix well. Rinse the sample bottle

with 60 mL methylene chloride and transfer to the separatory funnel.
Reweigh the container. Assume a density of I g/mL and record the
difference as the sample volume on the benchsheet to the nearest milliliter.

Note: Aqueous samples must be determined volumetrically for Ohio VAP

samples.

Warning: Dichlioromethane creates excessive pressure very rapidly! Therefore,

initial venting should be done immediately after the sample container has been

sealed and inverted. Vent into hood away from analysts and other samples.
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11.2.3.1 I.f the entire sample bottle will not be used, transfer the aliquot to the
separatory funnel, then add the spiking solutions to the sample in the
separatory funnel.

Note: Alternative methods of measurement of sample volume include
a) transferring the sample to a measuring cylinder and b) marking a meniscus
on the sample bottle and then measuring the volume of water required to fill
the bottle to the meniscus after the sample is transferred. The former method
is not recommended because of the risk of cross contamination while the
latter is not recommended because of poor accuracy. However, either
method may be necessary for specific client programs.

1 1.2.4. Prepare a method blank, LCS and MS/MSD for each batch as specified in
section 9 of this SOP. Use I L of reagent water for method blanks and
LCS. The LCS is spiked with the surrogate and matrix spike solutions, the
method blank only with the surrogates.

11.2.5. Use 250 rnL of leachate for TCLP pesticides and TCLP semivolatiles,
measured in a graduated cylinder. An alternative method would be to tare
400n-1 beaker on the balance and then add 250g to the beaker. Assume a
density of Ilg/mL- and record the volume on the benchsheet. The leachate
may be made uIP to I L in volume with reagent water.

1 1.2.6. For a TCLP method blank, LCS and LCS Dup me~asure 250 nl- of the
buffer solution used in the leaching procedure and transfer to the separatory
fuLnnel. Add 60 mnL of n-ethylene chloride to the separatory funnel. Thle
TCLP leachate may be diluted to approximately I liter before extraction if
desired.

1 1.2.7. Adjust sample pH as indicated in Table I for the initial extraction. Use the
mniinimum amount of 1: I H2S04 or IO N NaOH necessary. Recheck the
sample with pH paper by dipping a disposable pipette into the sample and
wetting the pH paper. Record adjusted pH, spiking volumes and standard
numbers on the benehsheet. Return spiking solutions to the refrigerator as
soon as possible.

11.2.8. Seal and shake or rotate the separatory funnel vigorously for 2 minutes
with periodic venting to release excess pressure. An autoshaker may be
used to shake and rotate the separatory funnel.
Warning: Diehioromethane creates excessive pressure very rapidly!
Therefoic, initial venting should be done immediately after the separatory
funnel has been scaled and inverted. Vent into hood away from analysts
and other samples.

1 1.2.9. Allow the organic layer to separate from the water phase until Complete
visible separation has been achieved (approximtately 10 minutes). If the
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emulsion interface between layers is more than one-third the size of the
solvent layer, the analyst must employ mechanical techniques to complete
the phase separation. The optimum technique depends upon the sample
and may include stirring, filtration of the emulsion through glass wool,
centrifuigation, or other physical methods. If the emulsion cannot be broken
(recovery of <80% of the methylene chloride*), transfer the sample,
solvent, and emulsion into the extraction chamber of a continuous extractor
and proceed as described in continuous liquid-liquid extraction (Section
1 1.4.). If this is done, the sample must be extracted as part of a valid CLLE
batch.
*Note: 15 -20 mL of methylene chloride is expected to dissolve in 1 L of

water. Thus, solvent recovery could be as low as 35 mL from the first

shake and still be acceptable. Subsequent shakes should recover at least 50

mL of solvent.

1 1.2.l0 .Fill a funnel with 10-20 g of anhydrous sodium sulfate. The funnel can be
plugged with glass wool or filter paper may be used to hold the sodium
sulfate. Drain the solvent extract from the separatory funnel through the
prepared filtration funnel into a clean glass container. The extract may be
drained directly into the KD flask. Close the stopcock just before the water
level begins draining out of the separatory funnel. If the sodium sulfate
becomes saturated with water add more to the funnel or replace the existing
sodium sulfate with fresh drying agent.

1 1.2.11 lRepeat the extraction process two more times using fresh 60 mL portions
of solvent, combining the three solvent extracts in the collection container.

11l.2.12.lf extraction at a secondary pH is required, adjust the pH of the sample in
the separatory funnel to the pH indicated in Table 1 with a minimum
amount of 10 N NaOH or 1:1I H2504. Measure with pH paper and record
the adjusted pH on the benchsheet. Serially extract with three 60 mL

portions of inethylene chloride, as outlined in Steps 11.2.7 to 1 1.2.9.
Collect these three extracts in the same container used for the previous
fraction.

I11.2. 13.Rinse the extract residue from the sodium sulfate by pouring 20-30 ml, of
clean methylene chloride through the funnel and into the collection
container.

I11,2. 14.Dispose of solvent and water remaining in the extractor into the
appropriate waste container.

1 1.2.15.Cover with aluminum foil if the extract is not concentrated immediately.
Refer to Section 1 1.9 for concentration and Section 1. 12 for cleanup.
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11.3. Short-Term Continuous Liquid-Liquid Extraction

1 1.3. 1. Extraction personnel must first determnine if one liter of sample exists in
the sample bottle.

11.3.2. Mark the meniscus on the side of the sample bottle for later determination
of sample volume.

11.3.3. Add 225 mL methylene chloride to the extractor, turn stopcock to the open
position. Connect extractor to a 250 ml boiling flask with boiling chips.

11.3.4. Check the pH of the sample and adjust, if necessary, using 1: I1-12S04 or
I ON sodium hydroxide. Quantitatively transfer the sample from the
sample bottle to the extractor. *Rinse the sample bottle with 60-mI of
inethylene chloride. Pour the rinsate from the sample bottle into the continuous
extractor.

11.3.5. Adjust the volume of solvent in the boiling flask by adding reagent water
to the extractor, if necessary.

11.3.6. Next, fill the sample bottle to the mark with reagent water. Pour the
reagent water into a graduated cylinder. Measure the reagent water to ± 10
ml] and document this sample volume11 Onl the extraction bcnchishct.

11.3.7. Add the appropriate voIlume1 of'surrogate to each sample and spiking
Solutions to the MS, MSD, LCS, and/or LCSD in the extractor and mix
well.

11.3.8. Extract samples for 12 hours. 8270 extractions will still be performed in
two pH extraction steps. Each step will run 6 hours, however, where
timing is a factor the samples may be left to extract for longer than 12 hours.

1 1.3.9. Turn stopcocks to the closed position.

11.3.1 0. Allow the extractors to run another 5 m1inutes, then turn off the
rheostats and mantles.

11.3.1 1. The samples will macro concentrate in the CLLE. After the flasks
have cooled, continue to concentrate the extracts by KD or QES
methodology.

1 1.3.12 This method of extraction cannot be used for method 625, 6 10 or 608.
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11 .4 Continuous Liquid/Liquid Extraction from Water Samples.

A flow chart for this procedure is included in Section 17.

11.4.1. Assemble the apparatus. Add 250-400mL of methylene chloride to
the extractor body. Add 3 to 5 boiling chips to the round-bottom
distilling flask.

11.4.2. Measure the initial sample pH with wide-range pH paper and record
on the extraction benchsheet. If sample is a leachate (e.g. TCLP),
compare the current pH against leachate log, note on the benchsheet
if there is any discrepancy.

11.4.3. Weigh the sample container on a balance (± I g), taring the sample
and container. Transfer the sample to the continuous liquid/liquid
extractor. Add the appropriate volume of surrogate spiking solution
(see Table 3). Also add appropriate volume of matrix spiking
solution to any matrix spike / matrix spike duplicate samples
(see.Table 4) Mix well. Rinse the sample bottle with 60 mL
methylene chloride and transfer to the continuous liquid/liquid
extractor. Reweigh the container. Assume a density of I g/mL and
record the difference as the sample volume on the benchsheet to the
nearest milliliter.

Note: Aqueous samples must be determined volumetrically for Ohio VAP
samples.

Warning: Dichiorornethane creates excessive pressure very rapidly! Therefore,
during the rinse for 600 series methodology venting should be done immediately
after the sample container has been scaled and inverted. Vent into hood away
from analysts and other samples.

11.4.3. 1. If the entire sample bottle will not be used, transfer the aliquot to the
extractor, then add the spiking solutions to the sample in the extractor.

Note: Alternative methods of measurement of sample volume include: a.)
transferring the sample to a measuring cylinder and b.) marking a meniscus on
the sample bottle and then measuring the volume of water required to fill the
bottle to the meniscus after the sample is transferred. The former method is not
recommended because of the risk of cross contamination while the latter is not
recommended because of poor accuracy. However, either method may be
necessary for specific client programs.

I 1.4.3.2. Prepare a method blank, LCS and MS/MSD for each batch as specified
in Section 9 of this SOP. Use I L of reagent water for method blanks
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and ECS. The method blank is spiked with the surrogates, the LCS and
matrix spikes with the surrogates and matrix spiking solutions.

II 1.4.3.3.Use 2SOmL of leachate for TCLP for TCLP semnivolatiles and TCLP
pesticides measured in a graduated cylinder. An alternative method
would be to tare 400ml beaker on the balance and then add 250g to the
beaker. Assume a density of l g/mL and record the volume on the
benchshect. Dilute to about I liter with reagent water.

II 1.4.3.4.For a TCLP method blank, LCS and LCS Dup measure 250 mL of the
buffer solution used in the leaching procedure and transfer to the
separatory funnel. Dilute to about I liter with reagent water.

Less than one liter of sample may be used, for highly contaminated
samples, or if the reporting limit can be achieved with less than one
liter of sample. In this event dilute the sample to about I liter with
reagent water.



8 771J47g(
EXTRACTION AND CLEANUP OF ORGANIC COMPOUNDS SOP No: CORP-OP-0001NC
FROM WATERS AND SOILS, BASED ON SW-846 3500 SERIES, Revision No: 4.1
3600 SERIES, 8151A, AND 600 SERIES METHODS Revision Date: 10/07103

PacZe 22 of 82

\ / ,~~~~ liquid solvent flaw

Condenser /gaseous solvent flow

Extractor Body-lim

solvent ~ IBoiling Flask

4-Heating Mantle



8 7714 71
EXTRACTION AND CLEANUP OF ORGANIC COMPOUNDS SOP No: CORP-OP-000INC
FROM WATERS AND SOILS, BASED ON SW-846 3500 SERIES, Revision No: 4.1
3600 SERIES, 815IA, AND 600 SERIES METHODS Revision Date: 10/07/03

Paue 23 of 82

9 1 c

4-24140 joint

3 5 c

1 1.4.4. Adjust sample pH as indicated in Table I for the initial extraction. Use the
m1iliniUmn amnount of 1:1 HS04 or 10 N NaOH necessary. Recheck the
sample with pH paper. Record adjusted pH, spiking volumes and standard
numbers on the benchisheet. Return spiking solutions to the refirigerator as
soon as possible.
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11.4.5. Add reagent water to the extractor body until approximately 250 ml, of

methylene chloride is pushed over into the round-bottomed flask to ensure
proper operation and solvent cycling. Attach cold condenser (about I100C).

Turn on heating mantle. Inspect joints for leaks once solvent has begun
cycling. Extract for 18-24 hours. (24 hours required for 600 series)

11.4.6. If extraction at a secondary pH is required, (see Table 1) turn off the
heating mantle and allow the extractor to coot. Detach the condenser and

adjust the pH of the sample in the extractor body to the pH indicated in
Table I with a minimum amount of IO N NaOH or 1:1I H2 S0 4. Measure
with pH paper and record the adjusted pH on the benchsheet. Reattach the
condenser and turn on heating mantle. Extract for 18-24 hours.

11.4.7. Turn off the heating mantle and allow the extractor to cool.

11.4.8. Place a funnel containing 10-20 g of anhydrous sodium sulfate on the
Kudernia-Danish (K-fl) apparatus or other glass container. The funnel can
be plugged with glass wool enabling it to hold the granular anhydrous
sodium sulfate or phase separation filter paper may be used.

1 1.4.9. Dry the extract in the round bottom flask by filtering it through the sodium

sulfate filled funnel. Note that it is not necessary or advisable to attempt to
add the solvent remaining in the continuous extractor body to the extract.

1 1.4. 1 O.Collect the dried extract in a K-D or other glass container. Rinse the
funnel with 20-30 mL of inethylene chloride to complete the quantitative
transfer. Dispose of solvent and water remaining in the extractor in the
appropriate waste container.

Note: Some types of CLLE apparatus have built in drying columns. If this
type of apparatus is used then a drying step subsequent to the extraction
may not be necessary.

1 1.4.1 1. Cover with aluminum foil if the extract is not concentrated immediately.
Refer to Section 1 1.9 for concentration and Section 1. 12 for cleanup.

11.5. Sonication

A flow chart for this procedure is included in Section 17.

11.5.1. Determination of percent moisture (Optional - if a different group performs
this test, refer to the facility SOP.)

In some cases, sample results arc needed on a dry weight basis. If this is
the case, weigh 5-10 g of sample into a suitable tared container (typically
an aluminum weigh pan. Determiine the %moistur-eby drying overnight. (at
least 12 hours) at l05'C. Allow to cool in a desiccator before weighing.
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% Moisture - (weight of wet sample - weight of dry sample) X100
weight of wet sample

1 1.5.2. Determination of pH (Optional - if a different group performrs this test,
refer to the facility SOP.)

If pH determination is required, transfer I10 g of soil to a beaker. Add
10 mL of water. Stir for five minutes then let stand for I hour.
Determine the pH of the sample with a glass electrode and pH meter.

11.5.3. Decant and discard any water layer on a sedimnent/soil sample. Record and
document if a water layer was discarded on the benchsheet. Homogenize
the sample by mixing it thoroughly in the container. If this is not possible
place the sample in clean beaker and homogenize. Upon completion of
homogenization in beaker return sample to original container. Discard
foreign objects such as sticks, leaves and rocks, unless extraction of this
material is required by client. If the sample consists primarily of foreign
materials consult with the client (via the Project Manager or
Administrator).

1,5.4, Remove Surrogate and matrix spiking solutions from refr-igerator and allow to
warmn to room temperature.

11.5.5. Weigh 30 g of samnple ± 0.2g into a 250 or 400 rmL beaker. Record the
weight to the nearest 0.0 I g in the appropriate column on the benchishct.
Use 30 g of sodium sulfate for the method blank and 30 g of sodium
sulfate with 30 g of reagent sand for the LCS.

11.5.6. Mix weighed sample with aspatula adding enough anhydrous sodium sulfate
(approximately 30 g ) to be free flowing. (If the sample is not free flowing
extraction efficiency may be reduced)

1 1.5.7. Prepare a method blank, LCS and MS/MSD for each batch as specified in
Section 9 of this SOP.

1 1.5.8. Add the appropriate volume of surrogate spiking solution (see Table 3).
Also add appropriate volume of matrix spiking solution to any matrix
spike / matrix spike duplicate samples (See Table 4) Add I imL of the
surrogate spiking solution to each sample, method blank, Laboratory Control
Sample (L-CS), and matrix spikes. Refer to Table 6 for details of the
surrogate spiking solutions. Add I nmL of the appropriate matrix spiking
solution to each Matrix Spike/Matrix Spike Duplicate (MS/MSD) and LCS.
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Refer to Tables 3 and S for details of the spiking solutions. Record spiking
volumes and standard numbers on the benchsheet. Return spiking solutions
promptly to refrigerator.

Note: The same volume of surrogate and matrix spiking solution is
used if GPC is indicated since the final volume would be reduced to
compensate for loss of extract during the GPC procedure.

1 1.5.9. Immediately add a minimum of 1 00 ml, of solvent to the beaker.

Solvents:
Semnivolatile GC/MS, TPH, 1: ethylene Chloride / Acetone
Organoeblorine pesticides and PCBs

Note: Steps 11.5.5 - 11.5.9 shouldbecperformed rapidly to avoid loss
of the more volatile extractables.

1 1.5. 10. Place the bottom surface of the appropriate disrupter horn tip approximately
'A2 inch below the surface of the solvent, but above the sediment layer.

11.5.1 1. Sonicate for 3 minutes, making sure the entire sample is agitated. If the W-
380 or W-385 sonicator is used the output should be set at 6 for the 3/4
inch high gain (Q) horn or 1 0 for the 3/4 inch standard horn, with mode
switch on pulse, and pcerent-duty cycle knob set at 50%.

Note: Do not use Hvicrotip probe.

1 1.5.12. Loosely plug the stem of a75 mm x 75 mm glass funnel with glass wool
and/or line the funnel with filter paper. Add 10-20 g of anhydrous sodium
sulfate to the fumnnel cup.

1 1.5.13. Place the prepared funnel on a collection apparatus (beaker or K-D
Apparatus).

1 1.5.14. Decant and filter extracts through the prepared funnel into a clean beaker or
K-D Apparatus.

1 1.5.15. Repeat the extraction two more times with additional 100 mL minimum
portions of solvent each time. Decant off extraction solvent after each
sonication. On the final sonication pour the entire sample (sediment and
solvent) into the funnel and rinse with an additional 10 mL-20 mL of the
methylene chloride/acetone appropriate solvent (Refer to Table in 1 1.5.9).

Note: Alternatively, the three extracts may be collected together and
then filtered through the sodium sulfate.

1 1.5.16. Cover with aluminum foil if the extract is not concentrated immediately.
Refer to Section 1 1.9 for concentration and Section 1 1 .12 for cleanup.
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I 1.5.17.Sonicator Tuning: Tune the sonicator according to manufacturer's
instructions. The sonicator must be tuned at least every time a new horn is
installed.

11 .6. Soxhlet

1 1.6. 1. Determination of % moisture
In some cases, sample results are needed on a dry weight basis. If this is
the case, weigh 5-10 g of sample into a suitable tared container (typically
an aluminum weigh pan. Determine the % moisture by drying overnight at
lo5'C. Allow to cool in a desiccator before weighing.

% Moisture =(weight of wet sample - weight of dry sample) X100
weight of wet sample

11.6.2. Determination of pH
If pH detennination is required, transfecr l0 g of soil to a beaker. Add 10
mnL of water. Stir for 1 hour. Determine the pH of the sample with a glass
electrode and pH meter.

11.6.3. Decant and discard any water layer on a sedimient/soil sample. Record and
document if a water layer was discarded on the benchshcet. Homogenize
the sample by mixing it thoroughly in the container. If this is not possible
place the sample in clean beaker and homogenize. Upon completion of
homogenization in beaker return sample to original container. Discard
foreign objects Such as sticks, leaves and rocks, unless extraction of this
material is required by client. If the sample consists primarily of foreign
materials consult with the client (via the Project Manager or
Administrator).

11.6.4. Remove surrogate and matnix spiking solutions from refrigerator and allow to
warmn to room temperature.

11.6.5. Weigh 30 g of sample ± 0.2g into a beaker, recording the weight to the
nearest 0.01I g on the benchisheet.. Use 30 g of sodium sulfate for the method
blank and LCS. Add 30 g of anhydrous sodilum sulfate and mix well. The
mixture should have a free flowing texture. If not, add more sodium Sulfate.
Add the samnple/sodium sulfate mixture to a soxhlet thimble, but do not pack
the thimble tightly. The extraction thimble must drain freely for the duration
of the extraction period. A glass wool plug above and below the sample in
the soxhlet extractor is an acceptable alternative for the thimble.
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11.6.6. Add the appropriate amount of surrogate and matrix spiking solution as
indicated in Tables 3, 4, 5, and 6.

Sample weights less than 30 g but over 5 g may be used if the
appropriate reporting limits can be met.

11.6.7. Prepare a method blank, LCS and MS/MSD for each batch as specified in
Section 9 of this SOP, using sodium sulfate as the matrix. The weight of
sodium sulfate used should be approximately the weight of soil used in
each sample.

11.6.8. Place approximately 200mL- of solvent into a 250 mL flat bottom flask
containing one or two clean boiling chips. Attach the flask to the extractor
and extract the sample for 16-24 hours at 4-6 cycles per hour. Check the
system for leaks at the ground glass joints after it has warmed up.

NOTE: If a reduced quantity of sample is extracted, it is usually necessary to
increase the amount of sodium sulfate added or increase the solvent boiling rate to
properly set the cycling rate.

Solvents:
Semivolatile GC/MS,0OPP, PAH, TPH 1:1lMethylene Chloride /Acetone
Organochlorine pesticides and PCBs

11.6.9. Allow the extract to cool after the extraction is complete, then disassemble
by gently twisting the soxhlet from the flask. Dry the extract in the flask by
filtering it through a sodium sulfate filled funnel.

1 1.6. 1 O.Collect the dried extract in a K-D or other glass container. Rinse the flask
which contained the solvent extract with 20-30 mL of methylene chloride
and add it to the funnel to complete the quantitative transfer.

1 1.6.1 I.Cover with aluminum foil if the extract is not concentrated immediately.
Refer to Section 1 1.9 for concentration and Section 1 1.1 2 for eleanup.

11.7. Accelerated Soxhlet (Soxtherm Trade Name)

1 1.7. 1. Demonstration of % moisture

In some cases, sample results are needed on a dry weight basis. If this is
the case, weigh 5- 10 g of sample into a suitable tared container (typically
an aluminum weigh pan. Determine the % moisture by drying overnight
at lOSTC. Allow to cool in a desiccator before weighing.
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%Moisture = (Weight of wet sample - Weight of dry sample) X
too

Weight of wet sample

11.7.2. Determination of pH
If pH determination is required, transfer l 0g of soil to a beaker. Add I10 mL
of water. Stir for I hour. Determine the pH of the sample with a glass
electrode and Ph meter.

11.7.3. Decant and discard any water layer on a sediment/soil sample. Record and
document if a water layer was discarded on the benchsheet. Homogenize the
sample by mixing it thoroughly in the container. If this is not possible, place
the sample in clean beaker and homogenize. Upon completion of
homogenization in beaker, return sample to original container. Discard
foreign objects such as sticks, leaves and rocks, unless extraction of this
material is required by client. If the sample consists primarily of foreign
materials, consult with the client (via the Project Manager or Administrator).

11.7.4. Remove surrogate and matrix spiking solutions from refrigerator and allow
to return to room temperature.

11.7.5. Weigh 30 g of sample ± 0.2 g into a beaker, recording the weight to the
nearest 0.01 g on the benclhsheet. Use 30 g of sodium sulfate for the method
blank and LCS. Add 30 g of anliydrous sodium sulfate and mix well. The
mixture should have a free flowing texture. If not, add more sodium sulfate.
Add the samiple/sodium sulfate mixture to a soxhlet thimble, but do not pack

thie thimble tightly. The extraction thimble must drain freely for the duration
of the extraction period. A glass wool plug above and below the sample in
the thimble is required.

1 1.7.6. Add the appropriate amrount of surrogate and matrix spiking solution as
indicated in Tables 3, 4, 5, and 6.

1 1.7.7. Sample weights less than 30 g, but over 5 g may be used if thle appropriate
reporting limits canl be met.

1 1.7.8. Prepare a method blank, LCS and MS/MSD for each batch as specified in
Section 9 of this SOP, using sodium sulfate as the matrix. The weight of
sodium sulfate used Should be approximately the weight of soil used in each
sample.

1 1.7.9. Place thimble in beaker containing clean boiling chips and add
approximately 140 nl- of solvent. Place beakers into positions onl the
accelerated soxhlet unit. Run appropriate program for the extraction solvent.
Check the system for leaks at the joints periodically.

Solvents:
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I11.7.10.Upon completion of the program, remove the beaker from the unit and
dispose of the extracted sample. Dry the extract in the flask by filtering it
through a sodium sulfate filled ifunnel.

11.7.11. Collect the dried extract in a K-D, TurboVap tube, or other glass container.
Rinse the flask which contained the solvent extract with 10-15 mL of

methylene chloride and pour it through the funnel. Rinse the funnel with 10-
15 mL of methylene chloride to complete the quantitative transfer.

11l.7.12.Cover with aluminum foil if the extract is not concentrated immediately.

Refer to Scction 11.9 for concentration and Section 11.12 for cleanup.

11.8. Waste Dilution

11.8.1. This method is used for materials that are soluble in an organic solvent.

11.8.2. Transfer 10 mL of the solvent to be used for dilution into a Teflon capped

vial. Mark the meniscus on the vial, then discard the solvent.

11.8.3. Tare the vial, then transfer approximately I g of sample to the vial. Record
the weight to the nearest 0.01I g.

11 .8.4. Add appropriate volume of surrogate and spike solutions (Table 3).

11.8.5. Dilute to 10 mL with the appropriate solvent. (Methylene Chloride for

GC/MS- and GCS-TPH. Add 1 0 mL of appropriate solvent (Hexane) for

OCS-pesticide and/or PCB3 analysis.

1 1.8.6. Add 2 g + 0.1I g sodium sulfate to the sample. Cap and shake or vortex each

extract for 2 minutes.

11.8.7. If H20 is still present, add 4-5 g sodium sulfate to a small pipette funnel.
The funnel can be plugged with glass wool or phase separation filter paper

may be used to hold the sodium sulfate.

11.8.8. Pour the sample through the funnel, collecting as much as possible in a

clean vial. Do NOT rinse the funnel with additional solvent, and do NOT

concentrate the sample. The final volume is defined as 10 mL.

1 1.8.9. Label the sample, which is now ready for cleanup or analysis.

11.9. Concentration
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According to the type of sample and any cleanup procedures needed, different
final solvents and volumes will be required. Refer to Table 2 for the appropriate
final volumes and concentrations.

11.9.1. Kuderna-Danish (KD) Method:

11.9.1.1. Assemible aKuderna-Danish concentrator by attaching a 10mL
concentrator tubecto the500 mLKD flask. Transferfthecsample to the
K-D flask.

I11.9.1 .2.Add one or two clean boiling chips and the extract to be concentrated
to the KD flask and attach a three ball Snyder Column. Add
approximately I rnL of clean methylene chloride to the top of the
Snyder column (this is important to ensure that the balls are not stuck
and that the column will work properly).

-*-- Snyder Column

-0- K-Dl Flask

4--Concentrator Tube
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11.9.1.3. Place the LCD apparatus on a water bath (90-980C) so that the tip of the
concentrator tube is submerged. The water level should not reach the
joint between the concentrator and the KCD flask. At the proper rate of
distillation, the balls will actively chaffer but the chambers should not
flood.

11.9.1.4. Concentrate to 5-15 mL. If the determinative method requires a solvent
exchange add the appropriate exchange solvent (50 mL hexane, 20 ml
hiexane/acetone, or 4 mL acetonitrile,4mL toluene (Herbicide TCLP),
or 10 ml, toluene) to the top of the Snyder Column, and then continue
the water bath concentration back down to 1-4 mL. Refer to Table 2
for details of exchange solvents and final volumes. The Snyder column
may be insulated if necessary to maintain the correct rate of distillation.

Note: Add an additional boiling chip with the addition of exchange
solvent.
An alternative technique for solvent exchange is to replace the macro
Snyder column and KD flask with a micro Snyder column, concentrate
to approximately I ml-, add the appropriate solvent, and concentrate
back down to I mL. The extract must be cool before the macro Snyder
assembly is removed.
Note: It is very important not to concentrate to dryness as analytes
will be lost.

11.9.1.5. Remove the KD apparatus fromn the water bath and allow to cool for a
minimum of I10 minutes. If the level of the extract is above the level of
the concentrator tube joint, continue to distill the solvent as necessary.
Again, allow the KD flask to cool for a minimum of 10 minutes.

11.9.1.6. If the final volume is 5 or l mL- the extract may be made up to volume
in the graduated KD tube or transferred to a 12 rnl, vial previously
marked at the appropriate volume level. Document the final volume.
Otherwise proceed to Section 1.1 0

11.10. Nitrogen Evaporation to Final Concentration

11.10.1. Transfer the entire extract to a calibrated evaporation tube. Rinse the
concentrator tube with 1-2 ml- of the appropriate solvent and transfer
the solvent rinsate to the evaporation tube.

11.10.2. Place the tube in a warm water bath that is at least 50C below the
boiling temperature of the solvent being evaporated and evaporate the
solvent using a gentle stream of nitrogen. The nitrogen flow will form
a slight depression on the surface of the solvent, but should not create
splattering of the extract.

Boiling points of commonly used solvents are:
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Methylene chloride 400C
Acetone 560C
Hexane 690C
Acetonitrile 820C
Toluene 1l1 0C

11.10.3. During the course of the evaporation rinse the sides of the evaporation
tube twice with approximately I mL of clean solvent. The first rinse
should be about half way through he process, with the second rinse
when the solvent volume gets close to I mL. Concentrate the solvent
accurately to the calibrated volume line and transfer the extract to the
appropriate storage vial.

Note: It is very important not to concentrate to dryness as analytes will be lost.

An alternative technique is to follow the previous stops concentrating
the solvent to slightly below the required final volume and then
drawing the extract into a syringe. Rinse the evaporation tube with a
small amount of solvent and draw additional solvent into the syringe to
make up the accurate final volume.

Note: It is very important not to concentrate to dryness as analytes
will be lost.

Note: The Final concentration and voIlume1 measurement steps are
critical. Use care when concentrating and make certain that the final
volumeTI measurement is accurate.

Alternative QES Concentration Method:

This concentration mnethod usesv a hot water jack-eted concentrator
tubhe (CT,) instead ojf the hot water bat/i and concentrator tube used in
Section 1 1.9. 1. 1. The construction of the jacketed concentrator tithe
reduces the tendency of the extract to evaporate to diyness. Thus, low
boiling analytes are retained in the extract better with less anali~st
monitoring of the concentration process.

Assemble the jacketed concentrator tithe, KD body and hot water
hoses. Add ImL of ex change solvent (if neededj) aind one large,
clean boiling chip.

NOTE.' The boiling chips used in the jacketed concentrator tube
mnust be large enough to pr-event them falling down into the tip oj'
the CT. If the boiling chip is not in the proper position, the
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extract may superheat and bump vigorously if the extract solvent
warms up slowly.

Pour the extract to be concentrated into the KDflask, and attach

a three-ball Snyder column.

Turn on the hot (95 0C water flow to the jack-eted concentrator
tube.

Concentrate to 1 mL. If the determinative method requires a

solvent exchange, add the appropriate exchange solvent (5-10
mL hexane, 1 mL acetonitrile, 4 mL acetone/hexane) to the top of

the Snyder column. Continue to concentrate until the Snyder
column balls stop chattering.

Cool the jacketed concentrator tube ntinil it is cold to the touch.

Quantitativel/v transftr the extract and dilute to final volume, or
continue concentration with nitrogen evaporation (Section

1.1I1. Turbovap, Method

11 .11.1. Turn on the Turbovap and adjust the water temperature to 5-1 00C less
than the boiling point of the solvent to be evaporated.

11.11.2. Switch all endpoint sensors to the correct position.

11.11.3. Adjust the water bath level

11.11.4. Adjust the nitrogen gas pressure to approximately 14 psi.

11.11.5. Transfer the extract into the Turbovap tube and load into the Turbovap.
Do not fill the Turbovap tubes over approximately 3/4 frill.

11 .11 .6. Reset the sensor and close the lid.

Note: If the extract splashes when the nitrogen flow starts, reduce the
nitrogen flow or transfer a portion of the extract back into the original
extract container.

11.11.7 As the extract concentrates, transfer the remainder of the extract into
the appropriate Turbovap, tube. After all of the extract has been
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transferred, rinse the flask with a few ml- of methylene chloride and
add to the Turbovap tube.

II .11.8. Concentrate the extract to slightly less than the required final volume.

11.11.9. If solvent exchange is required, concentrate to 1-4 mL and add
appropriate volume of the exchange solvent. Concentrate back down to
the appropriate volume. Refer to Table 2 for details of exchange
solvents and final volumes.

I 1.11 .10. Transfer the concentrated extract to volumectric glassware for
adjustment of final volume, using a small amount of solvent to rinse the
tube and complete the transfer.

Note: Water contamination from condensation during
concentration is not acceptable. If water is present, remove
the Turbovap tube and filter the extract through sodium
sulfate. Transfer to a clean Turbovap tube and continue the
concentration.
Note 2: Dark, opaque or turbid samoples may not concentrate.
If this Occurs, supervise the entire concentration procedure.

1 1.12. Cleanup Techniques

1 1.12.1. The following techniques may be used to remove interfering peaks, and /or
to remove materials that may cause column deterioration and! or loss of
detector sensitivity.

I1. 12.2. Gel Permeation Ghlro11atogytrwhv (Section I11. 13) is a generally applicable
technique which can be used to prepare extracts for Semtivolatiles (8270),
and pesticides (8081) analysis. It is capable of separating high molecular
weight material from the sample analytes, and so is particularly useful if'
tissue or vegetable matter is part of the sample, and for many soil samples.
Note: GPC used only for CLP Projects

I11. 12.3). Floris/i column cleanup2 (Section 1 1.2 1) is particularly useful for cleanup
of pesticides for analysis by method 8081 and should normally be applied to
these samples unless the matrix is clean. It separates compounds with a
different polarity from the target analytes. Note: GPC used only for CLP
Projects. Gel Permeation Chromatography and Florisil column cleanup may
both be applied to samples for analysis by method 808 1/8082. In this case the
GPC should be performied first.
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1 ..1 2.4. Sulfur cleanup (Section 11.23) is generally applied to samples for analysis
by method 808 1/8082, since the Electron Capture Detector responds strongly

to sulfur. It is performed after GPC and Florisil cleanup.

11. 12.5. Sulfuric acid cleanup (Section 11.24) is applied to samples requiring

analysis for Polychlorinated Biphenyls (PCBs) only. Most organic matter is
destroyed by the sulfuric acid. WARNING: Sulfuric acid cleanup must not be
pcrforned on any matrix that may have water present as a violent reaction

between the acid and water may result in acid exploding out of the vessel.

11.12.6. Acid Base Partition Cleanup (Section 1 1.25) is useful for separating
organic acids and phenols from basic and neutral organics.

11.12.7. Fluorocarbon cleanup( (Section 1 1.26) is used to remove hydrocarbons
from water samples to be analyzed for water soluble alcohols.

11.13. Gel Permeation Chromatography (GPC)

Note: GPC system used is 32 Scientific Accuprep.

11.14. GPC Column Preparation

11.14.1. Weigh out 70 g of Rio Beads (SX-3) into a 400-ml, beaker.

11.14.2. Add approximately 300 mL- of mrethylene chloride and stir gently.

11.14.3. Cover with aluminum foil and allow the beads to swell for a
minimum of two hours. Maintain enough solvent to sufficiently
cover the beads at all times.

11.14.4. Position and tighten the outlet bed support (top) plunger assembly in
thc tube by inserting the plunger and turning it clockwise until snug.
Install the plunger near the column end but no closer than 5 cm
(measured from the gel packing to the collar).

11.14.5. Turn the column upside down from its normal position with the open
end up. Place the tubing from the top plunger assembly into a waste
beaker below the column.

11.14.6. Swirl the bead/solvent slurry to get a homogeneous mixture and pour
the Mixture into the open end of the column. Transfer as much as
possible with one continuous pour trying to minimize bubble
formation. Pour enough to fill the column. Wait for the excess
solvent to drain out before pouring in the rest. Add additional
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methylene chloride to transfer the remaining beads and to rinse the
beaker and the sides of the column. If the top of the gel begins to
look dry, add more methylene chloride to rewet the beads.

11.14.7. Wipe any remaining beads and solvent from the inner walls of the
column with a laboratory tissue. Loosen the seal slightly on the other
plunger assembly (long plunger) and insert it into the column. Make
the seal just tight enough so that any beads on the glass surface will
be pushed forward, but loose enough so that the plunger can be
pushed forward.

CAUTION: Do not tighten the seal if beads are
between the seal and the glass surface because this
can damage the seal and cause leakage.

11.14.8. Push the plunger until it meets the gel, then compress the column bed
about 4 cin.

ll1.14.9. Connect the column inlet to the solvent reservoir and place the
Column outlet tube in a waste container. Pump mcthiylenie chloride
through the column at a rate of 5 mL/min. for one hour.

ll1.14.10. After washing the Column for at least one hour, connect the columnn
outlet tube to the inlet side of the UV detector. Connect the system
outlet to the outlet side of the UV detector. Placing a rcstrictor
(made from a piece ofecapillary tubing of l/l 6OD x l0/l 000"ID x
2") in the outlet tube from the UV detector will pr-event bubble
formation which causes a noisy UV baseline. The restrictor will not
effect the flow rate. After pumping mnethylcne chloride through the
column for an additional 1-2 hours, adjust the inlet bed support
plunger until approximately 6-1 0 psi back-pressure is achieved.
Push the plunger in to increase pressure or slowly pull outward to
reduce pressure.

1 1.14.11. When the CPC Column is not to be used for several days, connect the
column inlet and outlet lines to prevent column drying and/or
channeling. If channeling occurs, the gel must be removed from the
Column, re-swelled, and re-poured as described above. If drying
occurs, purmp methylene chloride through the column until the
observed column pressure is constant and the column appears wet.
Always recalibrate after column drying has occurred to verify that
retention volumes have not changed.

11. IS. Initial Calibration of the GPC Column
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11.15.1. Before use, the GPC must be calibrated based on monitoring the
elution of standards with a UV detector connected to the GPC
column.

11.15.2. Pump solvent through the GPC column for 2 hours. Verify' that the
flow rate is 4.5-5.5 mL/min. Corrective action must be taken if the
flow rate is outside this range. Record the column pressure (should
be 6- 10 psi) and room temperature (22 0C is ideal).

Note: Changes in pressure, solvent flow rate, and
temperature conditions can affect analyte retention
times and must be monitored. If the flow rate and/or
column pressure do not fall within the above ranges, a
new column should be prepared.

11.15.3. Inject the calibration solution and retain a UV trace that meets the
following requirements (See resolution calculation in Section
11.20.1.):

* Peaks must be observed and should be symmetrical
for all compounds in the calibration solution.

* Corn oil and phthalate peaks must exhibit >85%
resolution.

* Phthalate and methoxychlor peaks must exhibit
>85% resolution.

* Methoxychlor and perylene peaks must exhibit
>85% resolution.

• Perylene and sulfur peaks must not be saturated and
must exhibit >90% baseline resolution.

11.15.4. A UV trace that does not meet the criteria in Section 1. 15. 1.
indicates the need for system maintenance and/or the need for a new
column.

11.15.5. Deternine appropriate collect and dump cycles.

11.15.6. The calibrated GPC program for pesticidcs/PCB should dump >85%
of the phthalate and should collect >95% of the methoxychlor and
perylene. Use a wash time of 10 minutes.

11.15.7. For semnivolatile extracts, initiate a column cluate collection just
before the elution of bis (2-ethylhexyl) phthalate and after the elution
of the corn oil. Stop eluate collection shortly after the elution of
perylene. Stop collection before sulfur elutes. Use a wash time of 10
minutes after the elution of sulfur.
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11.15.8. Reinject the calibration solution after appropriate dump and collect
cycles have been set.

11.15.9. Measure and record the volume of collected GPC eluate in a
graduated cylinder.

ll.15.1O. The retention times for both bis(2-ethylhexyl) phthalate and
perylene must not vary more than ±1- 5% between calibrations.

11.16. GPC calibration check

11.16.1. Chcck the calibration of the GPC immediately after the initial
calibration and at least every 7 days thereafter, while the column is in
Use.

11.16.2. Inject the calibration solution, and obtain a UV trace. If the retention
times of bis(2-ethylhcxyl)phthalate or perylene have changed by more
than + 5% use this run as the start of a new initial calibration.
Otherwise, proceed with the recovery check. Excessive retention time
shills may be caused by poor laboratory temperature control or
system leaks, an unstabilized column, or high laboratory temperature
causing outgassing ofmecthylene chloride. Pump mnethylenc chloride
through the system and check the retention times each day unrtil
stabilized.

11.17. G PC Recovery Check for Pesticides/ PCBs

1 1.17.1. The recovery from the GPC must be verified immediately after the
initial calibration and at least every 7 days, when the instrument is in
use. Two recovery check solutions are used. The first m1ixture is
prepared by diluting 1.0 2.0 nl- of the pesticide matrix spiking
soIlution) (Table 6) to 10 mnL in methylene chloride. The second
mixture is prepared by diluting 12.0 rrl- of the PCB only matrix
spiking solution (Table 6) to 10 rnL with mecthylene chloride.

I 1.1 7.2. Load the pesticide matrix spike mixture, the PCB3 mixture, and a
mecthylenec chloride blank onto the GPC using the GC dump and
collect values.

Note: If the analysis is for PCBs only, then the pesticide
recovery check is not necessary.

I 1.1 7.3. After collecting the GPC calibration check fraction, concentrate,
solvcnt exchanging to hexane. Adjust the final volume to 5.0 imL,
and analyze by GC/EC. Refer to concentration, Section 1 1.9.
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11.17.4. The methylene chloride blank may not exceed more than one half

the reporting limit of any analyte. And if the recovery of each of

the single component analytes is 80-10120% and if the Aroclor

pattern is the same as previously run standards, then the analyst

may use the column. If the above criteria are not met, there may be

a need for system maintenance.

11.18. GPC Blank for Semivolatiles

11.18.1. The recovery from the GPC must be verified immediately
after the initial calibration and at least every 7 days, when the
instrument is in use.

11.18.2. Load a methylene chloride blank onto the GPC using the
seinivolatiles dump and collect values.

11.18.3. After collecting the GPC recovery check fraction,
concentrate, and analyze by GC/MS. Refer to the

concentration Section 1 1.9.

The blank should not contain any analytes at or above the reporting
limit. If these conditions are met the column may be used for sample
analysis. Otherwise correct the contamination problem, or extend the

collect time to improve recovery of target analytes.

11.19. Sample Extract Cleanup

11.19.1. Reduce the sample extract volume to 1-2 mE, then adjust to
I0 rnL with methylene chloride prior to cleanup. This reduces

the amount of acetone in the extract. Refer to Section 1 1.9.

11.19.2. Start the pump and let the flow stabilize for 2 hours. The

solvent flow rate should be 4.5-5.5 mL/min. The ideal
laboratory temperature to prevent outgassing of the methylene

chloride is 22 0C. The normal backpressure is 6-10 psi.

11.19.3. In order to prevent overloading of the GPC column, highly

viscous sample extracts must be diluted prior to cleanup. Any
sample extract with a viscosity greater than that of a 1:1I
glycerol:water solution (by visual comparison) must be
diluted and loaded into several loops.
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11.19.4. Samples being loaded onto the GPC should be filtered with a
5 micron (or less) filter disk. Attach a filter to a 10 mL
Luerlok syringe and filter the 10 mL sample extract into the
sample tube.

11.19.5. Load the filtered samples into the proper sample tubes and
place on the GPC.

11.19.6. Set the collect, dump, and wash times determined by the
calibration procedure.

11.19.7. Switch to the run mode and start the automated sequence.
Process each sample using the collect and dump cycle times
established by the calibration procedure.

1 1.19.8 Collect each sample in a suitable glass container. Monitor
sample volumes collected.

11.19.9. Any samples that were loaded into 2 or more positions must
be recombined.

1 1.19.10. Concentrate sernivolatile sample extracts to 0.5 m1L in
methylene chloride. Refer to the concentration Section 1 1.9.

11.19.11. Solvent exchange pesticide/PCB sample extracts into
hexane and concentrate to 5.0 rnL. Refer to the
concentration Section 11 .9.

1 1.20. Calculations

11.20.1. Resolution

To calculate the resolution between two peaks on a
churomatograph, divide the depth of the valley between the
peaks by the peak height of the smaller peak being resolved
and multiply by I100.
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Resolution Calculation

H e igh t

Time

% Resolution = A x 100
B

Where: A = depth of valley to height of smaller peak

B = peak height of smaller peak

11.20.2. Dump Time

Mark on the chromatograph the point where collection is to
begin. Measure the distance from the injection point. Divide
the distance by the chart speed. Alternatively the collect and
dump times may be measured by means of an integrator or
data system.

Dump ime (in) Distance (cm) from injection to collection start
Dump time (mm) ~Chart speed (cm / min)

11.20.3. Collection Time

Collctio tie (mn) Distance (cm) between collection start and stop
Collecton time(mm) -Chart speed (cm / min)

11.21. Florisil Cartridge Cleanup

Florisil cleanup is generally used for organochlorine pesticides, although
it may be applied to other analytes. Sections 11.21.1 through 11.21.8
outline the procedure for organochiorine pesticides, while section 11.22
outlines modifications required for other analytes.
Note 1: Systems for eluting multiple cleanup cartridges include the
Supelco, Inc. Solid Phase Extraction (SPE) assembly or equivalent.
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Note 2: Follow the lab specific procedure when using ABC Model 1002B.

11.21.1. Before Florisil cleanup sample volume must be reduced to I0 mL (5
mL if GPC cleanup was used) and the solvent must be hexane. Refer to
Section 1 1.9 for details of concentration.

11.2!1.2. Attach a vacuum manifold to a vacuum pump or water aspirator with a
trap installed between the manifold and the vacuum. Adjust the
vacuum in the manifold to 5-1 0 psi.

11.21.3. Place one Florisil cartridge into the vacuum manifold for each sample
extract. Prior to cleanup of samples, pre-elute each cartridge with S mIL
of hexane/acctone (9: 1). Adjust the vacuum applied to each cartridge
so that the flow through each cartridge is approximately 2 mnLrnin. Do
not allow the cartridges to go dry.

11.2 1.4. Just before the cartridges go dry, release the vacuum to the manifold
and remove the mani fold top.

11.2 1.5. Place a rack of clean labeled 12 mL concentrator tubes into the
manifold and replace the manifold top. Make sure that the solvent line
from each cartridge is placed inside the appropriate tube.

1 1.21.6. After the clean tubes are in place, vacuum to the miani fold is restored
and 2.0 mL of the extract is added to the appropriate Florisil cartridge.

1 1.21.7. The pesticides/aroclors in the extract concentrates are then eluted
through the column with S nl- of hexane/acetone (90: 10) and are
collected into the I10 ol- Culture tube or concentrator tube held in the
rack inside the vacuum manifold.

1 1.21.8. Transfer the extract to a graduated concentrator tube and concentrate
the extract to 2 mL. Refer to the concentration Section. ( 11.9)

Note I: A cartridge performance standard must be run With each lot Of
Florisil cartridges.

Note 2: Florisil cartridge performance check--every lot number of
Florisil must be tested before use. Add 0.5 ug/mL of 2,4,5-
triehilorophcnol Solution and 0.5 mL of GC Standard Mix A (midpoint
concentration) to 4 mrl- hexane. Reduce volume to 0.5 inL. Add thle
concentrate to a pre-washed Florisil cartridge and elute with 9 mnL
hexane/acetone [(90: 1 0)(v/v)]. Rinse cartridge with 1.0 ml- hexane
two additional times. Concentrate cluate to 1.0 ol- final Volume and
transfer to vial. Analyze the solution by OC/EC. The test sample
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must show 80 to 120% recovery of all pesticide analytes with <5%

trichiorophenol recovery, and no peaks interfering with target
compounds can be detected. This standard has a lifetime of six
months. Alternatively, this standard may be purchased as a stock

solution.

1 1.22. Modifications for other analyte classes

11.22.1 IPCBs

Pre-elute the cartridge with 4 ml- hexane. Add 2 mnL of the sample
extract and elute with 3 ml- hexane. The eluant will contain the
PCBs together with any heptachlor, aldrin, 4,4'DDE and part of any
4,4'DDT. Any BHC isomers, heptachlor epoxide, cblordane,
endosulfan I and LI, endrin aldehyde and endrin sulfate and
methoxychlor will be retained on the column and can be eluted in a
separate fraction with 8 ml- 90: 10 hexane:acetone if required.

1 1.23. Sulfur Removal

11.23.1. Sulfur can be removed by one of three methods: mercury, copper, or

tetrabutylamimonium sulfite (TBA) according to laboratory preference.
If the sulfur concentration is such that crystallization occurs in the

concentrated extract, centrifuge the extract to settle the crystals, and
carefully draw off the sample extract with a disposable pipet, leaving
the excess sulfur in the centrifuge tube. Transfer the extract to a clean
concentrator tube before proceeding with further sulfur cleanup.

11.23.2. Sulfur Removal with Elemental Mercury

Note: Use Mercury sparingly in order to minimize exposure and
disposal costs.

11.23.2.1. Transfer 2 ml- of sample extract into a clean concentrator
tube or Teflon sealed vial.

11.23.2.2. Add one to three drops of mercury to the extract vial and seal.

11.23.2.3. Shake well for 15-30 seconds. If prolonged shaking is
required, use a mechanical shaker.

11.23.2.4. Remove the extract from the mercury using a disposable
pipette and transfer to a clean vial.

1 1.23.2.5. If black precipitate forms, Sulfur was present. Shake again,
then centrifuge. After centrifugation, transfer the supernate to
a clean test tube and repeat. Do this until relatively little
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precipitate remains, or the screens indicate that cleanup is
complete.

1 1.23.2.6. Properly dispose of the mercury waste.

11.23.3. Sulftir Removal with Copper

I11.23.3.1. Transfer 1.0 mL of sample extract into a centrifuge or
concentrator tube.

11.23.3.2. Add approximately 2 g of cleaned copper powder (see Section
7.2 for copper cleaning procedure) to the sample extract tube.

11.23.3.3. Mix for one minute on a mechanical shaker.

11.23.3.4. If the copper changes color, sulfur was present. Repeat the
sulfur removal procedure until the copper remains shiny.

1 1.23.3.5. Transfer the supernate to a clean vial.

11.23.4. Sulfur Removal with Tetrabutylammonium (TBA) Sulfite Reagent

11.23.4.1. Transfer 1.0 il- of sample extract into a cuhlture tube.

1 1.23.4.2. Add 1.0 rmL TBA sulfite reagent and 2 rnl- 2-propanol to the
sample extract. Cap and shake for I minute. If clear crystals
(precipitated sodium1 sulfite) form, sufficient sodium sulfite is
present.

1 1.23.4.3. If a precipitate does not form, add sodium sulfite in an
approximately 0.1I g portions until a solid residue remains
after repeated shaking.

11.23.4.4. Add 5 rnL organic free reagent water and shake for 1 minute.
Allow sample to stand for 5- 10 minutes. (Centrifuge if
necessary to separate the layers). Transfer the sample extract
(top layer) to a vial. The final volume is defined as 1.0 nil- in
Section 1 1.23.4. 1.

1 1.24. Sulfuric Acid Cleanup

11.24.1. Add approximately 2-5 ml- of concentrated sulfuric acid to 2 ml- of
sample extract in a Teflon capped vial.
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Caution: There must be no water present in the extract or the
reaction may shatter the sample container.

11.24.2. Shake or vortex for about thirty seconds and allow to settle. (Centrifuge
if necessary)

11.24.3. Remove the sample extract (top layer) from the acid using a Pasteur

pipette and transfer to a clean vial. CA UTION:- It is not necessary to
remove all the extract since the final volume is already determined.

Transfer of small amounts of sulfuric acid along with the extract will

result in extremely rapid degradation of the chromatographic column.

11.24.4. If the sulfuric acid layer becomes highly colored after shaking with the

sample extract, transfer the hexane extract to a clean vial and repeat the

cleanup procedure until color is no longer being removed by the acid,

or a maximum of 5 acid cleanups.

11.24.5. Properly dispose of the acid waste.

1 1.25. Acid/Base Partition Cleanup

11.25.1. Place 10 ml- of the solvent extract from a prior extraction procedure
into a 125 mL separatory funnel.

11.25.2. Add 20 mL of methylene chloride to the separatory funnel.

11.25.3. Slowly add 20 ml- of DI water which has been previously adjusted to a

pH of 12 to 13 with IO N sodium hydroxide.

11.25.4. Seal and shake the separatory funnel for at least two minutes with

periodic venting to release excess pressure.

CAUTION: Methylene chloride creates excessive pressure

very rapidly. Initial venting should be done immediately after

the separatory funnel has been sealed.

11.25.5. Allow the organic layer to separate from the aqucous phase for a

minimum of ten minutes.

11.25.6. If an emulsion interface between layers is more than one-third the size

of the solvent layer, the analyst must employ mechanical techniques to
complete the phase separation. The optimum technique depends upon

the sample, and may include stirring, filtration of the emulsion through

glass wool, centrifugation, or other physical methods.
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11.25.7. Separate the aqueous phase and transfer it to a 125 mL Erlenimeyer
flask. Repeat the extraction two more times using fresh 20 mL aliquots
of dilute sodium hydroxide (pH 12-13) .Combine the aqueous
extracts.

11.25.8. Water-soluble organic acids and phenols will be primarily in the
aqueous phase. Base/neutral analytes will be in the miethylene chloride.
If the analytes of interest are only in the aqueous phase discard the

methylene chloride and proceed to Section 1 1.25.9. If the analytes of
interest are only in the methylene chloride, discard the aqueous phase
and proceed to Section 11.25.1 1.

11.25.9. Externally cool the flask with ice while adjusting the aqueous phase to
a pH of 1-2 with sulfuric acid (1: 1). Transfer the cool aqueous phase to
a clean 125 mLd separatory funnel.

1 1.25.10. Add 20 ml- of inethylene chloride to the separatory funnel and shake
for at least two minutes. Allow thle methylenec chloride to separate from
the aqueous phase and collect the rrethlylene chloride in an Erlenrneyer
flask. Repeat the extraction two more times using fresh nmethylene
chloride and extracting at pH 1-2. Combine the three extracts.

1 1.25.1 1. Dry the extract by passing through a funnel containing 10-20 g
anhydrous sodium sulfate. Rinse the funnel with an additional 20-30
ml- of clean mcthlylene chloride

1 1.25. 12. Cover with aluminum foil if the extract is not concentrated
immediately. Refer to Section 1 1.9 for- concentration.

l11.25.13. Dispose of solvent and water remaining in the separatory fbnnel into
the appropriate waste container.

11.26. Fluorocarbon Cleanup

This procedure is appropriate frr the removal hydrocarbons Jrom
water samples prior to analysis/ior water soluble alcohols

1 1.26.1. Transfer 1-2 nmL of water sample to a I10 il- Culture tube.

1 1.26.2. Add 1-2 nmL of fluorocarbon solvent (PF-5080) to the culture and cap.

1 1.26.3. Shake for 30-60 seeonds.
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11.26.4. After the two phases have separated, pipette about 1 mL of water
sample (top layer) into an autosampler vial for analysis. If necessary,
centrifuge to enhance the phase separation.

12. DATA ANALYSIS AND CALCULATIONS

Not applicable

13. METHOD PERFORMANCE

13.1. Method Detection Limit

Each laboratory must generate a valid method detection limit for each analyte of

interest. The procedure for the determination of the method detection limit is
given in STL North Canton QA Policy #: QA-005

13.2. Initial Demonstration

Each laboratory must make an initial demonstration of capability for each
individual method. This requires analysis of four QC Check samples. The QC
check sample is a well-characterized laboratory generated sample used to
monitor method performance, which should contain all the analytes of interest.

The spiking level should be equivalent to a mid-level calibration. (For certain
tests more than one set of QC check samples may be necessary in order to

demonstrate capability for the full analyte list.)

13.2.1. Four aliquots of the QC check sample are analyzed using the same
procedures used to analyze samples, including sample preparation.

13.2.2. Calculations and acceptance criteria for the QC cheek samples are
given in the determinative SOPs. (CORP-GC-000 1, CORP-MS-000 1,
0002)

13.3. Training Qualification

The group/team leader has the responsibility to ensure that this procedure is

performed by an analyst who has been properly trained in its use and has the
required experience.

14. POLLUTION PREVENTION

Within the constraints of following the methodology in this SOP, use of organic

solvents should be minimized.

15. WASTE MANAGEMENT
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15.1. All waste will be disposed of in accordance with Federal, State and Local
regulations. Where reasonably feasible, technological changes have been
implemented to minimize the potential for pollution of the environment.
Employees will abide by this method the policies in section 13 of the Corporate
Safety Manual for "Waste Management and Pollution Prevention."

15.2. The following waste streams are produced when this method is carried out.

15.2. 1. Extracted aqueous samples contaminated with methylene chloride.
Samples are drained into the liquid-liquid separation unit located in
extractions. This tank is then periodically rolled to the tank room where the
DCM is emptied a larger tank using tubing attached to the bottom of the
tank. The remaining water is neutralized with sodium bicarbonate, the pH
verified and the water discharged to the sanitary sewer. The waste is
disposed of as Methylene chloride contaminated waste.

15.2.2. Used sodium Sulfate and glass wool or filter paper contaminated with
nmethylene chloride/acetone or acetone/hexane from the extract drying step.
Thcse materials are disposed of in the solid waste and debris in a red
container located in the extractions lab.

15.2.3. Assorted flammable solvent waste from various rinses. These wastes
are put into the hialogenated/non-halogenated 25 gallon solvent waste
container located tinder the funie hood in extractions.

1 5.2.4. M'ethylene chloride waste from various rinses: These wastes are
disposed of in the liquid-liquid separation unit.

1 5.2.5. Hexane- Hexane waste: These samples are to be disposed in the
flammable waste.

15.2.6. Waste Ilexane in vials. These vials are placed in the vial waste located in
the OC prep laboratory.

15.2.7. Waste Mcthylene Chloride sample vials. These vials are placed in the
vial waste located in the GC prep laboratory.

15.2.8. Extracted solid samples contaminated with methylene
chloride/acetone or acetone/hexane. These materials are disposed of in the
solid waste and debris in a red container located in the extractions lab.

1 5.2.9. Samples, standards, and all extraction materials contaminated with high
levels (>50ppim) of PCB's must be segregated into their own waste stream.
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PCB wastes are collected in one of three waste streams, solid PCB3, liquid

PCB and PCB3 vial waste.

16. REFERENCES

16.1. References

16. 1. 1. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods,

SW846, 3rd Edition, Final Update III (December 1996). Sections 3500B3,

3510C, 3520C, 3540C, 3550B, 3600C, 3610B, 3620B, 3640A, 3650B,

3660B3, AND 3665A.

16.1.2. Corporate Quality Management Plan (QMP), current version.

16.1.3. STL Laboratory Quality Manual (LQM), current version.

16.2. Associated SOPs and Policies, latest version

16.2. 1. QA Policy, QA-003
16.2.2. Glassware Washing, NC-QA-0014

16.2.3. Statistical Evaluation of Data and Development of Control Charts, NC-

QA-0018

16.2.4. Method Detcction Limits and Instrument Detection Limits, NC-QA-0021

16.2.5. Navy/Army SOP, NC-QA-00 16

16.2.6. Hazardous Waste Management SOP, NC-HS-0001.

17. MISCELLANEOUS

17.1. Modifications from Reference method

17.1.1. Some surrogate spiking concentrations are modified from those

recommended in SW-846, in order to make the concentrations more

consistent with the calibration levels in the determinative methods.

17.1.2. Aqueous sample volumes may be determined by weight.

17.1.3. Spiking levels for method 608 have been reduced by a factor of ten to

bring thc levels within the normal calibration range of the instrument.
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17.1.4. 1 0 g of soil is used for pH determination, rather than the 50 g
suggested in the reference method. The volume of water is also
adjusted to maintain the sample / water ratio specified in the method.

17.2. Modifications from previous revision

1 7.2.1. SOP change forms are on record in the Quality Assurance Department.

17.3. Facility Specific SOPs
Each facility shall attach a list of facility specific SOPs or approved attachments
(if applicable) which are required to implement this SOP or which arc used in
conjunction with this SOP. If no facility specific SOPS or amendments are to be
attached, a statement must be attached specifying that there are none.

17.3. Tables

Table I
Liquid /Liquid Extraction Conditions

Determninative Method Initial Ext. pH Secondary Ext. pH
BNA: 8270C' 1-2 11-12
625 11-12 1-2
Pcst/PCB: 808 I A, 8082 & 5-9 None
08

Wisconsin DRO 2
OPP: 8141 A as received None
Hydrocarbons: 8015B as received None
PAH: 83 10, &6 10 as reccived None

Ilfthe laboratory has validated acid only 8270 extraction for the target Compound
list required then the base extraction step may be omitted. The required validation
consists of a 4 replicate initial demonstration of capability and a method detection
limit Study. (See section 1 3). Additionally, either of the base or acid fractions of
Method 8270 can be run first.

TFable 2
Exchange Solvents and Final Volumes
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Final Volumes and Exchange Solvents if no cleanup is used

Type Exchange Solvent for Analysis Final Volume for Analysis in mL

Sernivolatiles N/A 2.0 mL

PCB 5OmL Hlexane 10.0 for solids 5.0 for H20 2.0 for H20**

Pesticides 5OmL H-exane 10.0 for solids 5.0 forl1-120

Pestieides/TCLP 5OmL Hlexane 3.0 mL

PAH by HTPLC 4mL Acetonitrile 1.0 mL

BNA - SIM N/A 2.0 mL - Solids & H20

TPH NA1.0
O6P~P 2m HxneAeone 2.0

*Requires high sensitivity mass spec tune (refer to NC-MS-001 5 PAL- by SIM)
**Michigan work requires a final volume of 2 mL.

Final Volumes and solvents if GPC cleanup is used CLP ONLY - SOLIDS ONLY

Type Solvent for GPC Final Volume for GPC Final Volume and solvent
Ifor Analysis

Semnivolatiles CH2CI, 10 mL' 0.5 mL CH2OŽ -

OLMO3. 1
Semnivolatiles CHCL, 10 mL' 2.5 mL CH12Cl 2 -

OLM04.2

Pesticides CH2CI2 ~~~~~10 rnL 5 mL, Hexane
Final volume for GPC may be 4 ML if a 2 mL sample loop is used

Final volumes and solvents if FlorisIl cleanu isue LP ONLY
Type Solvent for jFinal Volume for Floii FnlVlume and solvent for

_____ _____ ____ I Florisil I n l si

Pesticides Hlexane 10ML (2 mnl aliquot used) 2 mL, hexane

[Final volumes and solvents if both GPC and Florisil cleanup are used CPONLY

Type Solvent for Final Solvent for Final Volume Final volume for

GPC Volume for Florisil for Flrsl analysis

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ G P C _ _ _ _ __ _ _ _ _ _

Pesticides Methylene 10ndL Hexane 5 mL (2 mL 2 mL, hexane

IChloride _ _ _ _ _ _ _ _ _ _ _ _ _ aliquot used) _ _ _ _ _ _ _ _

Note: Different final voIlumes may be necessary to meet special client reporting limit
requirements.
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Surrogate Spike

Analyte Group Solution ID Volume (mL)

BNA 100/ 150 ppm B3NA 0.2

I3NA /SIM 100/ISO5 ppm BNA .2 / 0.02

PEST 0.2 ppm OCB/TCX 1.0

TPH 4Ong C9 1.0

PCB 0.2 ppm DCB/TCX 1.0

PAH 1.0 ug/mL p-Terphenyl-d14 1.0

5.0 ug/mL Benzo(e)pyrene

OPP 10 ug/mL Triphenyl Phosphate 1.0

Table 4

Mlatrix Spike and LCS Solutions

Matrix Spike
Analyte Group Solution ID Volume (rnL)

13NA 100 ppm BNA All-Analyte 0.2
Spike & Restek Spike

13NA /SIM 100 ppm B3NA AlI-Analyte 0.2 / 0.02
Spike & Restek Spike _ _ _ _ _ _ _ _ _ _ _ _ _ _

PEST Pest NPDES Spike 1.0

PEST TCLP Pest TCLP Spike 1.0

PCI3 10 ppmn PCB3 Spike 1.0

PAFI See Spike List - Table 6 1.0

TPHI See Spike List - Table 6 1.0

Opp See Spike List - Table 6 1.0
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Table 5
Surrogate Spike Components _____ ____

Conc.

Type Compounds Solvent (pg/mL)

BNA 2-Fluorobiphenyl Methanol 100

Nitrobenzene-d5 100

p-Terphenyl-dl14 100

2-Fluorophenol 15O

Phenol-d6 150

2,4,6-Tribromophenol 150

1 ,2-Dichlorobenzenc-d4 100

2-Chlorophenol-d4 150

Pest/PCB Decachlorobiphenyl Methanol 0.2
Acetone

Tetrachloro-m-xylene 0.2

TPH Nonane (C9) Methanol 40.0

PAH p-Terphenyl-d-14 CH3CN 1.0

Benzo(e)pyrcne 5.0

OPP Triphenyiphosphate Acetone 10.0

Trable 6

Matrix Spike Cornponents __________

Cone.
Type Compounds Solvent (Vig/ul-)

TCL I3NA Acenaphthene Methanol 100

4-Chloro-3-Methylphenol 150

2-Chlorophenol 150

I1,4-Dichlorobenzcne 100

2,4-Dinitrotoluene 100

4-N itrophienol 150
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Table 6

__________ MatrixSpikeComponents _____

Cone.
Type Compounds Solvent Qig/mL)

N-Nitroso-Di-n-Propylamine 100

Pontachilorophecnol15

Phenol ISO

Pyrene 100

I1,2,4-Trichlorobenzene 100

B3NA 1,4-Diehlorobenzene Methanol 100

TCLP 2,4-Dinitrotoluene 100

Hexaclilorobenzcnc 100

Hex1cachlIorobUtadi one tOO

H oxachlIoroethane 100

2-M ethlyIphenol 100

3-Methyl phenol 100

4-Methyl phenol 100

N itrobonzcnc 100

Pentach lorophernol 100

Pyridi no 100

2,4,5-Trichlorophenol 100

~2,4,6-Trichlorophenol 100

BNA Methanol
NPDES

Acenaplhthenc 100

Acenaphithylene 100

Anthraccen 100

B~etzo(a)anthracenc 100

IBc~nzo(b)fluoranthonceehao 100
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Table 6

Matrix Spike Cornponents ____ ____

Conc.
Type Compounds Solvent (pig/mL)

Benzo(k)fluoranthene 100

IBenzo(a)pyrene [] 100

Benzo(ghi)perylene 100

Benzyl butyl phthalate 100

Bis(2-chloroethyl)ether 100

Bis(2-chloroethoxy)metbane 100

Bis(2-ethylhexyl)phthalate 100

Bis(2-chloroisopropyl)ether 100

4-Bromophetnyl phenyl ether 100

2-Chloronaphthalenc 100

4-Chlorophenyl phenyl ether 100

Chrysene 100

Dibenzo(a,h)anthracene 100

Di-n-butylphthalate 100

1 ,3-Dichlorobenzene 100

I1,2-Dichlorobenzene 100

1 ,4-Dichlorobenzenc 100

3,3'-Dichlorobenzidine 100

Diethyl phthalate 100

Dimethyl phthalate 100

2,4-Dinitrotoluene 100

2,6-DOnitrotoluene 100

Di-n-octylphthalate 100

Fluoranthene 100

Fluorene10
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Table 6

__________ Matrix Spike Components _____

Cone.
Type Compounds Solvent (pig/mL)

Hcxachlorobenzcne 100

Hexachlilorobutadiene 100

H exach loroethane 100

lIndcno(I1,2,3-cd)pyrene 100

lsophorone 100

Naphthalene lOG

N itrobcenzcnc 100

N-Nitrosodi-n-propylaminc 100

Ph ena nthrcne 100

Pyrene lOG

I1,2,4-Trichlorobcnzenc 100

4-ChlIoro-3 -methylphecnol 100

2-Chlorophenol lOG

2,4- Di chlorophenol 100

2,4-Dimethylphenol 100

2,4-Dinitrophenol 100

2-Mclhyl-4,6-dinitr-ophenol 100

2-Nitrophenol 100

4-Nitrophenol 100

Pentach lorophenol 100

Phenlol 100

2,4, 6-TrichlIoroplicnol 100

Acetophcnone 100

Atrazi ne 1OO

Capto laCtUlm 100
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Table 6

Matrix Spike Components ____

Cone.

Type Compounds Solvent (pig/mL)

Bcnzaldehyde 100

1,1 '-Biphenyl 100

Safrole ~~~~~~~~~~100

1,4-Dioxane ~~~~~~~~100

Pronamide ~~~~~~~~~100

p-Chlorobenzilate 100

Phenacetin 100

Ethyl methanesulfonate 100

2-Picoline 100

Phorate 100

Quinioline 100

Pest TCLP Heptachior Methanol 0.5

Acetone

H-eptachlor epoxide 0.5

Lindane 0.5

Endrin 0.5

Methoxychlor 1.0

Pest Aldrin Methanol 1.0

NPDES Acetone
/Pest

alpha-BHC 1.0

beta-BHC 1.0

delta-BHC 1.0

garnma-BHC (Lindane) 1.0

4,4'-DDD 1.0

4,4'-DDE 1.0
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Table 6

Matrix Spike Components

Cone.
Type Compounds Solvent (pg/mL)

4,4'-DDT 1.0

Dicldrin 1.0

alpha-Endosulfan 1.0

beta-EndlosulIfan 1.0

Endosulfan Sulfate 1.0

Endrin 1.0

Heptachlor 1.0

JHeptachlor Epoxide j _______ I.0

Diesel Range Organics (801583) Spike
Cornpoind Final Concentration

n-decane 50 pg/nil
n1-dodecanc 50 pg/ni

11-tctiadecanc 50 pg/tnt
n-hexadccane 50 pg/tnt
ni-octadcanc 50 pg/tntI
n-cicosanic 50 pg/nil
n-docosane 50 pg/ml

n-tetracosane 50 pg/mI
n-hcxacosanc 50 Vg/mI
n-octatcosane 50 pg/mI

Organophorphorou Pesticides (8141A)
Compound Final Concentration
dimnethoate 20 pg/mL
disulfoton 20 pg/tnL
fanmphur 20 pg/inL

mnethyl parathion 20 p g/inL
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parathion (ethyl) 20 Jig/mL
phorate 20 gg/mL

sulfotcpp 20 jig/mL
thionazin 20 p/mL

o,o,co-tricthyl phosphorothioatc 20 pg/mL
triphenyiphosphate (surrogate) 20 gg/mL

Polynuclear Aromatic Hydrocarbons (8310)
Compound Final Concentration
Acenaplithylenc 10 pg/mL
Carbazole 10 Vig/mL
Naplithalcnc 10 pag/mL
I-Mcthylnaphthalcnc 10 pg/rnL
2-Mcthylnaphthalcnc 10 pg/rnL
Accnaphthenc 10 pg/rnL
Fluorene 2 jig/mnL
Phcnantlircne 2 pjg/mnL
Anthraccnc 2 jig/mnL
FIluoranthecnc 2 pg/nnL
Pyrenc 2 pg/mL
B~enzo(a)anthraccnc 2 pg/mnL
Chryscnc 2 pg/miL
Bcenzo(a)pyrcnc 2 pg/nmL
F3cnzo(k)fluoranthcnc 2 pg/miL
Becnzo(ai)pyrcenck)fluor-anthclnc 2 pg/mnL
[)ibcnzo(a,hl)anthraccnc 2 pg/mnL
Bcnzo(g,h,l)pcrylenc 2 pg/nnL
Indcno(1I,2,3-cd)pyrcnc 2 pg/mnL
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17.5. Flow diagrams

17.5.1. Separatory funnl extraction
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Adsurrogate
to al samples Collect and

sadrsand combine extracts
blanks

Check and adjust Exrac fore
pH etat

No No

Yes Extract 3 times cncentration
and cleanup

17.5.2. Continuous liquid/liquid extraction
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Add reagent water
Set up extractor to push 250mL of

methylene chloride
into extractor flask

Add methylen Extract for
chloride to appropriate 4

extractor bod number of hours

Add sample to xtrctn as
extractor body ecessary

No

Add surrogate Go to
and other spikesconcentration
and othe spikesand cleanup

Adjust pH if
necessary
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17.5.3. Sonication Extraction

Deemine %Filter through
moisture ifsodium sulfate
required)

Repeat
Determine pH (if soiain and

required) flrto wc

Weigh 30g ofGot
sample and add conentration
sodium sulfate and cleanup

Sunrogates and
spIkes i
required

Appropriate
solvent
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17.5.4. Soxhlet extraction

Determine % Extract for 16-24
moisture (if hours with
required) appropriate

solvent

Determine pH (if Filter through
required) sodium sulfate

Weigh 309 of Go to
sample and add concentration
sodium sulfate and cleanup

Pace samp le/

mixture n

Add surrogates
and spikes
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17.5.5. Concentration and cleanup

2or

Concentrate to ~ ~ a e n

performed ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~PefrmGC

Florisil cleanup Collect eluateect orrec
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1. SCOPE AND APPLICATION

1. 1. This method is applicable to the extraction of chlorinated herbicides in waters,
solids, oils, and TCLP extracts. Appropriate compounds for extraction by this
method are listed in CORP-GC-OOO1, Appendix ID, Gas Chromatography of
Phenoxy Acid Herbicides based on Method 8151 IA.

2. SUMMARY OFNMETHOD
2.1. This method is based on SW846imethod 8151A. Aqueous samples are hydrolyzed if

esters and acids are to be determined, then washed with methylene chloride by a
separatory funnel extraction. After acidifying the sample the free acids are extracted
into diethyl ether. Solids are extracted into methylene chloride! acetone by
sonication. If esters and acids are to be determined, the extract is hydrolyzed and
extracted into diethyl ether. For both soils and aqueous samples, the free acid
herbicides in the ether extract are esterified. The final volume is adjusted to prepare
the extract for gas chromatography.

3. DEFINITIONS
3. 1. Reibr to section 3 of the main body of this SOP.

4. INTERFERENCES

4. 1. Refecr to section 4 of the main body of this SOP.

5. SAFETY

5.1. Refer to section 5 ofthe main body this SOP For basic safety information.

5.2. DIAZOMETHANE is an extremely toxic gas with an explosion potential. Since the
explosion potential is catalyzed by imperfections in glass, generation of
diazonicthane must be carried out in glassware free of scratches, cracks, chips and
which does not have ground glassjoints. Solutions of diazomethane will be kept at
temperatures below 90"C. Diazomecthane must be generated and handled in a fiume
hfood.

5.3. Diethyl ether must be free of peroxides as demonstrated by EM (or equivalent)
Quant test strips. This test can be done every time the ether is used or once per
week if the bottle is marked with the test dlate(s).

5.4. Concentrated potassium hydroxide Solution is highly caustic.
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Nitric Oxdzr 2 ppmn- Nitric acid is extremely hazardous; it is corrosive,

Acid Poison TWA reactive, an oxidizer, and a poison. Inhalation of

4 ppmn- vapors can cause breathing difficulties and lead to

STEL pneumonia and pulmonary edema, which may be

fatal. Other symptoms may include coughing,
choking, and irritation of the nose, throat, and

respiratory tract. Can cause redness, pain, and

severe skin bums. Concentrated solutions cause
deep ulcers and stain skin a yellow or yellow-

brown color. Vapors are irritating and may cause

damage to the eyes. Contact may cause severe
bums and permanent eye damage.

Ethyl Flammabl 400 ppm- General anesthesia by inhalation can occur.

Ether e TWA Continued exposure may lead to respiratory

Irritant failure or death. Early symptoms include irritation

Peroxide of nose and throat, vomiting, and irregular

Former respiration, followed by dizziness, drowsiness,
and unconsciousness. May cause irritation,
redness and pain to the eyes. Irritating to the skin

and mucous membranes by drying effect. Can
cause dermatitis on prolonged exposure. May be

absorbcd through skin. May form explosive
peroxides on long standing or after exposure to
air or light. This material must be disposed of

___________ Iwithin six months.

I- Alway d cdt ae opeetvoetratos
2 - Exposure limit refers to the OSHAN regulatoy exposure limit.

6. EQUIPMENT AND SUPPLIES

6. 1. Refer to Section 6 of the main body of this SOP for basic extraction equipment and

supplies. Additional equipment and supplics needed for this procedure arc listed

below.

6.2. Diazornethante generation apparatus

'7. REAGENTS AND STANDARDS

7. 1. Reagents arc listed in Section?7 of the main body of this SOP. Additional reagents

and standards needed for this procedure are listed below.

7.2. Reagents
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7.2. 1. Potassium hydroxide Solution, 37% aqueous Solution, (w/v): Dissolve 37 g of
potassium hydroxide pellets in reagent water and dilute to 100 mL. Caution:
Considerable heat will be generated. Other volumes of solution may be made up
as convenient.

7.2.2. Toluene, reagent grade

7.2.3. 2-(2-Ethoxye~hoxy)ethanol, trade name Carbitol, 98%+purity

7.2.4. Diazald, 99% purity

7.2.5. Sodium sulfate, Na 2SO 4, Anhydrous, granular, acidified: Heat sodium sulfate
in a shallow tray at 400T' for a Minimum of 4 hours to remove phthalates and
other interfering organic substances. In a large beaker, acidify by slurrying 500
g sodium sulfate With just enough diethyl ether to cover. Add 20 ml- of
concentrated sulfuric acid and mix thoroughly. Place the mixture on a steam
bath iii a hood to evaporate the ether, or allow the ether to evaporate overnight.
Larger or smaller batches of acidified sodium sulfate may be prepared using the
reagents in the same proportions.

7.2.6. SodiUmn Chloride, NaCI

7.2.7. BF3-Methanol, Boron trillUoride-MeOH-, lab use only

7.2.8. Diethyl ether, reagent grade.

7.2.9. Tn miiethyl s ilydi aomcithiane

7.2. 10. Methanol, reagent grade.

7.2.1 1. Silica gel

7.2.12. 2% mecthanolic KOH, semi-conductor grade

7.3. Standards

7.3. 1. Surrogate Standard

7.3.1.1. See Table A3.

7.3.2. Matrix Spike and LCS standard

7.3.3. See Table A4.
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8. SAMPLE COLLECTION PRESERVATION AND STORAGE

8. 1. Sample collection and storage is described in Section 8 of the main body of this

SOP.

9. QUALITY CONTROL

9. 1. Refer to Section 9 of the main body of this SOP for Quality control procedures.

10. CALIBRATION AND STANDARDIZATION

10.1. Not applicable

11.PROCEDURE

11.1. Preparation of Aqueous Samples

1. 1. 1. Weigh the sample bottle and pour approximately 500 ml (100 ml- for

TCLP leachates) into a I liter wide-mouth amber jar. Reweigh the bottle and

record the sample volume on the benchsheet, assuming a density of 1.0.

Alternatively, measure 500 ml in a graduated cylinder. If less than 500 mL

was used, reagent water may be added to make the volume up to 500 mL.

Note: Aqueous samples must be determined volumetrically for Ohio VAP

sampleCs.

I11. 1.2. Spike each sample blank, LCS and MS with 1.0 mL of DCAA surrogate

solution. Spike matrix spikes and LCS with I mL of herbicide matrix

spiking solution. (Refer to tables AlI and A2 )

11.1.3. Add 60-80 g of NaCl to the sample and shake to dissolve the salt.

11. 1.4. Hydrolysis

11.1.4.1. Use this step only if herbicide esters in addition to herbicide acids

are to be determined. This is normally the ease. If the herbicide esters

are not to be determined, omit this step and go to 1 1.4.1.8.

11.1.4.2. Add 3 mL of ION NaGH to the sample, seal and shake. Check the pH

of the sample with pH paper. If the pH of the sample is not >12 adjust to

> 12 by adding more NaOH. Let the sample sit at room temperature for 2
hours to complete the hydrolysis.

11.1.4.3. Add 300 mL of methylcne chloride to the amnberjar.
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11.1.4.4. Prior to placing samples in tumbler, the samples should be shaken Or
rotated vigorously for 2 minutes, venting as necessary. Place the samples
in tumbler and allow them to tumble for one (1) hour, Allow the organic
layer to separate from the aqueous layer. If an emulsion layer greater than
one third of the solvent layer forms, use mechanical techniques to
complete the phase separation. Suggested techniques are stirring, filtration
through glass wool and centrifugation.

11.1.4.5. Pouir contents of arberjar into a pre-rinsed teflon sep funnel.

11.1.4.6. Discard the methylene chloride phase.

11.1.4.7. Add 6 mL of cold (40C) 1: I sulfuric acid to the sample. Seal, and
shake to muix. Check the pH of the sample with pH paper. If the pH is not
< 2, and more acid to adjust the pH to < 2.

C~aution: Addtition of acid mtay cautseheat and/or pressutre buildlitp.

1 1.1.4.8. Add I100 nL- diethyl ether to the sample and extract by shaking or
rotating vigorously for I0 minutes, venting as necessary. Allow the
organic layer to separate from the aqueous layer. If an emulsion layer
greater than one third of the solvent layer forms, use mechanical
techniques to complete the phase separation. Suggested techniques are
stirring, filtration through glass wool and centrifugation.

1 1.1.4.9. Drain the aqueous layer into a clean flask or beaker. Collect the ethler
phase in a clean flask or bottle containing approximately l Og of acidified
,anhydrous sodium sulftht.

I11. 1.4. 10. Return the aqueous phase to the separatory funnel, add I100 mL11
diethyl ether and repeat the extraction procedure a second time,
combining the ether extracts. Repeat the extraction a third time with 100
mnL diethyl ether. Discard the aqueous phase after the third extraction.

I11. 1.4.1 1. Allow the extract to remain in contact with the sodium sulfate for at
least 2 hours, shaking periodically. (May be left overnight). The drying
step is critical: ifthe sodium sulfate solidifies in a cake, add a few
additional gramrs of acidified sodium sulfate. The amount of sodium
sulfate is sufficient if some free flowing crystals are visible when the
flask or bottle is swirled or shaken.

I11. 1.4.12. Proceed to Section 1 1.5, Concentration.

1 1.2. Extraction of soil and sediment samples
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11.2.1. Decant and discard any water layer on a sediment/soil sample. Record and
document if a water layer was discarded on the benchsheet. Homogenize the
sample by mixing it thoroughly in the container. If this is not possible place
the sample in clean beaker and homogenize. Upon completion of
homogenization in beaker return sample to original container. Discard
foreign objects such as sticks, leaves and rocks, unless extraction of this
material is required by client. If the sample consists primarily of foreign
materials consult with the client (via the Project Manager or Administrator).

11.2.2. Weigh 50.0 gof moist solid samiple into aclean glassjar. Use 50g of sodium
sulfate for the Method Blank and the LCS. Acidify the sample with 5 mL of
concentrated HCI.

11.2.3. There should be a small amount of liquid phase. If not, add reagent water
until there is. Stir well with a spatula. (Note: This is not necessary for the
method blank or LCS)

11.2.4. After 1 5 minutes, stir with a spatula and cheek the pH of the liquid phase.
Add miote acid ifnecessary to bring the pH to <2, repeating the stirring and
standing time after each acid addition. (Note: The pH of the method blank
and LCS are not determined.)

1 1.2.5. Add 60 g of acidified sodium su~lfie and mnix well. The sample should be
free flowing. If not, add more sodium sulfate.

11.2.6. Spike each sample blank, LCS and MS with 1.0 trl- of DCAA surrogate
solution. Spike matrix spikes and LCS with I inL of herbicide matrix spiking
solution. (Refer to tables A I and A2)

11.2.7. Add a minimum of 100 mnL of 1: I methylenec ehloride:acetone to the beaker or
I100 inL of methylene chloride for long list (dinoseb).

11.2.8. Place the bottom surface of the appropriate disrupter horn tip approximately '/2
inch below the surface of' the solvent, but above the sediment layer.

11.2.9. Sonicate for 3 minutes, making sure the entire sample is agitated.

11.2.10. Loosely plug the stemn of a 75 mmi x 75 mim glass funnel with glass
wool and/or line the funnel with filter paper. Add 10-20 g of anhydrous sodium
sulf"Ide to the funnel cup.

11.2.11. Place the prepared funnel on a collection apparatus. lf the herbicide
esters are not to be determined, the collection apparatus is a bottle or flask
containing approximately lOg of anhydrous acidified sodium sulfbte. If the
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herbicide esters are to be determined, (normally the case) the collection
apparatus is glassware suitable for the hydrolysis step, typically a KDL flask or
Turbovap tube.

11 .2.12. Decant and filter extracts through the prepared funnel into the
collection apparatus.

11.2.13. Repeat the extraction two more times with additional 1 00 mL
minimum portions of the appropriate solvent each time. Decant off extraction
solvent after each sonication. On the final sonication pour the entire sample
(sediment and solvent) into the funnel and rinse with an additional 10 mOL-20
mL of the methylene chloride/acetone.

Note: Alternatively, the three extracts may be collected together and
then filtered through the sodium sulfate.

11.2.14. If the herbicide esters are not to be determined, dry the extract as
described in Section 1 1.4 or go to cleanup, Section 1 1.3. If the
herbicide esters are to be determnined (normally the case) proceed to
Section 28.2.1I5

1 1.2.15, Add 5 rml-of 37% aqueous potassium hydroxide and 30 mL of water
to the extract. Check the pH with pH paper. If the pH is not > 12,
adjust with additional KOH.

1 1.2.16. Heat onl a water bath at 60-65"'C for 2 hours. Allow to cool. Higher
temperatures, tip to 90~'C, may be used if needed to remove the ether
layer within 2 hours.

11.2.1 7. Transfecr the solution to a separatory funnel and extract three times
with I100 ml- portions of inethylene chloride. Discard the methylene
chloride phase. The aqueous solution contains the herbicides.

1 1.2.18. Adjust the pH of the solution to <2 with 1: I sulfuric acid.

1 1.2.19. Extract three times with 60 mL diethyl ether.

1 1.2.20. Proceed to Section 1 1.3, Cleanup, if required, or Section 1 1.4, Extract
drying.

1 1.3. Cleanup

1 1.3.1. This cleanup step may be necessary if the procedure for
determining the herbicide acids only is being followed. (See
Section 28.2.14) It is not normally required if the acids and esters
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are being determined. (The usual case.) If cleanup is not required,
proceed to Section 28.4, Extract drying.

11.3.2. Prepare 45 ml- of basic extraction fluid by mixing 30 ml- of reagent

water with 15 ml, of 37% KOH-. Use three 15 mL portions of this
fluid to partition the extract from section 28.2.12 or 28.2.20, using a

small separatory funnel. Discard the organic phase.

11.3.3. Adjust the pH of the solution to <2 with cold (40C) sulfuric acid.
(1: 1). Extract once with 40 mL diethyl ether and twice with 20OmL
diethyl ether.

Caution: Addition of acid may cause heat and/or pressure build up.

11.4. Extract drying

11 .4.1. Pour the extracts through a funnel containing acidified sodium sulfate
into a flask or bottle containing approximately 10 g acidified sodium

sulfate. Rinse the funnel with a little extra diethyl ether.

11.4.2. Allow the extract to remain in contact with the sodium sulfate for at

least 2 hours, shaking periodically. (May be left overnight). The drying

step is critical: if the sodium sulfate solidifies in a cake, add a few

additional grams of acidified sodium sulfate. The amount of sodium

sulfate is sufficient if some free flowing crystals are visible when the
flask or bottle is swirled or shaken. Proceed to Section 28.5,

concentration.

11.5. Concentration

11.5.1. Transfer the ether extract into a Turbovap concentrator tube or a 500 ml-

K-D flask equipped with a 10 mnL concentrator tube. Use a stirring rod

to crush the caked sodium sulfate during transfer. Rinse the flask or
bottle with 20-30 ml, ether to complete transfer.

11.5.2. Attach a three ball Snyder column to the K-D apparatus, prewet the

column with a few mL of ether from the top, and place the apparatus
on a water bath at approximately 6O0 C. At the proper rate of

distillation, the balls of the column will chatter, but the chambers will
not flood. When the apparent volume reaches 2 mL, remove from the

water bath and allow to completely cool.

11.5.3. For TCLP extracts only, add 4 mL of toluene to the K-D (buffer reacts

with diazald solution used in esterifieation).
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11.5.4. Remove TCLP extracts at approximately 2 mL when boiling slows and only
toluene is remaining. Cool and cap in CT.

11.5.5. Carefully disassemble the concentrator tube and rinse the lower glass
joint with a small amount of diethyl ether.

11.5.6. The extract is now ready for esterification by the Diazomethane Bubbler
Method (Section 1 1.7) or the TCLP esterification by Boron Triflouride

Method (Section 11.8).

11.6. E~sterification (Bubbler Method)

11.6.1. Assemble the diazomethane apparatus (see figure below) in a hood.
Add 25-30 nmL of diethyl ether to tube 1. Add 1.5 mL 37% KOH, I
rmL Carbitol, and I nmL of ether and 3-4 g of diazald to tube 2.

11.6.2. Place the tip of the disposable pipette into the vial containing the first
sample extract. Apply nitrogen flow (approx. 10 mL/min) to bubble
diazonnethane through the sample extract for about 4-5 minutes. Replace
the disposable pipette and place the tip into the vial containing tile second
extract. Replace Tube 2 Solution after second extract.

1 1.6.3. Allow the extracts to stand for 20 minutes, then add approximately 0.2 g
of'silica gel to each extract. Allow to stand for an additional 20 minutes.

11.6.4. Adjust the volumie to 10 rnL with hcxane. The sample is now ready for gas
c hrominatograph y.

11.6.5. A routine l OX dilution Occurs on final extracts for all samples. Due to
a QuantiMS limitation, the dilution factor field in QuantiMS cannot be
used when a dilution is routine, because the dilution factor is
automatically applied to all reference values creating reporting
problems. For the herbicide analysis, the extract volume will be IlOmL
and an aliquot at l OX dilution will be analyzed. The final extract
volume recorded on the laboratory bench sheet will be recorded as
IlO0nL to avoid using the dilution factor field in QuantIMS.

11.7. lExterification by Boron trifluoride (TCLP extracts only).

11.7.1. To the concentrator tube with the extract, add 2 imL of Boron trifluoride.
Place a two-ball muicro-Snyder Column on the concentrator tube and place
in the Hot-Blok water bath adjusted to 35-400 C for 60 minutes. Remove
and let cool for approximately ten minutes.
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11.7.2. With a 10 mL graduated disposable 5-3/4" pipette 4.5 mL of 5% neutral

sodium sulfate and place it in the concentrator tube. Seal with a tight

fitting ground glass stopper. Vortex the mixture for one minute. Let

stand for ten minutes to settle. With a 5-3/4" disposable pipette,

withdraw the bottom aqueous layer into a 16 x 100 culture tube for proper

disposal.
11.7.3. Prepare a clean up column in a 5-3/4" disposable pipette by placing a

small amount of glass wool in the narrow end of the pipette and add

about ½/ inch - 1 inch of florisil and sodium sulfate each. Leave about a 1

inch gap at the top. Place the extract in the clean-up column and gently

force it through by using a pipette bulb into a small test tube. Care
should be taken to avoid channeling. Rinse the concentrator tube with
1-2 mL of toluene. Transfer the column rinsate into the test tube. Rinse

the column with additional toluene. There should be approximately 4 mL

collected in the test tube. Bring the final volume to 10 mL with toluene

by visually comparing it to a calibrated collection tube.

Note: It is critical that all toluene is retained and no water should
enter the column.

II .8 Esterification by Trimethylsilydiazomethane

11.8.2 Exchange the extract into Hexane and concentrate to 2.0 mls. 200 uL
of Methanol is added to the extract then 100 ul, of the

trimethylsilyldiazomnethane solution. The extract then turns a yellow

colour. If this does not occur, then an additional 100 uL aliquot is
added until the yellow persists. The extract then sits for 1 hour at

room temperature to allow the inethylation reaction to proceed. After

1 hour, the reaction is halted and the diazomethanc removed by the

addition of silicic acid. The extract is then brought up to a final

volume of 1 0.0 mls with Hexane and submitted for analysis.
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Nitrogen

Gass Tbn
-- ubber Stopper

Collection

Tubel1 Tube 2

12. DATA ANALYSIS AND CALCULATIONS

12.1I. Not applicable

13. METHOD PERFORMANCE

13. 1. Refer to CORP-GC-OOO I for details of method performance.

14. POLLUTION PREVENTION
14.1. Refer to Section 14 of the main body of this SOP.

IS. WASTE MANAGEMENT
15.1. Refer to Section 15 of the main body of this SOP.
15.2. The following waste streams are produced when this method is carried out.

15.2. 1. Aqueous acidic waste. These wastes are disposed of in the liquid-liqUid
separation unit

15.2.2. Non-hazardous sodium sulfate. Non hazardous substances can be
disposed of in the regular trash.
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16. REFERENCES

16.1. SW846, Test Methods for Evaluating Solid Waste, Third Edition, Update Ill,

December 1996, Chlorinated Herbicides, Method 8 15 1 A.

17. MISCELLANEOUS

17.1. Modifications from Reference Method

17. 1. 1. Directions to add sufficient reagent water to the soil sample so that the pH

can be measured have been added (Section 1 1.5.2)

17.1.2. The bubbler esterification method uses methanolic KOH in place of the

aqueous KOH / carbitol mixture recommended in method SISOB3. This has

been found to provide a more effective and reliable esterification.

17.2. Modifications from previous revisions

17.2. 1. References have been updated

17.3. Tables

Table Al

Herbicide Surrogate Spikin Souins

Surrogate Spike
Solution ID Volume (mL)

Herbicie Hebiidsoatrp.

Herbicides Herbicides Soilr 1.0

Table A2

Herbicide Matrix Spike and LCS Solutions

Marix Spike

Analyte Group Soution ID Volume (mL)

Herbicides Herbicides MS-Soil 1.0

Herbicides Hericides MS-Watr 1 .0
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Table A3
Herbicide Surrogate Spike Components

Cone.
Type Compounds' Solvent (ug/mL)

Herbicides WS 2,4-DCAA Acetone 2

Herbicides SS 2,4-DCAA Acetone 20

Methanol

The surrogate is spiked as the free acid

Table A4
Herbicide Matrix Spike Components ____

Type ~~Compounds' Compounds' Water/Soil TCLP
Type ~~~~~~Solvent Cone, only

(ug/mL) Cone.
_____ ____ ____ ___ ____ ____ _____ ___________ ___________ (ug/nl-)

Herbicides MS 2,4-D Methanol 16 2

2,4-1D13 16 2

2,4,5-TP (Silvex) 4 0.5

DalIapon 8

Dicamiba 8 1

______ ______ Dichloroprop j_ _ _ _ _ j 16

Dwioscb I2.5 0.3
2,4,5-T 4 0.5

MCPA 1600

MOpP 1600

Pcitachlorophenol 2

'The herbicide spiking solution contains the herbicides as the free acids.
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Extraction of Aqueous Samples

Measure weight or Add 17 mL 1:1 sulfuric
volume of sample and acid. Shake and check
transfer to a separator pHi N

funnel

Hydroysis Ad 17 mL L ieh

NaGH to sample and~thr nd xtac b
shake. Check pH> 12.sakig. olectth

Leave for 2 hr. ~~ ~ thr pas

Ad a0nLMe~an

Dicard the Meo

Repeat extractionepattheexra o

twice more2 dicrdinge drin

DsadteMeC2
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Extraction of Soils and Sediments

Weigh the soil into a Hdoyi:Ad5m
glass beaker. Acidify37KOan30m

with HGI wtrt h xrc

Add 60g sodium
sulfate to dry the Ha o6-5 o

samplehor

Yes

Spike as necessary, ~~~~~~~Extract 3 times with
then add 100 mL MeCl-%Dscr h
MeCI 2/Acetone M~-

Sonicate for 3 minutes

Adust the pH to 2
with 1:1 sulfuric ai

ericiudeesr?
Extract once with 40
ml- ether and twice

No ~~~~~~~~~~~with 20 mL ethert Save
the ether phase

Yes

Extract 3 times with Acidify to pH < 2 and
basic extraction fluid, extract 3 times with Proceed todriga
(sec 11.4) Discard the diethyl ether. Save the . concentrto

organic phase ether phase
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Drying, Concentration and Esterification

Combine the ether
extracts from the Add 0.1 mL methanol
aqueous or soil

extraction

Pour through a filter Esterify using the
funnel into a bottle or bubbler or

flask containing sodium diazomethane solution
sulfate. mto

Ensure that someAduto vom
sodium sulfate remains Adjus to fiavlm
free flowing Leave for a

at least two hours

Transfer to a KD or
turbovap Concentrate

to 2-5 mL

Concentaeo
approximately 1 mL on
a nitrogen evaporation

apparatus.
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1 SCOPE AND APPLICATION

..1. This procedure describes the preparation and analysis of mercury (Hg, CAS # 7439-97-6)
by Cold Vapor Atomic Absorption Spectroscopy (CVAA) using SW-846 Method 7470A
and MCAWVW Method 245. 1.

1.2. The associated LIMs method codes are BL (Method 245. 1) and 08 (Method 7470A).

1.3. CVAA analysis provides for the determination of total mercury (organic and inorganic). The
combination of the oxidants, potassium pennanganate and potassium persulfate, has been
found to give I100% recovery with both types of compounds. Detection limits, sensitivity
and optimum concentration ranges for mercury analysis will vary with the matrices,
instrumentation and volume of sample used.

1.4. Method 7470A is applicable to the preparation and analysis of mercury in ground water,
aqueous samples, TCLP, and other leachates/extracts. Certain solid and sludge type
wastes may also be analyzed, however Method 7471 IA (see CORP-MT-OOO7NC) is
usually the method of choice. All matrices require sample preparation prior to analysis.

1.5. Method 245.1 is applicable to the determination oftmercUry in drinking, Surface and saline
waters and domestic anid industrial wastes. All matrices require sample preparation prior to
analysis.

I1.6. Thre STL North Canton reporting limit for mercIury in aqueous matrices is 0.0002 mng/L
except for TCLP or SPLP leachates for which the reporting limit is 0.002 mng/L.

2. SUMMARY OF METHOD

2.1I. This SOP describes a technique for the determination of mercury in solution. The
procedure is a physical method based on the absorption of radiation at 253.7 nmr by
mercury vapor. A representative portion of the sample is digested in sulfuric and nitric
acids. Organic mercury Compounds are oxidized with potassium pennianganate and
potassium persul fate and the mercury reduced to its elemental state with stannous chloride
and aerated from Solution in a closed system. Thre mercury vapor passes through a cell
positioned in the light path of anr atomic absorption spectrophotometer. Absorbance is
Measured as a function ofmer1cVUry concentration. Concentration of the analyte in the
sample is deterinined by comparison of the sample absorbance to the calibration curve
(absorbance vs. concentration).
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3 . DEFINITIONS

3.1. Dissolved Metals: Those elements which pass through a 0.45 urn membrane. (Sample is

acidified after filtration).

3.2. Suspended Metals: Those elements which are retained by a 0.45 urn membrane.

3.3. Total Metals: The concentration determined on an unfiltered sample following digestion.

4. INTERFERENCES

Chemical and physical interferences may be encountered when analyzing samples using this method.

4.1. Potassium permaniganrate, which is used to breakdown organic mercury compounds also

eliminates possible interferences from sulfide. Concentrations as high as 20 mg/L of sulfide

as sodium sulfide do not interfere with the recovery of inorganic mercury from reagent

water.

4.2. Copper has also been reported to interfere; however, copper concentrations as high as 10

mg!L had no effect on the recovery of mercury from spiked samples.

4.3. Chlorides can cause a positive interference. Sea waters, brines and industrial effluents high

in chlorides require additional pcrmanganate (as much as 25 nl-) because, during the

oxidation step, chlorides are converted to free chlorine, which also absorbs radiation at

253.7 nm. Care must be taken to ensure that free chlorine is absent before the mercury is

reduced and swept into the cell. This is accomplished by adding excess hydroxylamine

reagent (25 ml-) and purging the sample headspace before stannous chloride is added.

Both inorganic and organic mercury spikes have been quantitatively recovered from

seawater using this technrique.

Note: Sufficient addition of permanganrate is apparent when the purple color persists at

least 15 minutes. Some samples may require dilution prior to digestion due to

extremely high concentrations of chloride.

4.4. Interference from certain volatile organic materials that absorb at this wavelength may also

occur. While the possibility of absorption from certain organic substances present in the

sample does exist, this problem is not routinely encountered. This is mentioned only to

caution the analyst of the possibility.
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4.5. Samples containing high concentrations of oxidizing organic materials, as evidenced by high
COD levels, may not be completely oxidized by this procedure. When this occurs the
recovery of mercuiy will be low.

4.6. The most common interference is laboratory contamination, which may arise firom impure
reagents, dirty glassware, improper sample transfers, dirty work areas, cet. Be aware of
potential sources of contamination and take appropriate measures to minimize or avoid
them.

5. SAFETY

5.1. Employees must abide by thle policies and procedures in the Corporate Safety Manual,
Radiation Safety Manual and this document.

5.2. Eye protection that protects against splash, laboratory coat, and appropriate gloves must be
worn while samples, standards, solvents, and reagents are being handled. Disposable
gloves that have been contaminated will be removed and discarded; other gloves will be
cleaned immediately.

5.3. The folliowing is a list of the materials used in this method, which have a serious or significant
hazard rating. NOTE: This list does not include all materials used in thle method. The table
contains a summary of the primary hazards listed in the MSDS for each of thle materials
listed iii the table. A complete list ofimaterials used in the method canl be found in the
reagents and materials section. Employees must review the informnation in thle MSDS for
each material before using it for the first itime or when there are major changes to the
MSDS.

Material (1) h azarids Exposu~re Limit Signs and symptoms of exposure

Sulfuric Acid Corrosive I Mg/M3-TWA Inhalation produces damaging effects on the
maucous membranes and tipper respiratory tract

Oxidizer Symptoms may include irritation of the nose anti
throat, anti labored brcathing. Symptoms of redness,

Dehydrator pain, and severe buirn can occur Contact can cause
blurred vision, redness, pain and severe tissue

Poison burns. Can cause blindness.

Nitric Acid Corrosive 2 ppmn-TWA Nitric acid is extremely hazardous; it is corrosive,
reactive, an oxidizer,, and a poison. Inhalation of

Oxidizer 4 ppmn-STEL, vapors can cause breathing difficulties and lead to
___________________patneuonia and pulmonar11ay edemra, which may be
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fatal. Other symptoms may include coughing,

Poison choking, and irritation of the nose, throat, and
respiratory tract. Can cause redness, pain, and

severe skin burns Concentrated solutions cause

deep ulcers and stain skin a yellow or yellow-brown

color. Vapors are irritating and may cause damage to

the eyes. Contact may cause severe burns and

permanent eyec damage.

Hydrochloric Corrosive 5 PPM-Ceiling Inhalation of vapors can cause coughing, choking,

Acid inflammation of the nose, throat, and tipper

Poison respiratory tract, and in severe cases, pulmonary

edema, circulatory failure, and death. Can cause

redness, pain, and severe skin burns. Vapors are

irritating and may cause damage to the eyes.

Contact may cause severe burns and permanent eye

_______________ ~damage.

Potassium Oxidizer 5 Mg/M3 for Mn Causes irritation to the respiratory tract. Symptoms

Permanganate Compounds may include coughing, shortness of breath, Dry
crystals and concentrated solutions are caustic

causing redness, pain, severe burns, brown stains in
the contact area and possible hardening of outer

skin layer. Diluted solutions are only mildly irritating

to the skin. Eye contact with crystals (dusts) and

concentrated solutions causes severe irritation,

redness, and bluirred vision and can cause severe

damage, possibly permanent

Mercury (1,000 Oxidizer 0 I Mg/M3 Extremely toxic. Causes irritation to the respiratory

ppm in Reagent) Ceiling (Mercury tract. Causes irritation. Symptoms include redness

Corrosive Compounds) and pain. May cause burns. May cause
sensitization, Can be absorbed through the skin

Poison with symptoms to parallel ingestion. May affect the

central nervous system. Causes irritation and burns
to eyes. Symptoms include redness, pain, and

blurred vision; may cause serious and permanent
ee edamage.

Oxidizer None Causes irritation to the respiratory tract. Symptoms
may include coughing, shortness of breath. Causes

Potassium irritation to skin and eyes. Symptoms include

Persulfate redness, itching, and pain May cause dermatitis,
burns, and moderate skin necrosis

I- Always add acid to water to prevent violent reactions.

2 - Exposure limit refers to the OSHA regulatory exposure limit.
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5.4. Exposure to chemicals must be maintained as low as reasonably achievable. Therefore,
unless they are known to be non-hazardous, all samples should be opened, transferred and
prepared in a flume hood, or under other means of mechanical ventilation. Solvent and
waste containers will be kept closed unless transfers are being made.

5.5. All work must be stopped in the event of a known or potential compromise to the health
and safety of a STL North Canton associate. The situation must be reported immediately
to a laboratory Supervisor.

5.6. Do not look directly into the beamnoftheFig lamp. The UV light that these lamps radiate is
harniful to the eyes.

5.7. Cylinders of compressed gas must be handled with caution, in accordance with local
regulations. It is recommended that, wherever possible, cylinders are located outside the
laboratory and the gas led to the instrument through approved lines.

5.8. The CVAA apparatus must be properly vented to remove potentially hamniful fumes
generated dlUring sample analysis.

6. EQUIPMENT AND SUPPLIES

6.1. Temperature controlled water bath capable of maintaining a temperature of 90-95 'C.
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6.2. Atomic Absorption Spectrophotometer equipped with:

6.2.1. Absorption Cell with quartz end windows perpendicular to the longitudinal axis.

Dimensions of the cell must result in sufficient sensitivity to meet the SOP defined

reporting limit. The quartz windows must be maintained to provide accurate

measurements. Any scratches or fingerprints can alter the absorption of UV
radiation.

6.2.2. Mercury specific hollow cathode lamp (HCL) or electrodeless discharge lamp

(EDL).

6.2.3. Peristaltic pump, which can deliver I L/min, air.

6.2.4. Flowmeter capable of measuring an airflow of I L/min.

6.2.5. Recorder or Printer.

6.2.6. Aeration Tubing: A straight glass flit having a course porosity and Tygon tubing is

used for the transfer of mercury vapor from the sample bottle to the absorption cell
and return.

6.2.7. Drying device to prevent condensation in cell. The lamp is positioned to shine on

the absorption cell maintaining the air temperature in the cell about 10 0C above

room temperature. Other drying devices that achieve the same purpose are also

acceptable (i.e., Gortex filter).

6.3. 8oz. HDPE Plastic bottles.

6.4. Nitrogen or argon gas supply, welding grade, or equivalent.

6.5. Calibrated automatic pipettes or Class A glass volumetric pipettes.

6.6. Class A volumetric flasks.

6.7. Thermometer (capable of accurate readings at 95 0C).

6.8. Disposable cups or tubes.
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7. REAGENTS AND STANDARDS

7.1I. Reagent water must be produced by a Millipore DI system or equivalent. Reagent water
must be free of the analytes of interest as demonstrated through the analysis of method
blanks.

7.2. Stock (10 ppm) mercury standards (in I10% HN0 3) are purchased as custom STL North
Canton Solutions. All standards must be stored in FEP fluorocarbon or previously unused
polyethylene or polypropylene bottles. Stock standard solutions must be replaced prior to
the expiration date provided by the manufacturer. If no expiration date is provided, the
stock solutions may be used for up to one year and must be replaced sooner if verification
from an independent source indicates a problem.

7.3. Working mercury standard (0.1I ppm): Take I mL of the stock mercury standard (7.2)
and dilute to 100 niL with reagent water. The working mercury standard must be made
daily anld must beprepared in a matrix of 0.15% HN0 3. Thiisacid (I5 uL of concentrated
I-NO03) must be added to the flask/bottle beibre the addition of thle stock standard aliquot.

7.4. The calibration standards listed iii Table I must be prepared fresh daily from the working
standard (7.3) by transferring 0, 0.2, 0.5, 1.0, 5.0 and 10.0 mL aliqulots of the working
mercury standard into I100 nmL flasks and diluting to voIlume1 With reagent water.

7.5. The initial calibration verification standard must be made from a diffierent stock solution than
that of the calibration standards.

7.6. Refer to Table I (Appendix A) for details regarding the working standard concentrations for
calibration, calibration verification and spiking Solutions. All standards must be processed
through the entire analytical procedure including sample preparation.

7.7. Nitric acid (I-IN0 3), concentrated, trace metal grade or better.

7.8. Sulfuric acid (H 2IS04) concentrated, trace metal grade or better.

7.9. StannouIs chloride solution: Add 50 g of stannous chloride and 25 uL- of concentrated
hydrochloric acid to a 500miL volumectric flask and bring to volume with deionized water.

7.10. Sodium chloride-hydroxylarnine hydrochloride solution: Add 240 g of sodium chloride and
240 g of hydroxylamine hydrochloride to every 2000 nmL of reagent water.
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7.1 1. Potassium permanganate, 5% solution (w/v): Dissolve 100 g of potassium permanganate

for every 2000 ml- of reagent water.

7.12. Potassium persulfate, 5% solution (w/v): Dissolve 100 g of potassium persulfate for every

2000 mL of reagent water.

S. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1. Sample holding time for mercury is 28 days from time of collection to the time of analysis.

8.2. Aqueous samples are preserved with nitric acid to a pH of <2 and may be stored in either

plastic or glass. Refrigeration is not required. Preservation must be verified prior to

analysis.

9. QUALITY CONTROL

Table II (Appendix A) provides a summary of quality control requirements including type,

frequency, acceptance criteria and corrective action.

9.1. Initial Demonstration of Capability

Prior to the analysis of any analyte using 7470A or the 245. 1, the following requirements

must be met.

9.1 .1. Method Detection Limit (MDL) - An MDL must be determined for each

analyte/matrix prior to the analysis of any samples. The MDL is determined using

seven replicates of reagent water, spiked with all the analytes of interest, that have

been carried through the entire analytical procedure. MDLs must be redetermirned

on an annual basis in accordance with 40 CFR Part 136 Appendix B requirements.

The spike level must be between the calculated MDL and l OX the MDL to be

valid. The result of the MIDL determination must be below the STL North Canton

reporting limit.
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9.1.2. Initial Demonstration Study - This requires the analysis of four QC check samples.
The QC check sample is a well-characterized laboratory generated sample used to
monitor method performnance. The results of the initial demonstration study must be
acceptable before analysis of samples may begin.

9.1.2. 1. Four aliquots of the cheek sample (LCS) are prepared and analyzed using
the procedures detailed in this SOP and the determinative SO1's.

9.2. Preparation Batch - A batch is a group of no greater than 20 samples excuding QC
Samples (LCS, Method Blank, MS, MSD) which are processed similarly, with respect to
the procedure. All sample setups must be initiated within a 24 hour period from the initial
preparation or extraction and without interruption of the process. All samples witin the
batch must be treated with the same lots of reagents and the same processes. In somec
cases, at client request, it may be appropriate to process a matrix spike and sample
duplicate in place of the MS/MSD. If clients specify specific samples for MS/MSD, the
batch may contain multiple MS/MSD pairs.

9.3. Method Blank (MB) - One method blank must be processed with each preparation batch.
Thle method blank consists of reagent water containing all reagents specific to the method
that is carried through thle entire analytical procedure, including preparation and analysis.
The method blank is used to idenifyl any system and process interferences or contamination
of thle analytical system that mraty lead to the reporting of elevated analyte concentrations or
fiase positive data. The method blank Should not contain any analyte of interest at or above
thle reporting limit or at or above 10%, of the measured concentration of that analyte in
associated samples, whichever is higher (sample result must be a minimum of 20 times
higher than the blank contamination level).

* Repreparation and reanalysis of all samples associated with anl unacceptable method
blank is required when reportable concentrations are determined in thle samples (see
exception noted above).

• If there is no analyte greater than thle RL in thle samples associated with an unacceptable
method blank, the data may be reported with qualifiers. Such action must be
addressed in the project narrative.

* If'the above criteria are not met and reanalysis is not possible, then the sample data
must be qualified. This anomaly must he addressed in the project narrative.

9.4. Laboratory Control Sample (L-CS) - One aqueou~s L-CS must be processed with each
preparation batch. The L-CS is used to monitor the aIccuracy of the analytical process. Onl
going monitoring of the LCS results provides evidence that thle laboratory is perform-ing the
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method within acceptable accuracy and precision guidelines. The LCS must be carried

through the entire analytical procedure. If the LCS is outside established control limits the

system is out of control and corrective action must occur. Until in-house control limits are

established, a control limit of 80 - 120% recovery must be applied.

* In the instance where the LCS recovery is > 120% and the sample results are <

RI, the data may be reported with qualifiers. Such action must be addressed in the

project narrative.

* In the event that an MS/MSD analysis is not possible, a Laboratory Control Sample

Duplicate (LCSD) must be analyzed. The RPD of the LCS and LCSD must be

compared to the matrix spike RPD limits.

* Corrective action will be repreparation and reanalysis of the batch unfless the client

agrees that other corrective action is acceptable.

9.5. Matrix Spike/Matrix Spike Duplicate (MS/MSD) - One MS/MSD pair must be processed

for each preparation batch. A matnx spike (MS) is a field sample to which known

concentrations of target analytes have been added. A matrix spike duplicate (MSD) is a

second aliquot of the same sample (spiked identically as the MS) prepared and analyzed

along with the sample and matrix spike. Some client specific data quality objectives

(DQO's) may require the use of sample duplicates in place of or in addition to MSiMSD's.

The MS/MSD results are used to determine the effect of a matrix on the precision and

accuracy of the analytical process. Due to the potential variability of the matrix of each

sample, these results may have immediate bearing only on the specific sample spiked.

Samples identified as field blanks cannot be used for MS/MSD analysis. Spiking levels are

provided in Table I (Appendix A).

* If analyte recovery or RPD falls outside the acceptance range, the recovery of that

analyte must be in control for the LCS. Until in-house control limits are established,

a control limit of 75 - 125 % recovery and 20% RPD must be applied to the

MS/MISD. If the LCS recovery is within limits, then the laboratory operation is in

control and the results may be accepted. If the recovery of the LCS is outside

limits, corrective action must be taken. Corrective action will include repreparation

and reanalysis of the batch. MS/MSD results, which fall outside the control limits,

must be addressed in the narrative.

* If the native analyte concentration in the MSiMSD exceeds 4 times the spike level

for that analyte, the recovery data are reported as NC (i.e., not calculated). If the

reporting software does not have the ability to report NC then the actual recovery

must be reported and narrated as follows: "Results outside of limits do not
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necessarily reflect poor method performance in the matrix due to high analyte
concentrations in the sample relative to the spike level."

If an MS/MSD is not possible due to limited sample volume, then a laboratory
control sample duplicate (LCSD) should be analyzed. The RPD of the LCS and
LCSD must be compared to the matrix spike RPD limits.

9.6. Initial Calibration Verification (ICV/ICB) - Calibration accuracy is verified by analyzing a
second source standard (ICy). The ICV result must fall within 10% of the true value for
that solution. An ICB is analyzed immediately following the ICV to monitor low level
accuracy and system cleanliness. The ICB result must fall within +/- the reporting limit (RL)
from zero. If either the ICV or ICB fail to meet criteria, the analysis should be terminated,
thre problem corrected and the instrument recalibrated. (See Section 1 1.2.8 for required mun
sequence). If the cause of the ICV or ICB failure was not directly instrument related the
corrective action will include repreparation of the ICy, ICB, CRA, CCV, and CCB with
the calibration Curve.

9.7. Continuing Calibration Verification (CCV/CCB) - Calibration accuracy is monitored
throughout the analytical run through the analysis of a known standard after every 10
samples. The CCV must be a mid-range standard at a concentration other than that of the
ICV. The CCV result must fbia! within 20%X of the true valueC for that solution. A CCB is
analyzed immediately following each CCV. (See Section 11.2.8 for required run sequence.)
The CCB result must fbll within +/- RL from zero. Each CCV and CCR analyzed must
reflect the conditions of analysis of all associated samples. Sample results may only be
reported when bracketed by valid ICV/CCV and lCB/CCR pairs.

9.8. Detection Limit Standard (CRA)-To verify linearity at the reporting limit, a CRA standard is
run at the beginning of each sample analysis run after the ICy/CIC3. The CRA standard
mercury concentration is 0.2 ug/L. Recovery must be ± 50% of the true value, or the
standard is either rerun or the problem corrected and the instrument recalibrated. (See
Section 1 1.2.8 for the required run seuquence.)

9.9. Method of Standard Addition (MSA) -This technique involves adding known amounts of
standard to one or more aliquots of the sample prior to preparation. This technique
compensates for a sample interferent that may enhance or depress the analyte signal, thus
producing a different slope from that of the calibration standards. It will not correct for
additive interferences, which cause a baseline shift. Refer to Section 1 1.2.9 for additional
infonnuation on when full 4 point MSA is required as well as Appendix B for specific MSA
requirements.
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10. CALIBRATION AND STANDARDIZATION

10. I. Calibration standards must be processed through the preparation procedure as described in
Section IL1..

10.2. Due to the differences in preparation protocols separate calibration and calibration
verification standards must be prepared for aqueous and solid matrices.

10.3. Calibration must be performed daily (every 24 hours) and each time the instmument is set up.
The instrument calibration date and time must be included in the raw data.

10.4. Set up the instrument with the operating parameters recommended by the manufacturer and
listed in Appendix F. Allow the instrument to become thermally stable before beginning
calibration (approximately 30 minutes of warm-up is required).

10.5. Calibrate the instrument according to instrument manufacturer's instructions, using a
minimum of five standards and a blank. One standard must be at the STL North Canton
reporting limit. Analyze standards in ascending order beginning with the blank. Refer to
Section 7 and Table I fbr additional information on preparing calibration standards and
calibration levels.

10.6. The calibration curve must have a correlation coefficient of Ž0.995 or the instrument shall be
stopped and recalibrated prior to running samples. Sample results can not be reported from
a Curve With anl unacceptable correlation coefficient.

10.7. Refer to Section 9.0 for calibration verification procedures, acceptance criteria and
corrective actions.
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II. PROCEDURE

1. I. Sample Preparation:

II .I. . All calibration and calibration verification standards (ICy, ICB, CCV, CCB) are
processed through the digestion procedure as well as the field samples. Transfer
0, 0.2, 0.5, 1.0, 5.0 and 10.0 ml- aliquots of the working standard (7.3) into a
series of 100 ml class A volumetrics, then dilute to volume. For the ICV, use a
2.5 ml aliquot of the working standard. The ICV working standard must be made
from a source other than that used for the calibration standards.

11.1.2. Transfer 100 ml- of well-mixed sample or standard to a clean sample digestion
bottle.

Note: Reduced sample volumes can be used as long as a representative sample
can be obtained and the reagent levels are adjusted to maintain the same
sample to reagent ratio. All samples and standards Must be processed
similarly.

Note: Spiking is done before the addition of acids or reagents.

11.1.3. Add 5 nmL of conicentrated lHIS0 4 and 2.5 nil- of concentrated H-N0 3 mixing
after each addition.

11.1I.4. Add 15 nil- of potassiumIl pemnianganate Solution. For samples high in organic
materials or chlorides, additional permianganate niay be added. Shake and add
additional portions of permianganate Solution until a purple color persists for at
least 15 muinutes. If afler the addition of uip to 25-il- additional pennanganlate
the color does not persist, samiple dilution prior to reanalysis may be required.

Note: When performning analyses using aultomlated vs. manual techniques the
sample dilution resultant firom tlie addition of more than the original aliquot
of permanganate Solution must be compensated for by the addition of the
same volunie of pernianganate to all other associated samples and
standards in the run. In instances, where this is not feasible, the addition
of excess reagent can be addressed through mathematical correction of'
the results to account for the resultant dilution effect.
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11.1 .5. Add SmL of potassium persulfate solutioniand heat for two hours in awater bath

at 90 - 95 'C.

11.1.6. Cool samples.

11 .2. Sample Analysis:

11 .2.1. Refer to the Appendix F of this SOP for detailed setup and operation protocols.

11 .2.2. When ready to begin analysis, add 6 ml- of sodium chioride-hydroxylamine
hydrochloride solution to the samples to reduce the excess permanganate (the

permanganate has been reduced when no purple color remains). Add this

solution in 6-mi. increments until the permanganate is completely reduced.

11 .2.3. Automated determination: Follow instructions provided by instrument
manufacturer.

11 .2.4. Perform a linear regression analysis of the calibration standards by plotting

maximum response of the standards vs. concentration of mercury. Deternine the

mercury concentration in the samples from the linear regression fit of the

calibration curve. Calibration using computer or calculation based regression

curve fitting techniques on concentration/response data is acceptable.

11.2.5. All measurements must fall within the defined calibration range to be valid. Dilute

and reanalyze all samples for analytes that exceed the highest calibration standard.

11.2.6. If the sample results are negative and the absolute value of the negative result is

greater than the reporting limit, the sample must be diluted and reanalyzed.

11.2.7. The samples must be allowed to cool to room temperature prior to analysis or a

decrease in the response signal can occur.

11.2.8. The following run sequence is consistent with 7470A, CLP and 245. 1

Instrument Calibration
'CV
ICB
C RA
CCV
CCB
10 samples
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CCV
CCB
Repeat sequence of 10 samples between CCV/CCB pairs as required to

complete run.
CCV
CCB

Refer to Quality Control Section 9.0 and Table II (Appendix A) for Quality Control
criteria to apply to Methods 7470A and 245. 1.

11.2.9. For TCLP samples, fuill four point MSA will be required if all of the following
conditions are met:

I) recovery of the analyte in the matrix spike is not at least 50%,

2) the concentration of the analyte does not exceed the regulatory level, and,

3) the concentration of the analyte is within 20% of the regulatory level.

The reporting and matrix spike levels for TCLP analyses are detailed in Table I
(Appendix A). Appendix B provides guidance on performing MSA analyses.
For TCLP mercury determinations, MSA spikes must be added prior to sample
preparation.

11.3. To theilitate the early identification Of QC ftbikures and samples requiring reruin it is strongly
recommended that sample data are reviewed periodically throughout the run.

11.4. Guidelines are provided in the appendices on procedures to minimize contamination of
samples and standards, preventive maintenance and troubleshooting.

11.5. Analytical Documentation
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1 1. 5.1. Record all analytical information in the analytical logbooklogsheet which may be in

an electronic format, including the analytical data from standards, blanks, LCSs,

MS/MSDs, and any corrective actions or modifications to the method.

1 1.5.2. All standards are logged into a department standard logbook. All standards are

assigned an unique number for identification. Logbooks are reviewed by the

supervisor or designee.

11 .5.3. Documentation such as all associated instrument printouts (final runs, screens,

reruns, QC samples, etc.) and daily calibration data corresponding to all final runs is

available for each data file.

11.5.4. Sample results and associated QC are entered into the LIMs after final technical

review.

11.6. One time procedural variations are allowed only if deemed necessary in the professional

judgment of supervision to accommodate variation in sample matrix, radioactivity,

chemistry, sample size, or other parameters. Any variation in procedure shall be completely

documented using a Nonconformance Memo and is approved by a Technical Specialist and

QA Manager. If contractually required, the client shall be notified. The Nonconformance

Memo shall be filed in the project file.

11.7. Any unauthorized deviations from this procedure must also be documented as a

nonconformance, with a cause and corrective action described.

12. DATA ANALYSIS AND CALCULATIONS

12.1. ICV percent recoveries are calculated according to the equation:

CR=I0 Found (ICV)
True( ICV))

12.2. CCV percent recoveries are calculated according to theequation:

%R=IOOC Found(CCVfl

12.3. Matrix spike recoveries arc calculated according to the following equation:
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SSR - SR)

Where:
SSR = Spike Sample Result
SR = Sample Result

SA = Spike Added

12.4. The relative percent difference (RPD) of matrix spike/matrix spike duplicates or sample
duplicates are calculated according to the following equations:

RPD--I 0 MASD -MS1
(MSD+ TM S~

Where:
MS = determined spiked sample concentration
MSD = deteniiined matrix spike duplicate concentration

RPD =l00[DlU2j
(DU] + DU29

Where:
DU I = Sample result
DU2 = Sample duplicate result

12.5. The final concentration for an aqueous sample is calculated as fiollows:

ng/L = C x D

Where:
C = Concentration (mg/L) from instrument readout
D = Instrument dilution factor

12.6. The LCS percent recovery is calculated according to the following equation:
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%R=--100( Found(LCSP1
K True(LCS))

12.7. Appropriate factors must be applied to sample values if dilutions are performed.

12.8. Sample results should be reported with up to three significanit figures in accordance with the

STL North Canton significant figure policy.

13. METHOD PERFORMANCE

13.1. Each laboratory must have initial demonstration of performance data on file for each analyte

of interest as described in Section 9.0.

13.2. Method performance is determined by the analysis of method blanks, laboratory control

samples, matrix spike and matrix spike duplicate samples. The matrix spike recovery

should fall within +1- 25 % and the matrix spike duplicates should compare within 20%

RPD. The method blanks must meet the criteria in Section 9.3. The laboratory control

sample should recover within 20% of the true value until in house limits are established.

13.3. Training Qualification:

The group/team leader has the responsibility to ensure that this procedure is performed by

an associate who has been properly trained in its use and has the required experience.

14. POLLUTION PREVENTION

14. 1. This method allows for the proportional reduction of sample and reagent volumes to

decrease waste generation.

15. WASTE MANAGEMENT

15.1. All waste will be disposed of in accordance with Federal, State and Local regulations.

Where reasonably feasible, technological changes have been implemented to minimize the

potential for pollution of the environment. Employees will abide by this method and the

policies in section 13 of the Corporate Safety Manual for "Waste Management and

Pollution Prevention."
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15.2. Laboratory personnel assigned to perform hazardous waste disposal procedures must have
a working knowledge of the established procedures and practices of STL. They must have
training on the hazardous waste disposal practices upon initial assignment to these tasks,
followed by an annual refresher training.

1 5.3. Waste Streams Produced by the Method

15.3. 1. Acid Waste- Aqueous waste generated by the analysis. Samples are disposed
of in the acid waste drum located in the metals lab. The contents of the drum are
neutralized and released to the POTW.

16. REFERENCES

16.1. References

16. I .1. Test Methods fbr Evaluating Solid Waste, Physical/Chemnical Methods, SW-846,
3rd Edition, Fitial Update 11, Revision]1, September 1994, Method 7470A
(Mercury).

16.1.2. "Methods for the Chemical Analysis of Water and Wastes", EPA-600/4-79-020,
U.SEPA, August 1983, Method 245.1.

16.1.3. U.S.EPA Statement of Work for Inorganics Analysis, ILMO3.0 and ILMO4.O.

I 6.1I.4. Corporate Quality Management Plan (QMP), CUtTen1t version.

16.1.5. STL Laboratory Quality Manual (LQM), Current version.

16.2. Associated SOPs and Policies, latest version
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16.2. 1. QA Policy, QA-003.

16.2.2. Glassware Washing, NC-QA-00 14.

16.2.3. Statistical Evaluation of Data and Development of Control Charts, NC-QA-001 8.

16.2.4. Method Detection Limits and Instrument Detection Limits, NC-QA-0021.

16.2.5. Navy/Army SOP, NC-QA-00 1 6.

16.2.6. Preparation and Analysis of Mercury in Aqueous Samples by Cold Vapor Atomic

Absorption, Method 245.1 CLP-M, SOW ILMO3.0 and SOW ILMO4.0 SOP,

CORP-MT-OOO6NC, current version.

17. MISCELLANEOUS (TABLES, APPENDICES, ETC.. .

17.1. Modifications/Interpretations from reference method.

17. 1. 1. Modifications from both 7470A and 245. 1.

17.1.1.1. The 200 series methods and Chapter 1 of SW846 specify the use of

reagcnt water with a purity equivalent to ASTM Type 11 water. This

SOP specifies the use of a Millipore DI system or equivalent to produce

reagent water. This SOP requires that reagent water must be free of

the analytes of interest as demonstrated through the analysis of method

blanks.

17.1.1.2. This SOP allows for the use of reduced sample volumes to decrease

waste generation. Reagent levels are adjusted to maintain the same

ratios as stated in the source methods. According to a letter from

Robert Booth of EPA EMSL-Cinn to David Payne of EPA Region V,

"Reduction in sample size and appropriate corresponding reduction in

sample volume is not considered a significant change in the

methodology."

17.1.2. Modifications from Method 7470A

17.1.2.1. Chapter I of SW-846 states that the method blank should not contain

any analyte of interest at or above the MDL. This SOP states that the
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method blank must not contain any analyte of interest at or above the
reporting limit.

17.1.3. Modifications from 245.1

17.1.3.1. Method 245.1 Section 9.3 states concentrations should be reported as
follows: Between I and 10 Ug/L, one decimal; above 10 ug/L, to the
nearest whole nmbner. STL North Canton reports all Hg results under
this SOP to two significant figures.
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Figure 1. Aqueous Sample Preparation - Mercury
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Figure 2. CVAA Mercury Analysis
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TABLE I. MERCURY REPORTING LIMITS, CALIBRATION STANDARD*, QC
STANDARD AND SPIKING LEVELS (MGJL)

Standard Aqueous RL 0.0002

TCLP RL 0.002

Std 0

Std I/CRA 000

Std 2 000

Std 3 .0

Std 4 0.005

Std] 5 0.010

ICV 0.0025

LCS/CCV 0.005

AqueCous MS 0.00 I

TCLP MS 0.005
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TABLE II. Summary Of Quality Control Requirements _ _________

QC PARA-METER FREQUENCY ACCEPTANCE CORRECTIVE ACTION

CRITERIA _________

ICV Beginning of cvery 90-1 10 % recovery. Terminate analysis;

analytical run. Correct the problem;
Recalibrate or reprep with
calibration curve. (See

____________________Section 9.6).

ICB Beginning of every The result must be within Terminate analysis;
analytical run, immediately +/- RL from zero. Correct the problem;

following the ICy. Recalibrate or reprep with
calibration curve. (See
Section 9.6).

CRA Beginning of every 50-150% recovery Rerun to verify; or correct

analytical nin following problem and recalibrate or

thelCB and prior to reprep with the calibration

__________________________ sample analyses. curve (See Sec. 9.8)

CCV Every 10 samples and at 80 - 120 % recovery. Terminate analysis;

the end of the run. Correct the problem;
Recalibrate and rerun all
samples not bracketed by
acceptable CCV or
reprep with calibration
curve. (See Section 9.7).

CCB Immediately following The result must be within Terminate analysis;

each CCV. /-RL from zero. Correct the problem;
Recalibrate and rerun all
samples not bracketed by

acceptable CCB or reprep,
with calibration curve.

________________________________________(See Section 9.7).
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Method Blank One per sample The result must be less Redigest and reanalyze
preparation batch of up to than or equal to the RL. samples.
20 samples. Sample results greater than

20x the blank Note exceptions under
concentration are enteria section.
acceptable.
Samples for which the See Section 9.3 for
contaminant is < RL do additional requirements.
not require redigestion
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TABLE 1I. Sumnmary of Quality Control Requirements (Continued)

QC PARAMETER FREQUENCY ACCEPTANCE CRITERIA CORRECTIVE
ACTION

Laboratory Control One per sample Aqueous LCS must be within Terminate analysis;

Sample (LCS) preparation batch of 80 - 120% recovery or in- Correct the problem;

up to 20 samples, house control limits. Redigest and reanalyze
all samples associated
with the LCS (see
Section 9.4).

Matrix Spike One per sample 75-15%rcvry or in- In the absence of client

preparation batch of house control limits. If the specific requirements,

up to 20 samples. MS/MSD is out for an flag the data; no flag
analyte, it must be in control required if the sample

in the LCS. level is > 4x the spike
added. (see Section
9.5)

For TCLP see Section
11.2.9

Matrix Spike See Matrix Spike 75 - 125 % recovery or in- See Corrective Action

Duplicate house control limits; RPD < for Matrix Spike.

___ __ __ __ __ __ 20% . (See M S).
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APPENDIX B. MSA GUIDANCE

Method of Standard Addition

Four equal volume aliquots of sample are measured and known amounts of standards are added to three
aliquots. The fourth aliquot is the unknown and no standard is added to it. The concentration of standard
added to the first aliquot should be 50% of the expected concentration. The concentration of standard
added to the second aliquot should be 1 00% of the expected concentration and the concentration of
standard added to the third aliquot should be 150% of the expected concentration. The volume of the
uinspiked and spiked aliquots Should be the same (i.e., the volume of the spike added should be negligible in
relation to the volume Of Sample).

To detennine the concentration of analyte in the sample, the absorbance (or response) of each solution is
determined and a linear regression performed. On the vertical axis the absorbance (or response) is plotted
versus the concentrations of the standards on the horizontal axis using 0 as the concentration of the unspiked
aliquot. An example plot is shown in Figure 1. WVhen the resulting line is extrapolated back to zero
absorbance, the point of interception of the horizontal axis is the concentration of the unknown. Calculate
the correlation coeflicient (r) and the x-intercept (where y=0) of the curve. The concentration in the
digestate is equal to the negative x-intercept.

Figure I

Zero

Colie. of Addn 0 Addii I Adda 2 Addii 3
Samnple No Addoi Addil ol'50%Z Addni or I00%4 Addo of 150%Y

of Expected of Expected of Expected
I .. ... I .. ... .. I .. A. .A
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* For the method of standard additions to be correctly applied, the following limitations must be taken into
consideration.

* The plot of the sample and standards must be linear over the concentration range of concern. For best
results, the slope of the curve should be similar to that of a plot of the aqueous standard curve.

* The effect of the interference should not vary as the ratio of the standard added to the sample matrix
changes.
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APPENDIX C. TROUBLESHOOTING GUIDE

Problem Possible Cause

Poor or No Absorbance or Incorrect wavelength
Sensitivity Check failed Dirty windows

Window loose
Etched or dirty optics
Wrong lamp
Bad lamp
Not enough or no sample introduced
Empty sample cup
Incorrectly made standards
Gas leak

_____________________________EDL power Supply set on "Continuous"
Erratic Readings Source lamp not aligned properly

Lamp not prewarmed
Injection tip partially clogged
Contaminated reagents
Contaminated glassware
Drying tuibe saturated
Bad lamp
Injection tip hitting outside of tube
Injection tip coated or not set properly
Leak in sample tuibing
Power Iluictuations

____ ____ ____ ___ ____ ____ ____ ___ Air bubbles in tubing
EDL Won't Light Lamp cable nlot plUgged in

Lamp power set at 0
Lamp is dead
Power supply fuse is blown
Short in cord

Standards reading twcorhl Incorrect standard used
normal absorbance or concentration Incorrect dilution performed

Dirty cell

Background CorrectionLgtBikn Background screen or attenuator faulty
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APPENDIX D. CONTAMINATION CONTROL GUIDELINES

The following procedures are strongly recommended to prevent contamination:
All work areas used to prepare standards and spikes should be cleaned before and after
each use.

All glassware should be washed with detergent and tap water and rinsed with 1: I nitric acid
followed by deionized water.

Proper laboratory housekeeping is essential in the reduction of contamination in the metals
laboratory. All work areas must be kept scrupulously clean.
Powdered gloves must not be used in the metals laboratory since the powder contains silica
and zinc, as well as other metallic analytcs. Alternatively, vinyl or nitrile gloves should be
used in the metals laboratory.

Glassware should be periodically checked for cracks and etches and discarded if found.
Etched glassware can Cause cross contamination of any metallic analytes.

The following arc helpful hints in the identification of the source of contaminants:

Recagents or standards can contain contaminants or be contaminated with the improper use
of' a pipette.

I mproper cleaning of glassware cani cause contamination.
Separate glassware if an unusually high sample is analyzed and soak With Sulfbric acid prior
to routine cleaning.
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APPENDIX E. PREVENTIVE MAINTENANCE

A maintenance log is used to record when maintenance is performed on instruments. When an instrument
problem occurs indicate the date, time and instrument number, then identify the problem and corrective
action in the maintenance log.

The following procedures are required to ensure that that the instrument is fully operational.

Cold Vapor Atomic Absorp tion (Leeman PS 200I1)

Daily As Needed

Check nitrogTen flow. Check f ig lamip intensity.

Cheek ftubing. Clean lens.

Clieek drain. Chieck aperture

Replace drying tube

Change Fig lamp[.
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Hg Analysis (Leeman PS20011)

SYSTEM INITIALIZATION AND WARM UP

1.Fl Menu

2. Instrumnent

a1. TASKMASTER

b. #4 Wake Systemn Up Enter

The warming lip period takes approximately 10 minutes.

TO SET UP INSTRUMENT FOR ANALYSIS

I.Fl MenuL

2. tAutosanipler

A. Rack Entriy

1S. fElit (ex. Rack I), Enter

C. CUP ID - Filter (clears sample #'s)

I). tlx tended ID)- type inl matrix of sample (water or sol id), Enter.

FS. Press Insert Key and move cursor with arrows to CLIP ID and begin

typi rg labels.

F. B3 Print Screen

3. Press F2 Macro key and type in analyst's first namne - Enter

A. Enter folder namne - ex. HIG0306, Enute. If folder dtoes not exist,

type Y - Entler.

13. Type iii - "Rack I", 'Rack 2" etc.,I Enter.

C. Type in:FROM CUP TO CUP

E1k = 30

Do the same for position 2 if needled. If not n ceded, YOU inuLSt press Enter3 tnimes to begin analysis.
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1 SCOPE AND APPLICATION

1. 1. This procedure describes the preparation and analysis of mercury (Hg, CAS # 7439-97-6)

by Cold Vapor Atomic Absorption Speetroscopy (CVAA) using SW-846 Method 7471 A

and MCAWW Method 245.5.

1.2. The associated LIMs method code is 09.

1.3. CVAA analysis provides for the determnination of total mercury (organic and inorganic). The

combination of the oxidants, potassium permanganate and potassium persulfate, has been

found to give 1 00% recovery with both types of compounds. Detection limits, sensitivity

and optimum concentration ranges for mercury analysis will vary with the matrices,

instrumentation and volume of sample used.

1.4. Methods 7471 IA and 245.5 are applicable to the preparation and analysis of mercury in

soils, sediments, bottom deposits, wastes, wipes and sludge-type materials. All matneces

require sample preparation prior to analysis.

1.5. The STL North Canton reporting limit for mercury in solid matrices is 0.033 mg/kg based

on a 0.6 g sample aliquot (wet weight).

2. SUMMARY OF METHOD

2.1. This SOP describes a technique for the determination of mercury in solution. The

procedure is a physical method based on the absorption of radiation at 253.7 nm by

mercury vapor. A representative portion of the sample is digested in hydrochloric and

nitric acids. Organic mercury compounds are oxidized with potassium permanganate and

potassium persulfate and the mercury reduced to its elemental state with stannous chloride

arid aerated from solution in a closed system. The mercury vapor passes through a cell

positioned in the light path of an atomic absorption spectrophotometer. Absorbance is

measured as a function of mercury concentration. Concentration of the analyte in the

sample is determained by comparison of the sample absorbance tothe calibration curve

(absorbance vs. concentration)-
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3. DEFINITIONS

3.1. Total Metals: The concentration determined on an unfiltered sample following digestion.

4. INTERFERENCES

Chemical and physical interferences may be encountered when analyzing samples using this method.

4.1I. Potassium permanganate which is used to breakdown organic mercury Compounds also
eliminates possible interferences from sulfide. Concentrations as high as 20 mg/L of sulfide
as sodium sulfide do not interfere with the recovery of inorganic mercury from reagent
water.

4.2. Copper has also been reported to interfere; however, copper concentrations as high as 10
rng/L had rio effiect on the recovery of mercury from spiked samples.

4.3. Chlorides can cause a positive interference. Samples high in chlorides require additional
pernnanganate (as much as 25 rnil) because, during the oxidation step, chlorides are
converted to firee chlorine, which also absorbs radiation at 253.7 rnm. Care must be taken
to ensure that free chlorine is absent before the mercury is reduced and swept into the cell.
This is accomplished by adding excess hydroxylaniine reagent (25 nmL-) arid purging the
sample headspace before stanrnous chloride is added. Both inorganic and organic mercury
spikes have been quantitatively recovered from seawater using this technique.

Note: Su~fficient addition of permanganatc is apparent when the puIPle color persists at
least IS minutes. Some samples may require dilution prior to digestion due to
extremely high concentrations of chloride.

4.4. Interference from certain volatile organic materials that absorb at this wavelength may also
Occur. If Suspected, a preliminary run without stannous chloride can detennine if this type
of interflerence is present. While the possibility of absorption from certain organic
Substances present in the sample does exist, this problem is not routinely encountered. This
is mentioned only to caution the analyst of the possibility. If this condition is found to exist,
the mercury concentration in the sample can be determined by subtracting the result Of the
sample run Without the reducing reagent (stannou chloride) firom that obtained with the
redircing reagent.

4.5. Samples containing high concentrations of oxidizable organic materials, as evidenced by high
COD levels, may not be completely oxidized by this procedure. When this occurs the
recovery ofiniercury will be low. The problem can be eliminated by reducing the voIlume Of
original smOple used.
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4.6. The most common interference is labomatory contamination which may arise from impure

reagents, dirty glassware, improper sample transfers, dirty work areas, etc. Be aware of

potential sources of contamination and take appropriate measures to minimize or avoid

them.

5. SAFETY

5. 1. Procedures shall be carried out in a manner that protects the health and safety of all STL

North Canton associates.

5.2. Eye protection that satisfies ANSI 787.1 (as per the Chemical Hygiene Plan), laboratory

coat, and appropriate gloves must be worn while samples, standards, solvents, and reagents

are being handled. Disposable gloves that have been contaminated will be removed and

discarded; other gloves will be cleaned immediately.

5.3. The health and safety hazards of many of the chemicals used in this procedure have not

been frily defined. Additional health and safety information can be obtained from the

Material Safety Data Sheets (MSDS) maintained in the laboratory. The following specific

hazards are known:

5.3.1. The following materials are known to be corrosive:

hydrochloric acid, mniti acid and sulfuric acid.

5.3.2. The following materials are known to be oxidizing agents:

mniti acid, potassium permnanganate, potassium persulfate and magnesium
perchiorate.

5.3.3. Mercury is a highly toxic element that must be handled with care. The analyst must

be aware of the handling and clean-up techniques before working with mercury.

Since mercury vapor is toxic, precaution must be taken to avoid its inhalation,

ingestion or absorption through skin. All lines should be checked for leakage and

the mercury vapor must be vented into a hood or passed through a mercury

absorbing media such as:
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5.3.3. 1. Equal volumes ofO0. I M KMnO 4 and 1 0% J-1SO4, Or

5.3.3.2. Iodine, 0.25%, in a 3% 1(1 solution.

5.3.4. Magnesium sulfate is known to be a reproductive toxin (mutagen).

5.4. Exposure to chemicals must be maintained as low as reasonably achievable. Therefore,
unless they are known to be non-hazardous, all samples Should be opened, transferred and
prepared iii a fumec hood, or under other means of mechanical ventilation. Solvent and
waste containers will be kept closed unless transfers are being made.

5.5. All work must be stopped in the event of a known or potential compromise to the health
and safety of a STL North Canton associate. The Situation must be reported immediately
to a laboratory supervisor.

5.6. Do not look directly into the beam of the H-g lamnp. The UV light that these lamps radiate is
hanmifLil to thre eyes.

5.7. Cylinders ofrcompressed gas must be handled with caution, in accordance with local
regulations. It is recommended that, wherever possible, cylinders be located outside the
laboratory and the gas led to the instrmentCI through approved linies.

5.8. Thre CVAA apparatus InUst be properly vented to remove potentially harmful Ibmecs
generated during sample analysis.

6. EQUIPMENT AND SUPPLIES

6.1 I Temperature controlled water bath (capable of maintaining tempeirafture of' 90- 95 0 C).

6.2. Atomic Absorption Spectrophotonieter equipped with:

6.2.1. Absorption Cell with quartz end windows perpendicular to the longitudinal axis.
Dimensions of the cell must result inl sufficient Sensitivity to m)eet the SOP definecd
reporting limit. The quartz windows must be maintained to provide accurate
measurements. Any scratches or fingerprints can alter the absorption of UV
radiation.

6.2.2. Mercuiry specificlhollow cathiode lamnp (-ICL) or electrodeless dischlarge lamlp
(EDL).
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6.2.3. Peristaltic pump which can deliver I L/mnin air.

6.2.4. Flowmeter capable of measuring an airflow of I L/min.

6.2.5. Recorder or Printer.

6.2.6. Aeration Tubing: A straight glass flit having a course porosity and Tygon tubing is

used for the transfer of mercury vapor from the sample bottle to the absorption cell

and return.

6.2.7. Drying device (a drying tube containing magnesium perchiorate or magnesium

sulfate and/or a lamp with a 60 W bulb) to prevent condensation in cell. The lamp

is positioned to shine on the absorption cell maintaining the air temperature in the

cell about 10 0C above room temperature. Other drying devices that acheive the

same purpose are also acceptable (i.e., Cortex filter).

Note: Instruments designed specifically for the measurement of mercury using the cold

vapor technique may be substituted for the atomic absorption spectrophotometer.

6.3. BOD bottles or equivalent.

6.4. Nitrogen or argon gas Supply, welding grade or equivalent.

6.5. Calibrated automatic pipettes or Class A glass volumnetric pipettes.

6.6. Class A volumnetric flasks.

6.7. Top-loading balance, capable of reading up to two decimal places.

6.8. Thermometer (capable of accurate readings at 95 0C).

6.9. Disposable cups or tubes.

7. REAGENTS AND STANDARDS

7.1I. Reagent water must be produced by a Millipore DI system or equivalent. Reagent water

must be free of the analytes of interest as demonstrated through the analysis of method

blanks.

7.2. Stock (10 ppmn) mercury standards (in 10% HfNO 3) are purchased as custom STL North

Canton solutions. All standards must be stored in FEP fluorocarbon or previously unused
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polyethylene or polypropylene bottles. Stock standard solutions must be replaced prior to
the expiration date provided by the manufacturer. If no expiration date is provided, the
stock solutions may be used for up to one year and must be replaced sooner if verification
from an independent source indicates a problem.

7.3. Working mercury standard (0.1I ppm): Take I mL of the stock mercury standard (7.2)
and dilute to I100 mL with reagent water. The working mercury standard must be made
daily andiimust be prepared in amatrix of 0.15% HNO 3. This acid (150uL of concentrated
HN0 3 ) Must be added to the flask/bottle before the addition of the stock standard aliquot.

7.4. The calibration standards must be prepared fresh daily from the working standard (7.3) by
transferring 0, 0.2, 0.5, 1.0, 5.0 and 10.0 mL aliquots of the working mercury standard
into sample preparation bottles and proceeding as specified in Section I11.1I

Note: Alternate approaches to standard preparation may be taken and alternate volumes
of standard may be prepared as long as the accuracy and final standard
concentrations as detailed in Table 1 are maintained. For example, automated
mercury systems do not require I100 rnL of standard and therefore smaller voIlume1s
may be generated to reduce waste generation.

7.5. The initial calibration verification standard must be made from a different stock solution than
that oU the calibration standards.

7.6. Rcetr to Table I (Appendix A) for details regarding the working standard concentrations for
calibration, calibration verification and spiking Solutions. All standards must be processed
through the entire analytical procedure including sample preparation.

7.7. Nitric acid (H-NO3) concentrated, trace metal grade or better.

Note: If a high reagent blank is obtained, it may be necessary to distill the nitric acid.

7.8. Su~lhfuic acid (1-12SO4), concentrated, trace metal grade or better.

7.9. Hydrochloric acid (I1-IC), concentrated, trace metal grade or better.

7. 10. Aqua Regia: Prepare immediately before use by carefuilly adding three voIlume1s Of
concentrated HCWI to one volume of concentrated H-N0 3.

7.1 1. StannouUs SUlfhft Solution: Add 25 g of stannous Sulfate to 250 inL of 0.5 N sulfuric acid.
This mixture is a Suspension and should appear Cloudy. This Solution should be made daily
and] should be stirred continuously during use.
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Note: Stannous chloride may be used in place of stannous sulfate. Prepare the stannous

chloride solution according to the recommendations provided by the instrument

manufacturer.

7.12. Sodium chioride-hydroxylamine hydrochloride solution: Add 12 g of sodium chloride and

12 g of hydroxylamine hydrochloride to every 100 mL of reagent water.

Note: Hydroxylamine sulfate may be used in place of hydroxylamine hydrochloride.

7.13. Potassium permanganate, 5% solution (w/v): DissolveS5 g of potassium permanganate for

every 1 00 mL of reagent water.

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1. Sample holding time for mercury is 28 days from time of collection to the time of sample

analysis.

8.2. Soil samples do not require preservation but m~ust be stored at 40 C ± 20 C until the time of

analysis.

9. QUALITY CONTROL

Table II (Appendix A) provides a sumnmary of quality control requirements including type,

frequency, acceptance criteria and corrective action.

9.1. Initial Demonstration of Capability

Prior to the analysis of any analyte using 7471 A or the 245.5, the following requirements
must be met.

9.1 .1. Method Detection Limit (MDL) - An MDL must be determined for cach

analyte/matrix prior to the analysis of any samples. The MDL is determined using

seven replicates of reagent water, spiked with all the analytes of interest, that have

been carried through the entire analytical procedure. MDLs must be redetermined

on an annual basis in accordance with 40 CFR Part 136 Appendix B requirements.
The spike level must be between the calculated MDL and l OX the MDL to be

valid. The result of the MDL determination must be below the STh North Canton

reporting limit.

9.1.2. Initial Demonstration Study - This requires the analysis of four QC check samples.
The QC check sample is a well characterized laboratory generated sample used to
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monitor method performance. The results of the initial demonstration study must be
acceptable before analysis of samples may begin.

9.1.2. 1. Four aliquots of the check sample (LCS) are prepared and analyzed using
the procedures detailed in this SOP and the determinative SOPs.

9.2. Preparation Batch - A group of up to 20 samples that arc of the same matrix and are
processed together using the same procedures and reagents. The preparation batch must
contain a method blank, a LCS and a matrix spike/matrix spike duplicate. In some eases,
at client request, it may be appropriate to process a matrix spike and sample duplicate in
place of the MS/MSD. If clients specify specific samples for MS/MSD, the batch may
contain multiple MS/MSD pairs.

9.3. Sample Count - Laboratory generated QC samples (method blanks, LCS, MS/MSD) are
not included in the sample count for detemiining the size of a preparation batch.

9.4. Method Blank (MB) - One method blank Must be processed with eachi preparation batch.
The method blank consists of reagent water containing all reagents specific to the method
that is carried through the entire analytical procedure, including preparation and analysis.
The method blank is used to idcntify any system and process interferences or contamination
of the analytical system that may lead to the reporting of elevated analyte concentrations or,
1Illse positive data. The method blank should not contain any analyte of interest at or above
the reporting or at or above 5% of the measured concentration of that anialyte in associated
samples, whichever is higher (sample result Must be a muininuim11 of 20 times higher than the
blank contamination level).

* Repreparation and reanalysis of all samples associated with an unacceptable method
blank is required when reportable concentrations are determined in thle samples (see
exception noted above).

* If there is no analyte greater than the RL in the samples associated with anl unacceptable
method blank, thre data may be reported with qualifiers. Such action must he taken
in consultation with the client and must be addressed in the project narrative.

* If the above criteria are not met and reanalysis is not possible, thenr thle sample data
must be qualified. This anomnaly must be addressed in the project narrative and
the client must be notified.

9.5. Laboratory Control Sample (LCS) - One aqueous LCS must be processed with eachi
preparation batch. The LCS is used to monitor the accuracy of the analytical process. Onl-
going monitoring of the LCS results provides evidence that thle laboratory is performning the
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method within acceptable accuracy and precision guidelines. The LCS must be carried

through the entire analytical procedure. If the LCS is outside established control limits the

system is out of control and corrective action must occur. Until in-house control limits are

established, a control limit of 70-130% recovery must be applied.

* In the instance where the LCS recovery is > 130% and the sample results are <

RL, the data may be reported with qualifiers. Such action must be taken in

consultation with the client and must be addressed in the case narrative."

* In the event that an MIS/MSD analysis is not possible, a Laboratory Control Sample

Duplicate (LCSD) must be analyzed. The RPD of the LCS and LCSD must be

compared to the matrix spike RPD limits.

* Corrective action will be repreparation and reanalysis of the batch unless the client

agrees that other corrective action is acceptable.

9.6. Matrix Spike/Matrix Spike Duplicate (MS/MSD) - One MS/MSD pair must be processed

for each preparation batch. A matrix spike (MS) is a field sample to which known

concentrations of target analytes have been added. A matrix spike duplicate (MSD) is a

second aliquot of the same sample (spiked identically as the MS) prepared and analyzed

along with the sample and mnatrix spike. Some client specific data quality objectives

(DQO's) may require the use of sample duplicates in place of or in addition to MS/MSD's.

The MS/MSD results are used to determine the effect of a matrix on the precision and

accuracy of the analytical process. Due to the potential variability of the matrix of each

sample, these results may have immediate bearing only on the specific sample spiked.

Samples identified as field blanks cannot be used for MS/MSD analysis. Spiking levels are

provided in Table I (Appendix A).

* If analyte recovery or RPD falls outside the acceptance range, the recovery of that

analyte must be in control for the LCS. Unfti in-house control limits are established,

a control limit of 70 - 130 % recovery and 20% RPD must be applied to the

MS/MSD. If the LCS recovery is within limits, then the laboratory operation is in

control and the results may be accepted. If the recovery of the LCS is outside

limits, corrective action must be taken. Corrective action will include repreparation

and reanalysis of the batch. MS/MSD results which fall outside thre control limits

must be addressed in the narrative.

* If the native analyte con1centration in the MS/MSD exceeds 4 times the spike level

for that analyte, the recovery data are reported as NC (i.e., not calculated). If the

reporting software does not have the ability to report NC then the actual recovery

must be reported and narrated as follows: "Results outside of limits do not
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necessarily reflect poor method performance in the matrix due to high analyte
concentrations in the sample relative to the spike level."

If an MS/MSD is not possible due to limited sample volume, then a laboratory
control sample duplicate (LCSD) should be analyzed. The RPD of the LCS and
LCSD must be compared to the matrix spike RPD limits.

9.7. Initial Calibration Verification (ICV/ICB) - Calibration accuracy is verified by analyzing a
second source standard (ICy). The ICV result must fall within IO% of the tine value for
that solution. An ICB is analyzed immediately following the ICV to monitor low level
accuracy and system cleanliness. The 1ICB result must fall within +1- the reporting limit (RL)
fromt zero. If either the ICV or ICB fail to meet criteria, the analysis should be terminated,
the problem corrected and the instrument recalibrated. (See Section I 1.2. 10 and Section
1 1.2.1 1 for required run sequence). If the cause of the ICV or lIC3 failure was not directly
instrument related the corrective action will include repreparation of the ICV, ICB, CRA,
CCV and CCB with the calibration curve.

9.8. Continuing Calibration Verification (CCV/CCB) - Calibration accuracy is monitored
throughout the 'analytical run through the analysis of a known standard alter every 10
samples. Thre CCV must be a mid-range standard at a concentration other than that of the
ICy. The CCV result must fall within 20% of the true value for that solution. A CCB is
analyzed immediately following each CCV. (See Section 1 1.2. 10 and 11.2.11 for required
run Sequence.) The CCB result must fall within +/- RL from zero. Each CCV and CCB
analyzed must reflect the conditions of analysis of all associated samples. Sample results
may only be reported when bracketed by valid ICV/CCV and ICB/CCB pairs.

9.9. Method of Standard Addition (MSA) -This technique involves adding known amounts of
standard to one or more aliquots of the sample prior to preparation. This technique
compensates l'or a sample interferent that m ay enhance or depress the analyte signal, thus
producing a different slope from that of the calibration standards. It will not correct for
additive interferences which cause a baseline shift. Refer to Section I 1.2.12 for additional
information on when full 4 point N4SA is required as well as Appendix C for specific MSA
requirements.

10. CALIBRATION AND STANDARDIZATION

10.1. Calibration standards must be processed through the preparation procedure as described in
Section H1.1.

10.2. Due to the differecnces in preparation protocols separate calibration and calibration
verification standards mu1Lst be prepared for aqueous and solid matrices.
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10.3. Calibration must be performed daily (every 24 hours) and each time the instrument is set up.

The instrument calibration date and time must be included in the raw data.

10.4. Set up the instrument with the operating parameters recommended by the manufacturer.

Allow the instrument to become thermally stable before beginning calibration (approximately

30 minutes of warm-up is required). Refer to the facility specific instrument SOP and

CVAA instrument manual for detailed setup and operation protocols.

10.5. Calibrate the instrument according to instrument manufacturer's instructions, using a

minimum of five standards and a blank. One standard must be at the STh North Canton

reporting limit. Analyze standards in ascending order beginning with the blank. Refer to

Section 7.5 and Table I for additional information on preparing calibration standards and
calibration levels.

10.6. The calibration curve must have a correlation coefficient of Ž0.995 or the instrument shall be

stopped and recalibrated prior to running samples. Sample results can not be reported from

a curve with an unacceptable correlation coefficient.

10.7. Refer to Section 9.0 for calibration verification procedures, acceptance criteria and

corrective actions.

II. PROCEDURE

II .1. Standard and Sample Preparation:

II .1 .1. All calibration and calibration verification standards (ICy, ICB, CCV, CCB) are

processed through the digestion procedure as well as the field samples.

11.1.2. Transfer 0, 0.2, 0.5, 1 ~0, 5.0 and 1 0.0 mL aliquots of the working standard

(7.3) into a series of sample digestion bottles. For the ICV, transfer a 2.5 ml

aliquot of the working standard. The ICV working standard must be made from

a source other than that used for the calibration standards.

Note: Alternate volumes of standard may be prepared as long as the accuracy

and final standard concentrations as detailed in Table I are maintained.

11.1.3. Add reagent water to each standard bottle to make a total volume of 10 mL.

Continue preparation as described under H. .1.5 below.

11-1.4. Transfer triplicate 0.2 g portions of a well mixed sample into a clean sample

digestion bottle. Add l0nmL of reagent water to each standard bottle. Continue



8 77158 5

PREPARATION AND ANALYSIS OF MERCURY IN SOLID SOP No. CORP-MT-0007NC
SAMPLES BY COLD VAPOR ATOMIC ABSORPTION, SW-846 Revision No. 2.4

Revision Date: 10/28/02
Page 14 of 42

preparation as described under II. 1.5.

11.1.5. Water Bath protocol:

11.1.5.1. To each standard bottle: Add 5 mL of aqua regia.
To each sample bottle: Add IO mL of reagent water and 5 mL

of aqua regia.

11.1.5.2. H-eat for 2 minutes in a water bath at 90 -95 0 C.

11.1.5.3. Add 40 mL of distilled water.

11.1.5.4. Add IS mL of potassium permanganate solution.

11.1.5.5. Heat for 30 minutes in the water bath at 90 -95 'C.

11.1.5.6. Cool.

11.1.5.7. Add 6 nmL of sodium chioride-hydroxylanmie SUlfiate solution to
reduce the excess pemriangarnate.

11.1.5.8. To each standard bottle: Add 50 nmL of reagent water.
To each sample bottle: Add 50 mL of reagent water.

I11. 1.5.9. Continue as described under Section 1 1.2.

11.2. Sample Analysis:

11.2.1. BecauIse of di fferences between various makes and models of CVAA
instrUmientatioin, no detailed operating instructions can be provided. Refier to the
facility specific instrument operating SOP and the CVAA instrument manual for
detailed setup and operation protocols.

11I.2.2. All labs are required to detail the conditions/programns utilized for each instrument
within the facility specific instalment operation SOP.

11 .2.3. Manlual detenmination:

1 1.2.3. 1. Treating each sample individually, purge the head space of the sample
bottle for at least one minute.
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11.2.3.2. Add 5 mL of stannous chloride solution and immediately attach the

bottle to the aeration apparatus.

11 .2.3.3. Allow the sample to stand quietly without manual agitation while the

sample is aerated (I L/mini flow). Monitor the sample absorbance

during aeration. When the absorbanice reaches a maximum and the

signal levels off, open the bypass valve and continue aeration until the

absorbanee returns to its baseline level. Close the bypass valve and

remove the aeration device.

11.2.3.4. Place the aeration device into 100 mLs of 1% HNO 3 and allow to

bubble rinse until the next sample is analyzed.

11.2.4. Automated determnination: Refer to Appendix G for instnument setup and

operation.

11.2.5. Perform a linear regression analysis of the calibration standards by plotting

maximum response of the standards vs. ug of mercury. Determine the mercury

concentration in thle samples from the linear regression fit of the calibration curve.

Calibration using computer or calculation based regression curve fitting techniques

on concentration/response data is acceptable.

11 .2.6. All measurements must fall within the detined calibration range to be valid. Dilute

and reanalyze all samples for analytes that exceed the highest calibration standard.

11 .2.7. If the sample results are negative and the absolute value of the negative result is

greater than the reporting limit, the sample must be diluted and reanalyzed.

11.2.8. The samples must be allowed to cool to room temperature prior to analysis or a

decrease in the response signal can occur.

11 .2.9. Baseline correction is acceptable as long as it is performed after every sample or

after the CCV and CCB; resloping is acceptable as long as it is immediately

preceded and followed by a compliant CCV and CCB.

11.2.10. Thec following analytical sequence must be used with 747 I A and 245.5:

Instrnment Calibration
ICV
lC13
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Maximum 10 samples
CCV
CCB
Repeat sequence of 10 samples between CCV/CCB pairs as required to
complete run
CCV
CCB

Refer to Quality Control Section 9.0 and Table 11 (Appendix A) for quality
control criteria to apply to Methods 747 I A and 245.5.

Note: Samples include the method blank, LCS, MS, MSD, duplicate, field
samples and sample dilutions.

11.2.11. The following run sequence is consistent with 7471 A, CLP and 245.5 and may
be used as an alternate to the sequence in 1 1.2. 10. This rin sequence is
recommended if multiple method requirements must be acconmiodated ill one
analytical run:

Instrument Calibration
ICV
ICB
CRA*
CCV
CCB
10 samples
CCV
CCB
Repeat sequence of lO samples between CCV/CCB3 pairs as required to

complete run.
CCV
CCB

Refer to the appropriate CLP SOP (CORP-MT-0008) for quality control
requirements for QC samples.

* Refer to the CLP SOP for infonnation onl the CRA.
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11.2.12. For TCLP samples, full four point MSA will be required if all of the following

conditions are met:

1) recovery of the analyte in the matrix spike is not at least 50%,

2) the concentration of the analyte does not exceed the regulatory level, and,

3) the concentration of the analyte is within 20% of the regulatory level.

Appendix E provides guidance on performing MSA analyses. For TCLP

mercury determinations, MSA spikes must he added prior to sample preparation.

11.3. To facilitate the early identification of QC failures and samples requiring rernm it is strongly

recommended that sample data be reviewed periodically throughout the run.

11.4. Guidelines are provided in the appendices on procedures to minimize contamination of

samples and standards, preventive maintenance and troubleshooting.

11.5. One time procedural variations are allowed only if deemed necessary in the professional

judgment of supervision to accommodate variation in sample matrix, radioactivity,

chemistry, sample size, or other parameters. Any variation in procedure shall be completely

documented using a Nonconform-rance Memo and is approved by a Technical Specialist and

QA Manager. If contractually required, the client shall be notified. The Nonconformance

Memo shall be filed in the project file.

11.6. Any unauthorized deviations from this procedure must also be documented as a

nonconformance, with a cause and corrective action described.

12. DATA ANALYSIS AND CALCULATIONS

12.1. ICV percent recoveries are calculated according to the equation:

l00( Found (ICV)"j
( True( ICV))

12.2. CCV percent recoveries are calculated according to the equation:

lOOK 1(Found(CCVj

12.3. Matrix spike recoveries are calculated according to the following equation:
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%R =IOOSSR - S

Where:
SSR = Spike Sample Result
SR = Sample Result
SA = Spike Added

12.4. The relative percent difference (RPD) of matrix spike/matrix spike duplicates or sample
duplicates arc calculated according to the following equations:

lPOT 0I S MSI1[CMSD+ TMSD

Where:
MS = determined spiked sample concentration
MSD = determiined matrix spike duplicate concentration

RPD =l00[ DUl- DU21
[DUI;+ DU2J

Where:
DU I = Sample result
DU2 = Sample duplicate result

12.5. For automated detenninations, the final concentration detennined in solid samples when
reported on a dry weight basis is calculated as follows:

mng/Ag, diry weight = (C x V x D)/(W x 5)

Where:
C = Concentration (ug/L) from instrument readout
V = Volume of digestate (L)
D = Instrument dilution factor
W = Weight in g of wet samiple digested
S = Percent solids/O00
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Note: A Percent Solids determination must be performed on a separate aliquot when dry

weight concentrations are to be reported. If the results are to be reported on a wet

weight basis, the "5" factor should be omitted from the above equation.

12.6. For manual (total) determinations, the final concentration determined in solid samples when

reported on a dry weight basis is calculated as follows:

mg/kg, dry weight = (C)/(\V x 5)

Where:
C = Concentration (ug) from instrument readout
W =Weight in g of wet sample digested

S = Percent solids/lI00

Note: A Percent Solids determination must be performed on a separate aliquot when dry

weight concentrations are to be reported. If the results are to be reported on a wet

weight basis, the "5" factor should be omitted from the above equation.

12.7. The LCS percent recovery is calculated according to the following equation:

=01FouncdLCS)j)

12.8. Sample results should be reported with up to three significant figures mn accordance with the

STL North Canton significant figure policy.

13. METHOD PERFORMANCE

13.1. Each laboratory must have initial demonstration of performance data on file for each analyte

of interest as described in Section 9. 1.

13.2. Method performance is determined by the analysis of method blank, laboratory control

sample, matrix spike and matrix spike duplicate samples. The matrix spike recovery should

fall within +/- 30 % and the matrix spike duplicates should compare within 20% RPD. The

method blanks must meet the criteria in Section 9.4. The laboratory control sample should

recover within 20% of the true value until in house limits are established.

13.3. Training Qualification:

The group/team leader has the responsibility to ensure that this procedure is performed by

an associate who has been properly trained in its use and has the required experience.
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14. POLLUTION PREVENTION

14. 1. This method does not contain any specific modifications that serve to minimize or prevent
pollution.

15. WASTE MANAGEMENT

I 5. I. Waste generated in the procedure must be segregated and disposed according to the facility
hazardous waste procedures. The Environmental Health and Safety Director should be
contacted if additional information is required.

16. REFERENCES

16. 1. References

16. 1. 1. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846,
3rd Edition, Final Update 11, Revision 1, September 1994, Method 7471A
(Mercury).

16.1.2. "Methods for the Chemical Analysis of Water and Wastes", EPA-600/4-79-020,
U.SEPA, August 1983, Method 245.5.

16.1.3. U.SEPA Statement of Work for Inorganics Analysis, ILMO3.0 and IMLO04.0.

1 6.1.4. Corporate QUality Management Plan (QMP), cunrent version.

16.2. STL Laboratory Quality Manual (LQM), Current version. Associated SOPs and Policies,
latest version
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16.2. 1. QA Policy, QA-003

16.2.2. Glassware Washing, NC-QA-00 1 4

16.2.3. Statistical Evaluation of Data and Development of Control Charts, NC-QA-O0 18

16.2.4. Method Detection Limits and Instrument Detection Limits, NC-QA-0021

16.2.5. Navy/Army SOP, NC-QA-00 16

17. MISCELLANEOUS (TABLES, APPENDICES, ETC. .. )

17.1. Modifications/Interpretations from reference method.

17. 1. 1. Modifications from both 747 1 A and 245.5.

17.1.1 .1. A potassium pcrsulfate oxidation step has been included to facilitate the

breakdown of organic mercurials which are not completely oxidized by

potassium pernnanganate. Use of potassium persulfate in combination
with the pemnanganate improves the recovery of mercury from organo-
mercury compounds. The use of persulfate has been incorporated in

several recent EPA mercury protocols.

17.1.1.2. The alternate run sequence presented in Section 1 1.2.1 1 is consistent
with method requirements. An additional QC analysis (CRA) was
added to accommodate the CLP protocol requirements.

17.1.2. Modifications from Method 747 I A

17.1.2.1. Chapter 1 of SW846 specify, the use of reagent water with a purity

equivalent to ASTM Type 1I water. This SOP specifics the use of a
Millipore DI system or equivalent to produce reagent water. This SOP

requires that reagent water must be free of the analytes of interest as

demonstrated through the analysis of method blanks.

17.1.2.2. Chapter 1 of SW-846 states that the method blank should not contain

any analyte of interest at or above the MDL. This SOP states that the

method blank must not contain any analyte of interest at or above the

reporting limit.
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17.1.3. Modifications from 245.5

17.1.3.1. Method 245.5 Section 9.3 states concentrations should be reported as
follows: Between 0.1I and I ug/g, to the nearest 0.01I ug; between I
and 1 0 ug/g, to the nearest 0.1I ug; above 1 0 ug/g, to the nearest ug.
STL North Canton reports all Hg results under this SOP to two
siguificant figures.

17.2. Modifications from previous SOP

17.2. 1. Section 1.4 reporting limit changed form 0.1I mg/kg based on a 0.2 g to 0.3 mg/kg
based onl a 0.6 g sample aliquot

1 7.2.2. Section 9.3 added MS and MSDs as not counted in determination of preparation
batches.

17.3. Facility Specific SOPs

Each facility shiall attach a list of facility specific SOPs or approved attachmenlts (if
,applicable) which are required to implement this SOP or which are usecd iii conjUniction with
this SOP. If'no facility specific SOPs or amendments are to be attached, a statement must
be attached specifying that there arc none. Refer to the Appendices for any facility specitic
inoroimation required to Support this SOP.

1 7.4. Documentation and Record Management

The following documentation comprises a complete CVAA raw data package:

* Raw data (direct instniment printout)

* Run log printout from instrument software where this option is available or nmanually
generated run log. (A bench shieet may be substituted for the run log as long as it
contains anl accurate representation of the analytical sequence).

* Data review checklist - See Appendix B

* Standards Documentation (source, lot, date).

* Copy of digestion log.

Non-confbonnarncc summary (if applicable).

12/03/02
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Figure 1. Solid Sample Preparation for Mercury - Water Bath Procedure
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Figure 2. CVAA Mercury Analysis
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TABLE I. MERCURY REPORTING LIMITS, CALIBRATION STANDARD*, QC
STANDARD AND SPIKING LEVELS

Soil RL (mg/kg) 0.1

Std 0 (mg/L) 0

Std I (mng/L) 0.0002

Std 2 (mngIL) 0.0005

Std 3 (rng/L) 0.001

Std 4 (nig/L) 0.005

Std 5 (in' L) * 0.010

ICV (mg/L) 0.00 I or 0.0025**

CCV/LCS (mg/L) 0.0025 or 0.005**

MS (nig/L) 0.00 I

* SOP specified calibration levels must be used unless prevented by the instrument
configuration or client specific requirements. Deviations from specified calibration levels
must be documented in the facility specific instrument operation SOP and must be approved
by the facility technical manager and Quality Assurance Manager.

**Optional standard which may be used to extend the calibration range as allowed by the
instrument configuration. If the instrument configuration prevents the use of 6 standards, the
2 ppb standard may he eliminated in favor of the 10 ppb standard.

~4~Concentration level dependent on high calibration standard used. CCV must be 50% of the
high standard concentration and the ICV must be 20-25% of the high standard concentration.
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TABLE II. Summary Of Quality Control Requirements

QC PARAMETER FREQUENCY * ACCEPTANCE CORRECTIVE ACTION
____ ___ ___ ___ CRITERIA

ICV Beginning of every 90-1 10 % recovery. Terminate analysis; Correct
analytical inn. the problem; Recalibrate or

reprep with calibration
curve (see Section 9.7).

ICB Beginning of every The result must be within Terminate analysis; Correct
analytical run, +-RL from zero. the problem; Recalibrate or

immediately following reprep with calibration

the ICV, curve (see Section 9.7).

CCV Every I0 samples and at 80 - 120 % recovery. Terminate analysis;

the end of the run. Correct the problem;
Recalibrate and rerun all

samples not bracketed by
acceptable CCV or reprep
with calibration curve (see
Section 9.8).

CCB Immediately following The result must be within Terminate analysis; Correct

each CCV. -I-RL from zero. the problem; Recalibrate
and rerun all samples not
bracketed by acceptable
CCB or reprep with
calibration curve (see

Section 9.8).

Method Blank One per sample The result must be less than Redigest and reanalyze

preparation batch Of tIP or equal to the RL. samples.
to 20 samples.

Sample results greater than Note exceptions under
20x the blank concentration criteria section.

are acceptable.
See Section 9.4 for

Samples for which the additional requirements.

contaminant is < RL do not
require redigestion (See
Section 9.4) _ _ _ _ _ _ _ _ _ _ _ _ _

*See Sections 1 1.2. 10 and 1 1.2.1 1 for exact run sequence to be followed.
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TABLE IL. Summar of Quality Control Requirements (Continued) __________

QC PARAMETER FREQUENCY ACCEPTANCE CRITERIA CORRECTIVE
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ A C T IO N

Laboratory Control One per sample Aqueous LCS must be within Terminate analysis;
Sample (LCS) preparation batch of 80 - 120% recovery or in- Correct the problem;

up to 20 samples. house control limits. Redigest and reanalyze
all samples associated
with the LCS (see

_____________________ _____________________ Section 9.5).

Matrix Spike One per sample 75 - 125 % recovery or in- In the absence of client
preparation batch of house control limits. If the specific requirements,
up to 20 samples. MS/MSD is out for an flag the data; no flag

analyte, it must be in control required if the sample
in the LCS. level is > 4x the spike

added. (see Section
9.6)

For TCLP see Section
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~1 11.3.12

Matrix Spike See Matrix Spike 75 - 125 % recovery or in- Se Corrective Action
Duplicalte houLse control limits; RPD folr Matrix Spike.

___ ___ ___ ___ ___ ___ ___ ___ ___ ___ 20% . (See M S)
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Example
STL North Canton Hg Data Review Checklist

Run/Project information

[tun Date: _______ Analyst: ___________ Instrument:
Prep Batches Run:______________________________________

Circle Methods used: 7470A / 245.1 : CORP-MT-0005 Rev I 7471/ 245.5 : CORP-MT-0007 Rev I
CLP -AQ : CORP-MT-OOO6RcvOCLP-SOL : CORP-MT-OOOSRcv()

Review Items
A. Calibration/lnstrumient Run QC Yes No N/A 2ndLevel
I. Instrument calibrated per manufacturer's instructions and at SOP

specified levels ?
2. ICV/CCV analyzed at appropriate frequency and within control limits? ____

3. ICBICCB aiialyzed at appropriate frequency and within +1- RI. or +1- CRDL
(Cl.,P)?

4. CRA rin (CLP only)?
Bt. Sample Results
1. Were samples with concentrations > tlie high calibration standard diluted

anrd rcanra l'y/d?
2. All reported results bracketed by iii control QC ?
3. Sample analyses done within holding time?
C. Preparation/Matrix QC
I. LCS done per prep hatch and within QC limits ?
2. Method blank (lone per prep hatch -aild < RI, or C RDIL (CL.P) ?
3. MIS runi at required frequency aiid within limits ?
4. ISI) or DU run at required frequency and RDIWO withn SOP limits?
1). Other
I. Are all nonconforniances docu merited approlpriately ?
2. Current IDl)L/N DI1, data on tile?
3. Calculations and Transcriptions checked for error ?
4. All client/ project specific requiremeiits met?
5. lDate of analysis verified as correct ?

A ala3s t : ___________________________________________ Date:
Comments:

2nd Level Reviewer : _____________________ Date:



8771602
PREPARATION AND ANALYSIS OF MERCURY IN SOLID SOP No. CORP-MT-000'7NC
SAMPLES BY COLD VAPOR ATOMIC ABSORPTION, SW-846 Revision No. 2.2
METHOD 747 1A and MCAWW METHOD 245.5 Revision Date: 02/06/0 1
APPENDIX C - MSA GUIDANCE Page 31 of 42

APPENDIX C

MSA GUIDANCE



8 771 6 03
PREPARATION AND ANALYSIS OF MERCURY IN SOLID SOP No. CORP-MT-0007NC
SAMPLES BY COLD VAPOR ATOMIC ABSORPTION, SW-846 Revision No. 2.2
METHOD 747 1 A and MCAWW METHOD 245.5 Revision Date: 02/06/01
APPENDIX C - MSA GUIDANCE Page 32 of 42

APPENDIX C. MSA GUIDANCE

Method of Standard Addition

Four equal volume aliquots of sample are measured and known amounts of standards are added to three
aliquots. The fourth aliquot is the unknown and no standard is added to it. The concentration of standard
added to the first aliquot should be 50% of the expected concentration. The concentration of standard
added to the second aliquot should be 1 00% of the expected concentration and the concentration of
standard added to the third aliquot should be 150% of the expected concentration. The volume of the
Unspiked and spiked aliquots should be the same (i.e., the volume of the spike added should be negligible in
relation to the volume of sample).

To determine the concentration of analyte in the sample, the absorbance (or response) of each solution is
detennined and a linear regression performed. On the vertical axis the absorbance (or response) is plotted
Versus the concentrations of the standards on the horizontal axis using 0 as the concentration of the unspiked
aliquot. An example plot is shown in Figure 1. When the resulting line is extrapolated back to zero
absorbance, the point of interception of the horizontal axis is the concentration of the unknown. Calculate
the correlation coef'ficient (r) and the x-intercept (where y0O) of the Curve. The concentration in the
digestatc is equal to the negative x-intercept.

Figure I

Absor ~~~~~~~~~~~~~~~~Concentration

Colie, of Adda 0 Addn I Addin 2 Addn 3
Sample No Addn Addn of 50%X Addn of I100%X Addn~ of 150%A

of Expected of Expected of Expected
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* For the method of standard additions to be correctly applied, the following limitations must be taken into
consideration.

* The plot of the sample and standards must be linear over the concentration range of concern. For best
results, the slope of the curve should be similar to that of a plot of the aqueous standard curve.

* The effect of the interference Should not vary as the ratio of the standard added to the sample matrix
changes.
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APPENDIX D. TROUBLESHOOTING GUIDE

Problem Possible Cause

Poor or No Absorbance or Incorrect wavelength
Sensitivity Check failed Dirty windows

Window loose
Etched or dirty optics
Wrong lamp
Bad lamp
Not enough or no sample introduced
Empty sample cup
Incorrectly made standards
Gas leak
EDL power supply set on "Continuous"

Erratic Readings Source lamp not aligned properly
Lamp not prewarmed
Injection tip partially clogged
Contaminated reagents
Contaminated glassware
Drying tube saturated
Bad lamp
Injection tip hitting outside of tube
Injection tip coated or not set properly
Leak in sample tubing
Power fluctuations
Air bubbles in tubing

EDL Won't Light Lamp cable not plugged in
Lamp power set at 0
Lamp is dead
Power supply fuse is blown
Short in cord

Standards reading twice or half Incorrect standard used
normal absorbance or concentration Incorrect dilution performed

Dirty cell

Background Correction Light Blinking Background screen or attenuator faulty
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APPENDIX E. CONTAMINATION CONTROL GUIDELINES

The following procedures are strongly recommended to prevent contamination:

All work areas used to prepare standards and spikes should be cleaned before and afier

each use.

All glassware should be washed with detergent and tap water and rinsed with 1:1I nitric acid

followed by deionized water.

Proper laboratory housekeeping is essential in the reduction of contamination in the metals

laboratory. All work areas must be kept scrupulously clean.

Powdered or Latex Gloves must not be used in the metals laboratory since the powder

contains silica and zinc, as well as other metallic analytes. Only vinyl or nitrile gloves should

be used in the metals laboratory.

Glassware should be periodically checked for cracks and etches and discarded if found.

Etched glassware can cause cross contamination of any metallic analytes.

Autosampler trays should be covered to reduce the possibility of contamination. Trace

levels of elements being analyzed in the samples can be easily contaminated by dust particles

in the laboratory.

The following are helpful hints in the identification of the source of contaminants:

Reagents or standards can contain contaminants or be contaminated with the improper use

of a pipette.

Improper cleaning of glassware can cause contamination.

Separate glassware if an unusually high sample is analyzed and soak with sulfuric acid prior

to routine cleaning.
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APPENDIX F. PREVENTIVE MAINTENANCE

A maintenance log is used to record when maintenance is performed on instruments. When an instrument
problem occurs indicate the date, time and instrument number, then identify the problem and corrective
action in the maintenance log.

The following procedures arc required to ensure that that the instrument is fully operational.

Cold Vapor Atomic Absorption (Leeman PS 200) (o

Daily Semii-annually Annually

Clean1 tenls. Check Hig lamp intensity. Change Fig~ lamp.

Check aperture. Chcck I iquid/gas separator.

Check argon flow.

Check tubinig.

Cheek drain.

Replace drying tube.

Cold Vapor Atomic Absorption (PE 5000)")

Daily MIonthlv

Clean aspirator by flujshing with DI water. Clean cell in aqua,1 regit.

Check tuibing and replace i neceded. Clean a~sp~iiraor in aqua re'gial.

Clean1 winldows With mlethanol.

Chatngre silica gel in drying 'tithe.

Cheek argon gaes suIpply.

Adjuist lamp1.
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Hg Analysis (Leeman PS200II)

SYSTEM INITIALIZATION AND WARM UP

1. FlI Menu

2. Instrument

a. Taskmaster

b. #4 Wake System Up Enter

The warming up period takes approximately 10 minutes.

TO SET UP INSTRUMENT FOR ANALYSIS

1. Fl Menu

2. Autosampler

A. Rack Entry

B. Edit (ex. Rack 1), Enter

C. Cup JD - Enter (clears sample #'s)

D. Extended ID- type in matrix of sample (water or solid), Enter.

E. Press Insert Key and move cursor with arrows to cup ID and begin

typing labels.

F. F3 Print Screen

3. Press F2 Macro key and type in analyst's first name - Enter

A. Enter folder name - ex. HG0306, Enter. If folder does not exist,

type Y - Enter.

B. Type in - "Rack 1", "Rack 2" etc. , Enter.
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D. Type in: FROM CUP TO CUP

Ex. = 1 30

Do the same for position 2 if needed. If not needed, you must press Enter 3 times to begin analysis.
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1. SCOPE AND APPLICATION

1. 1. This procedure describes the analysis of trace elements including metals in solution by Inductively
Coupled Plasma -Atomic Emission Spectroscopy (ICP-AES) using SW-846 Method 6010B and
EPA Method 200.7. Table I of Appendix A lists the elements appropriate for analysis by
Methods 6010B3and 200.7. Additional elements may be analyzed under Methods 60lOB and
200.7 provided that the method performance criteria presented in Section 13.0 are met.

1.2. ICP analysis provides for the determination of metal concentrations over several orders of
magnitude. Detection limits, sensitivity and optimum concentration ranges of the metals will vaiy
with the matrices and instrumentation used.

1.3. Method 601l0B is applicable to the determination of dissolved, suspended, total recoverable and
total elements in ground water, aqueous samples, soils, sludges, wastes, sediments, biological, and
TCLP, EP and other leachates/extracts. All matrices require digestion prior to analysis with the

exception of analyses for dissolved metals in filtered and acidified aqueous samples. Although
digestion is not specifically required by the method, some clients and regulators may require
digestion of dissolved samples and this must be clarified and documented bcfore project
initiation. Silver concentrations must be below 2.0 mg/L in aqueous samples and 100 mg/kg in
solid matrix samples. Precipitation may occur in samples where silver conccntrations exceed these
levels and lead to the generation of erroneous data.

1.4. Method 200.7 is applicable to the determination of dissolved, suspended, total recoverable, and
total elements in water, waste water, and solid wastes. All matrices require digestion prior to

analysis with the exception of analyses for dissolved metals in filtered and acidified aqueous
samples if the criteria in Section 1.1I arc met. Silver concentrations must be below 0.1I mg/L in
aqueous samples.

1.5. State-specific requirements may take precedence over this SOP for drinking water sample
analyses.

1.6. The applicable LIMS method codes are QO (601 lOB), QM (6010OB Trace), AS (200.7), JII
(200.7 Trace). The Trivalent Chromium method code is GU.

2. SUMMARY OF METHOD

2.1. This method describes a technique for the determination of multi elements in solution
using sequential or simultaneous optical systems and axial or radial viewing of the plasma.
The basis of the method is the measurement of atomic emission by an optical
spectroscopic technique. Samples are nebulized and the aerosol that is produced is
transported to the plasma torch where excitation occurs. Characteristic atomic-line
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emission spectra are produced by a radio frequency inductively coupled plasma (ICP).
The spectra are dispersed by a grating spectrometer and the intensities of the emission
lines are monitored by photomultiplier tubes. The photocurrvnts from the photomultiplier
tubes are processed and controlled by a computer system. A background correction
technique is required to compensate for variable background contribution to the
determination of trace elements. Background must be measured adjacent to analyte lines
during analysis. The position selected for the background intensity measurement, on
either or both sides of the analytical line, will be determined by the complexity of the
spectrum adjacent to the analyte line. The position used must be free of spectral
interferences and reflect the same change in background intensity as occurs at the analyte
wavelength measured. Background correction is not required in cases of line broadening
where a background correction measurement would actually degrade the analytical
result. The possibility of additional interferences should also be recognized and
appropriate actions taken. Alternatively, multivariate calibration methods may be chosen
for which point selection for background correction is superfluous Since whole spectral
regions are processed.

2.2. Refer to CORP-IP-OOO2NC, Acid Digestion of Soils, SW846 Method 30508 and
CORP-IP-0003NC, Acid Digestion of Aqueous Samples by SW846 and MCAWW 200
Series Methods for details on sample preparation methods.

3. DEFINITIONS

3.1. Dissolved Metals: Those elements which pass through a 0.45 urn membrane. (Sample is
acidified after filtration).

3.2. Suspended Metals: Those elements which are retained by a 0.45 umn membrane.

3.3. Total Metals: The concentration determined on an unfiltered sample following vigorous
digestion.

3.4. Total Recoverable Metals: The concentration determined on an unfiltered sample
following treatment with hot, dilute mnenral acid.

4. INTERFERENCES

4.1I. Spectral, physical and chemical interference effects may contribute to inaccuracies in the
determinations of trace elements by lCP. Spectral interferences are caused by:

* Overlap of a spectral line fromt another clement.

* Unresolved overlap of molecular band spectra.
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• Background contribution from continuous or recombination phenomena.

* Stray light from the line emission of high concentration elements.

4.1.1I. A background correction technique is required to compensate for variable
background contribution to the determination of tracc elements. Background
correction is not required in cases where a background corrective measurement
would actually degrade the analytical result.

4.1 .2. Inter-element correction factors (IECs) are necessary to compensate for spectral
overlap. Inter-element interferences occur when elements in the sample emit
radiation at wavelengths so close to that of the analyte that they contribute significant
intensity to the analyte channel. If such conditions exist, the intensity contributed by
the matrix elements will cause an excessively high (or sometimes low) concentration
to be reported for the analyte. Inter-elemnent corrections IECs must be applied to
the analyte to remove the effects of these unwanted emissions.

4.1.3. Physical interferences are generally considered to be effects associated with sample
transport, nebulization and conversion within the plasma. These interferences may
result in differences between instrument responses for the sample and the calibration
standards. Physical interferences may occur in the transfer of solution to the
nebulizcr (e.g., viscosity effects), at the point of aerosol form-ation and transport to
the plasma (c.g., surface tension) or during excitation and ionization processes
within the plasma itself. Changes in viscosity and surface tension can cause
significant inaccuracies, especially in samples containring high dissolved solids or high
acid concentrations. If physical interferences are present, dilution of the sample, use
of a peristaltic pump, mass flow controller, use of an internal standard and/or use of
a high solids nebulizer can reduce the effect.

4.1 .4. Chemical interferences are characterized by molecular compound formation,
ionization effects and solute vaporization effects. Normally these effects are not
significant with the ICP techlnique but if observed can be minimnized by buffering the

sample, matrix matching or standard addition procedures.

5. SAFETY

5.1. Employees must abide by the policies and procedures in the Corporate Safety Manual,

Radiation Safety Manual and this document.

5.2. Eye protection that protects against splash, laboratory coat, and appropriate gloves must be
worn while samples, standards, solvents, and reagents are being handled. Disposable gloves
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that have been contaminated will be removed and discarded; other gloves will be cleaned
immediately.

5.3. The following is a list of the materials used in this method, which have a serious or significant
hazard rating. NOTE: This list does not include all materials used in the method. The
table contains a summary of the primary hazards listed in the MSDS for each of the
materials listed in the table. A complete list of materials uscd in the method can be found in
the reagents and materials section. Employees must review the information in the MSDS for
each material before using it for the first time or when there are major changes to the MSDS.

Material (I) Hazards Exposure Limit Signs and symptoms of exposure
_____ ____ ____ _ __ ____ ____ (2 )

Nitric Acid Corrosive 2 ppm-TWA Nitric acid is extremely hazardous; it is Corrosive,

reactive, an oxidizer, and a poison. Inhalation of
Oxidizer 4-ppm STEL vapors can cause breathing difficulties and lead to

Poison ~~~~pneumonia and pulmonary edema, which may be
Poison ~~~~~fartal. Other symptoms may include Coughing,

choking, and irritation of the nose, throat, and
respiratory tract. Can cause redness, pain, and severe
skin buIMS. Concentrated Solutions Cause deep ulcers
and stain skin a yellow or yellow-brown color.
Vapors are irritating and may cause damage to the
eyes. Contact may cause sevcre bUnis and permanent
eye damage.

Hydrochloric Corrosive 5 ppmu-Ceiling Inhalation of vapors can cause coughing, chocking,
Acid inflammation of the nose, throat, and upper

Poison respiratory tract, and in severe cases, pulmonary

edemra, circulatory falilure, and death. Can cause
redness, pain, and severe skin bunms. Vapors are
irritating and may cause damage to the eyes. Contact

_______________may cause severe burns and permanent eye damage.

I- Always adid acid to water to prevent violent reactions

2 - Exposure limit refers to the OS1-A regulatory exposure limit.
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5.3. 1. The plasma emits strong UV light and is harmfiul to vision. NOTE: AVOID looking

directly at the plasma.

5.3.2. The RF generator produces strong radio frequency waves, most of which are unshielded.

People with pacemakers should not go near the instrument while in operation.

5.4. Exposure to chemicals must be maintained as low as reasonably achievable, therefore, unless

they are known to be non-hazardous, all samples should be opened, transferred and prepared

in a flume hood, or under other means of mechanical ventilation. Metals digestates can be

processed outside of a fume hood. Solvent and waste containers will be kept closed unless

transfers are being made.

5.5. All work must be stopped in the event of a known or potential compromise to the health and

safety of a STL North Canton associate. The situation must be reported immediately to a

laboratory supervisor.

6. EQUIPMENT AND SUPPLIES

6.1. Inductively Coupled Plasma Atomic Emission Spectrometer equipped with autosampler and

background correction.

6.2. Radio Frequency Generator.

6.3. Argon gas supply, welding grade or equivalent.

6.4. Coolfiow or appropriate water cooling device.

6.5. Peristaltic Pump.

6.6. Calibrated automatic pipettes or Class A glass volumnetric pipettes.

6.7. Class A volumnetric flasks.

6.8. Autosampler tubes.

7. REAGENTS AND STANDARDS

7.1. Intermediate standards are purchased as custom STL North Canton multi-element mixes or

as single-clement solutions. All standards must be stored in FEP fluorocarbon or unused

polyethylene or polypropylene bottles. Intermediate standard solutions must be replaced

prior to the expiration date provided by the manufacturer. If no expiration date is provided,
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the intermediate solutions may be used for up to one year and must be replaced sooner if
verification from an independent source indicates a problem. Expiration dates can be
extended provided that the acceptance criteria described in laboratory-specific SOPs are
met.

7.2. Working calibration and calibration verification solutions may be used for up to 3 months
and must be replaced sooner if verification from an independent Source indicates a problem.
Standards should be prepared in a matrix of 5% hydrochloric and 5% nitric acids. Refer to
Tables Ill, IV, IVA, V and VI (Appendix A) for details regarding the working standard
concentrations for calibration, calibration verification, interference correction and spiking
solutions.

7.3. Concentrated nitric acid (HNOA trace metal grade or better.

7.4. Concentrated hydrochloric acid (FICI), trace metal grade or better.

7.5. Reagent water Must be produced by a Millipore DI system or equivalent. Reagent water
nuist be free of the analytes of interest as demonstrated through the analysis ofimethod
blanks.

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1I. Sample holding tiiies lbr metals are six months from time of collection to the time of'
analysis.

8.2. Aqueous samples are preserved with nitric acid to a pH of <2 and may be stored in either
plastic or glass. I fboron or silica are to be determined, plastic containers are preferred.
Refrigeration is not required. Preservation must be verified prior to analysis.

8.3. Soil samples do not require preservation but must be stored at 40 C ± 20 until thle time of
preparation

9. QUALITY CONTROL

Table VI I (Appendix A) provides a Summary of quality control requirements including type,
fr-equenIcy, acceptance criteria and corrective action.

9.1I. Initial Demonstration of Capability

9.1.1. Prior to analysis of any analyte using either Methiod 200.7or Method 6010B, the
Ibilowing requirementIs muI~stbe inet.

9.1I.2. Instrument Detection Limit (IDL) - The IDL for each analyte must be detenmined
fbr each analyte wavelength used for each instrument. The I DL must be detennined
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annually. If the instrument is adjusted in anyway that may affect the IDL, the IDL
for that instrument must be redetermined. The IDL shall be determined by
multiplying by 3, the standard deviation obtained from the analysis of a blank
solution, with seven consecutive measurements. Each measurement must be
performed as though it were a separate analytical sample (i.e., each measurement
must be followed by a rinse and/or any other procedurc performed between the
analysis of separate samples). The result of the IDL determination must be below
the STL North Canton reporting limit. The CLP IDL procedure can be used for
this method.
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9.1.3. Method Detection Limit (MDL) - An MDL must be determined for each analyte
prior to the analysis of any client samples. Refer to STL North Canton SOP NC-
QA-0021I for details on MDL analysis and criteria.

9.1I.4. Linear Range Verification (LR) - The linear range must be venified every 6 months
on at least an annual basis for each analyte wavelength used on each instrument. The
linear range is the concentration above which results cannot be reported without
dilution of the sample. The standards used to verify the linear range limit must be
analyzed during a routine analytical run and must read within 5% of the expected
value.

For the initial determination of the upper limit of the linear dynamic range (LDR)
for each wavelength, determine the signal rcsponses fcrom a minimum' of three to five
different concentration standards across the estimated range. One standard should
be near the upper limit of the estimated range. The concentration measured at the
LDR must be no more than 10% less than the expected level extrapolated from
Iowcr standards. If the instrument is adjusted in any way that may affect thle LRs,
new dynamic ranges must be determined. The LR data niust be documented and
kept on file.

9.1 .5. Background Correction Points - To dectennine the appropriate location for off- line
background correction when establishing methods, the user must scan the area on
either side adjacent to the wavelength and record the apparent emission intensity
liomi all other method analytes. This spectral information must be documented and
kept on file. The location selected flor background correction must be either free of'
oil-lInme interelement spectral interference or a computer routine must be used for
automnatic correction on all dletenninations. Tests to detenimine spectral interference
must be done using analyte concentrations that will adequately describe the
interference. Background correction points must be set prior to determining IECs.
Refer to the ICP instrument manual for specific procedures to be used in setting
background correction points.

9.1I.6. Inter-elernent Corrections (IECs) - ICP interelernent correction factors must be
dectermined prior to the analysis of samples and every six months thereafter. If the
instrument is adjusted in any way that may affect the IECs, the IECs must be
redetermiined. When initially detennining IECs for an instrument, wavelength scans
must be performed to ensure that Solutions in use are free from contaminants. If an
IEC varies significantly from the previously dletermined IEC then the possibility of
contamination should be investigated. The purity of the IEC check Solution can be
verified by using a standard from a second Source or an alternate method (i.e.,
GFAA or lCP-MS). Published wavelength tables ( e.g. MIT tables, Inductively
Coupled Plasmna-Atomnic Spectroscopy: Prominent Lines) can also be consulted to
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evaluate the validity of the IECs. Refer to the instrument manufacturer's

recommendations for specific procedures to be used in setting IECs. An IEC must

be established to compensate for any interelement interference which results in a

false analyte signal greater than ± the RI. as defined in Tables I, 1A or 11. For

elements with a reporting limit 10 ug/L or less, the signal should be ± 2X the RL.

To determine IECs, nm a single element standard at the established linear range.

To calculate an lEC, divide the observed concentration of the analyte by the actual

concentration of the "interfering element."

Note: Trace ICP IE~s are more sensitive to small changes in the plasma and

instrument setup conditions. Adjustments in the IE~s will be required on a

more frequent basis for the Trace as reflected by the IGSA response.

Additional spectral interference is present from easily ionizable elements such
as potassium and sodium in axial viewing instruments.

9.1.7. Rinse Time Determination - Rinse times must be determined upon initial set-up of an

ICP instrument. To determine the appropriate rinse time for a particular IGP

system, the linear range verification standard (see 9.1.4) should be aspirated as a

regular sample followed by the analysis of a series of rinse blanks. The length of

time required to reduce the analyte signals to < RL will define the rinse time for a

particular IGP system. For some analytes it may be impractical to set the rinse time

based on the linear range standard result (i.e., analyte not typically detected in
environmental samples at that level and an excessive rinse time would be required at

the linear range level). Until the required rinse time is established, the method

recommends a rinse period of at least 60 seconds between samples and standards.

If a memory effect is suspected, the sample must be reanalyzed after a rinse period

of sufficient length. Rinse time studies can be conducted at additional concentration

levels. These additional studies must be documented and kept on file, if a

concentration other than the linear range level is used to set the rinse time. The

concentration levels used to establish the rinse time must be taken into consideration

when reviewing the data.

9.2. Method Blank (MB) - One method blank must be processed with each preparation batch.

The method blank consists of reagent water containing all reagents specific to the method

that is carried through the entire analytical procedure, including preparation and analysis.

The method blank is used to identify any system and process interferences or contamination

of the analytical system that may lead to the reporting of elevated analyte concentrations or

false positive data. The method blank should not contain any analyte of interest at or above

the reporting limit (exception: common laboratory contaminants, see below) or at or above

5% of the measured concentration of that analyte in associated samples, whichever is higher

(sample result must be a minimum of 20x higher than the blank contamination level).
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* If the analyte is a common laboratory contaminant (copper, iron, lead (Trace only) or
zinc) the data may be reported with qualifiers if the concentration of the analyte in the
mnethod blank is less than two times the RL. Such action must be addressed in the
project narrative.

* Repreparation and reanalysis of all samples associated with an unacceptable method
blank is required when reportable concentrations are determined in the samples (see
exception noted above).

* If there is no analyte greater than the RL in the samples associated with an unacceptable
method blank, the data may be reported with qualifiers. Such action Must be addressed
in the project narrative.

* If the above criteria are not m et and reanalysis is not possible, then the sample data
must be qualified. This anomraly Must be addressed in the project narrative.

* For dissolved metals samples which have not been digested, a CCB result is reported
as the method blank. The CCB run immediately prior to the start of the dissolved
sample analyses must be used for this purpose. No more than 20 samples can be
aissociated with one CCB.

9.3. Laboratory Control Sample (LCS) - One aqueous LCS must be processed with each
preparation batch. The LCS must contain all analytes of interest and must be Carried
through the entire analytical procedure. Aqueous LCS spike levels are provided in Table
Ill (Appendix A). The LCS is used to monitor the accuracy of the analytical process. On-
going monitoring of the LCS results provides evidence that the laboratory is performing the
method within acceptable accuracy and precision guidelincs.

* I fany analyte is outside established control limits the system is out of control and
corrective action must occur. Unless in-house control limits are established, a control
limit of 80 - 120%Y recovery must be applied.

* In the event that an MS/MSD analysis is not possible a Laboratory Control Sample
Duplicate (LCSD) must be analyzed. The RPD of the LCS and LCSD mnust be
compared to the matrix spike RPD limits.

* In the instance where the LCS recovery is greater than 120% and the sample results
are < RL, the data may be reported with qualifiers. Such action must be addressed in
the report narrative.

* Corrective action will be repreparation and reanalysis of the batch unless the Client
agrees that other corrective action is acceptable.
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*For dissolved metals samples which have not been digested, a CCV result is reported

as the LCS. The CCV run immediately prior to the start of the dissolved sample
analyses must be used for this purpose. No more than 20 samples can be associated
with one CCV.

9.4. Matrix Spike/Matrix Spike Duplicate (MS/MSD) - One MS/MSD pair must be processed
for each preparation hatch. A matrix spike (MS) is a field sample to which known

concentrations of target analytes have been added. A matrix spike duplicate (MSD) is a
second aliquot of the same sample (spiked identically as thc MS) prepared and analyzed
along with the sample and matrix spike. Some client specific data quality objectives
(DQO's) may require the use of sample duplicates in place of or in addition to MS/MSDs.
The MS/MSD results are used to determine the effect of a matrix on the precision and
accuracy of the analytical process. Due to the potential variability of the matrix of each

sample, these results may have immediate bearing only on the specific sample spiked.
Samples identified as field blanks cannot be used for MS/MSD analysis. Spiking levels are
provided in Tables III and VI (Appendix A).

* If any analyte recovery or RPD falls outside the acceptance range, the recovery of that
analyte must be in control for the LCS. For both methods 200.7 and 601 0B, control
limits of 75-125% recovery and 20% RPD or historical acceptance criteria must be
applied to the MS/MSD. If the LCS recovery is within limits, then the laboratory
operation is in control and the results may be accepted. If the recovery of the LCS is
outside limits corrective action must be taken. Corrective action will include
repreparation and reanalysis of the batch. MS/MSD results which fall outside the
control limits must be addressed in the narrative.

* If the native analyte concentration in the MS/MISD exceeds 4x the spike level for that
analyte, the recovery data are reported as NC, MSB (i.e., not calculated). Two other
narrative notes for metals analyses: Matrix spike/spike duplicate spike
recovery/recoveries was/were outside the acceptance limits of some analytes. The
acceptable LCS analysis data indicated that the analytical system was operating within
control and this condition is most likely due to matrix interference. Sec the Matrix
Spike Report for the affected analytes which will be flagged with N. Matrix spike/spike
duplicate relative percent difference (RPD) exceeded the acceptance limits for some
analytes. The imprecision may be attributed to sample heterogeneity. See the Matrix
Spike Report for the affected analytes, which will be flagged with *.

* If an MS/MSD is not possible due to limited sample volume then a laboratory control
sample duplicate (LCSD) should be analyzed. The RPD of the LCS and LCSD Must

be compared to the matnix spike RPD limits.
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*For dissolved metals samples which have not been digested, a MS/MSD must be
performed per batch of up to 20 samples by spiking two aliquots of the sample at the
levels specified in Table III (Appendix A).

9.5. Dilution test - A dilution test is performed to determine whether significant physical or
chemical interferences exist due to the sample matrix. One sample per preparation batch
must be processed as a dilution test. The test is performed by running a sample at a 5x
(1:4) dilution. Samples identified as field blanks cannot be used for dilution tests. The
results of the diluted sample, after correction for dilution, should agree within 10% of the
original sample determination when the original sample concentration is greater than 50x the
IDL. If the results are not within 10%, the possibility of chemical or physical interference
exists and the data is flagged.

9.6. Initial Calibration Verification (ICV/ICB) - Calibration accuracy is verified by analyzing a
second source standard (ICy). For analyses conducted under Method 200.7, thle ICV
result mustI fall within 51X of the true value for that solution with relative standard deviation
<3% ft'rom ireplicate (minimumi i~ioftwo) exposures. For Methiod 600B, the ICV must fall
within I 0% of the true value ter that Solution with relative standard deviation <5% from
replicate (mininmm of two) exposures. An ICB is analyzed immediately Following the ICV
to mon01itor- low level accuracy and system cleanliness. The ICB result m1UStfIl 11 Within +/-
the RL from zero. Ifeither the ICV or ICB fail to meet criteria, the analysis should be
tenninated, the problem corrected, the instrument recalibrated and the calibration reverilied.
(See Section 1 1.8 or I[.1I for required run sequence).

9.7. Continuing Calibration Verification (CCV/CCB) - Calibration accuracy is monitored
throughout the analytical run through the analysis of a known standard after every 10
samples and at the end of the sample fin. The CCV is be a mid-range standard made
from a dilution of the calibration standard. The CCV for both methods must fall within 10%
of theC true Value for that Solution With relative standard deviation <5% from replicate
(minimuml of two) exposures. A CCB is analyzed immediately following each CCV. (See
Section 1 1.8 or I 1. I for required run sequence.) The CCB result must fall within +A- RL
from zero. If the blank is less than 1/10 the concentration of the action level of interest, and
110 sample is within 10% of the action limit, reanalysis and recalibration are not required
before Continuation of the run. Sample results may only be reported when bracketed by
valid CCV/CCR pairs. If'a mid-run CCV or CCB fails, all affected samples will be re-
analyzed with valid CCV/CCB pairs. (Refer to Section 11.1 3 for an illustration of the
appropriate rerun sequence).

9.8. Interference Check Analysis (ICSA/ICSAB) - The validity of the interelerment correction
facetors is demonstrated through the Successful analysis of interference check Solutions. The
ICSA contains only interfering elements, the ICSAB contains analytes and interfecrents.
Refer to Table V (Appendix A) for the details of ICSA and ICSAB composition. Custom
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STL North Canton multielement ICS solutions must be used. All analytes should be spiked
into the ICSAB solution, therefore, if a non-routine analyte is required then it should be
manually spiked into the ICSAB using a certified ultra high purity single element solution or

custom lab-specific mix. If the ICP will display overcorrection as a negative number then
the non-routine elements can be controlled from the ICSA as described in section 9.8.3.
Elements known to be interferents on a required analyte must be included in the ICP mn
when that analyte is determined. Aluminum, iron, calcium and magnesium must always be
included in all ICP runs.

9.8.1. The ICSA and ICSAB solutions must be run at the beginning of the run. (See
Section II 1.10 or 11. 13 for required run sequence.)

9.8.2. The ICSAB results for the interferents must fall within 80 - 120% of the true value.
If any ICSAB interferent result fails criteria, the analysis should be terminated, the
problem corrected, the instmument recalibrated and the samples rerun.

9.8.3. ICSA results for the non-interfering elements with reporting limits • 10 ug/L must
fall within the STL North Canton guidelines of ± 2x RL from zero. ICSA results for
the non-interfering elements with RLs> 10 p~g/L must fall within the STh North
Canton guidelines of± lIx RL from zero. If the ICSA results for the non-
interfering elements do not fall within +/- 2x RL (RL •1I0) or ± I xRL (RL> 1 0) from
zero the field sample data must be evaluated as follows:

* If the non-interfering element concentration in the ICSA is the result of
contamination versus a spectral interference, and this reason is documented, the
field sample data can be accepted.

* If the affected element was not required then the sample data can be accepted.

* If the interfering elements are not present in the field sample at a concentration
which would result in a false positive or negative result greater than +/- 2x RL

from zero then the field sample data can be accepted.

* If the interfering element is present in the field sample at a level which would
result in a false analyte signal greater than ± 2x RL from zero, the data can be
accepted only if the concentration of the affected analyte in the field sample is
more than IlOx the analyte signal in the ICSA.

* If the data does not meet the above conditions then the IECs must be re-
evaluated and corrected if necessary and the affected samples reanalyzed or the
sample results manually corrected through application of the new IEC to the
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raw results. If the results arc recalculated manually the calculations must be
clearly documented on the raw data.

9.9. CR1 - To verify' linearity near the RI for ICP analysis, a CR1 standard is run at the
beginning of each sample analysis run. Additionally, some projects may require CR1
analysis at the end of the run. (See Section 1. 10 or 1. 13 for required mun sequence.)
Evaluate associated samples based upon advisory limits of +/- 50% of true value.

Note: The custom STL North Canton CR1 mix contains most analytes at a level near
the standard lab reporting limit.

Note: For certified Ohio drinking water analysis, the CR1 concentration must be at or
below the reporting limit and must recover at ± 30% of true value.

9. 10. Method of Standard Addition (MSA) -This technique involves adding known amounts of
standard to one or more aliquotAS of the processed sample solution. This technique
compensates for a sample interferent that may enhance or depress the analyte signal, thus
producing a diffberent slope from that of the calibration standards. It will not correct for
additive interferences which Cause a baseline shift, Refer to Section 11. 17 for additional
iinfbnmmtion on when MSA is required as well as Appendix C for specific MSA
requirements.

10. CALIBRATION AND STANDARDIZATION

I10. I . Set tIP the instrument With the operating parameters recommended by the mianulbe~tUrer.
Allow the instrument to become thennally stable before beginning calibration (approximately
30 minutes of warno-Lp is required). Refer to the instructions iii Appendix G.

10.2. Profile and calibrate the instrument according to the instrument manufacturer's
recommended procedures. Flush the system with the calibration blank between each
standard or as the manufacturer recommends. The calibration curve must consist of a
minimum of a blank and a standard. Refer to Appendix G for detailed set uip and operation
protocols.

10.3. Calibration must be performed daily and each time the instrument is set up. Instrument runs
may be continued over periods exceeding 24 hours as long as all calibration verification
(CCV) and interference check QC criteria are met. The instrument standardization date
and time Must be included in the raw data.

10.4. Refier to Section 9.0 for calibration veri fication procedures, acceptance criteria and
corresponding corrective actions.
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11. PROCEDURE

11.1. For 200.7 analyses, dissolved (preserved) samples must be digested unless it can be
documented that the sample meets all of the following criteria:

A. Visibly transparent with a turbidity measurement of 1 NTU or less.

B. Is of one liquid phase and firee of particulate or suspended mailer following
acidification.

C. Is NOT being analyzed for silver.

11.2. A minimum of two exposures for each standard, field sample and QC sample is required.
The average of the exposures is reported. For Trace ICP analyses, the results of the sum
channel must be used for reporting.

11.3. Prior to calibration and between each sample/standard the system is rinsed with the
calibration blank solution. The minimum rinse time betwccn analytical samples is 60
seconds unless following the protocol outlined in 9.1.5 it can be demonstrated that a shorter
rinse time may be used.

11 .4. The use of automated QC checks through the instrument software is highly recommended
for all calibration verification samples (ICV,CCV), blanks (ICB,CCB,PB), interference
checks (ICSA,ICSAB) and field samples (linear range) to improve the data review process.

11.5. To facilitate the early identification of QC failures and samples requiring rerun it is strongly
recommended that sample data be reviewed periodically throughout the inn.

11 .6. To facilitate the data review and reporting processes it is strongly recommcnded that all
necessary dilutions be performed before closing out the instrument run.

11.7. The use of an internal standard is requiredon the Trace ICP unless the calibration and QC
standards arc matrix matched to each digestion procedurc used as follows:

Preparation Method % P-ING 3 % HCI

CLP Aqueous 1 5

CLP Soil 5 2.5

SW846 3050 t0 10

SW846 3005 2 5
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SW846 3010 6 5

The following procedural guidelines must be followed when using an internal standard:

I 1.7. 1. Typically used internal standards are: yttriumo. (Note: Any element can be used that
is not typically found in environmental samples at a high rate of occurrence.)

I11. 7.2. The internal standard (IS) must be added to every sample and standard at the same
concentration. It is recommended that the IS be added to each analytical sample
automatically through use of a third pump channel and mixing coil. Internal
standards should be added to blanks, samples and standards in a like mianner, so
that dilution effects resulting from the addition may be disregarded.

1 1.7.3. The concentration of the internal standard should be sufficiently high to obtain good
precision in the measurement of the IS analyte used for data correction and to
minimize the possibility of correction errors if the IS analyte is naturally present in
thle sample.

1 1.7.4. The internal standard raw intensity counts must be printed on the raw data.

1 1.7.5. The analyst m1ust monitor the response of the internal standard throughout thle

sample analysis run. This infionnation is used to detect potential problems and
identify possible background contributions from the sample (i.e., natural
Ocetlirence of IS analyte). The instrument automatically adjusts sample results
based on comparison of the internal standard intensity in the sample to the internal
standard intensity at calibration.

11.7.5.1. If the internal standard counts fall within ±30% of the counts observed
in the ICB then the data is acceptable.

1 1.7.5.2. If thle internal standard Counts in the field samples are more than ±30%
higher than the expected level, thle field samples must then be diluted
and reanalyzed.

1 1.8. Thie following analytical sequence must be used for Methods 6010B and 200.7:

I nstmncimet Calibration
ICV
ICB
CR1
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ICSA
ICSAB
7 samples
CCV
CCB
10 samples
CCV
CCB
Repeat sequence of up to 10 samples between CCV/CCB pairs as required to complete
run
CR1 (The CR1 counts as a sample analysis.)
CCV
CCB

Refer to Quality Control Section 9.0 and Table VII (Appendix A) for Method 6010B and
200.7 quality control criteria.

11 .9. Additional quality control analyses are necessary for analysis under the Contract Laboratory
Program (CLP). If these arc included then CLP, 601 0 and 200.7 samples can be included
in the same sequence. Refer to CORP-MT-0002NC for details.

II .10. Full method required QC must be available for each wavelength used in determining
reported analyte results.

I11.1I1. The following run sequence provides an illustration of a mid-run CCV or CCB failure and
the appropriate corrective action run sequence as described in Section 9.7:

Original Ru:Instrument Calibration

ICV

ICB

CR1

ICSA

ICSAB

7 samples

CCVI
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CCB I

10 samples

CCV2

CCB2

10 samples

CCV3 * *Failure occurs at CCV3/CCB3

CCB3 * **Samples requiring rerun for affectcd analytes

10 samnples *

CCV4

CCI34

10 samnples

CCVS

CCB 5

Reanalysis Rccalibrate

ICV

ICB

C RI

ICSA

ICSAB

CCV2

CCB32

[0 samples

CCV3
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CCB3

10 samples

CCV4

CCB4

Notes: Samples between CCV4 and CCVS do not require reanalysis as they were
bracketed by compliant QC samples.

See CORP-MT-0002NC for the appropriate reanalysis sequence if CLP
requirements must also be met.

11 .14 The instrument may be reprofiled between CCV/CCB pairs to correct for environment
induced drift.

II .1 5 Guidelines are provided in the appendices on procedures to minimize contamination of
samples and standards, preventive maintenance and troubleshooting.

11. 16 All measurements must fall within the defined linear range where spectral interference
correction factors are valid. Dilute and reanalyze all samples for required analytes that
exceed the linear range or use an altemnate wavelength for which QC data are established.

If an interelement correction exists for an analyte which exceeds the liear range, the IEC
may be inaccurately applied. Therefore, even if an overrange analyte may not be required

to be reported for a sample, if that analyte is a interferent for any requested analyte in that

sample, the sample must be diluted. Acid strength must be maintained in the dilution of

samples.

11.17 For TCLP samples, full four-point MSA will be required if all of the following conditions

are met:

1) recovery of the analyte in the matrix spike is not at least 50%,

2) the concentration of the analyte does not exceed the regulatory level, and,

3) the concentration of the analyte is within 20% of the regulatory level.

The reporting and regulatory limits for TCLP analyses as well as matrix spike levels are

detailed in Table VI (Appendix A). Appendix C provides guidance on performing MSA

analyses.

II 1. 18 Any variation in procedure shall be completely documented using instrument run logs,

maintenance logs, report narratives, a Nonconformance Memo, or an anomaly report and
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is approved by a Supervisor/Group Leader and QA Manager. If contractually required,
the client shall be notified by the Project Manager.

11 .19 Nonconformance documentation shall be filed in the project file.

11 .20 Any unauthorized deviations from this procedure must also be documented as a
nonconformance, with a cause and corrective action described.

11 .21I Analytical Documentation

11 .21 .1 Record all analytical information in the analytical logbook/logsheet which may be in
anl electronic format, including the analytical data from standards, blanks, LCSs,
MS/MSDs, and any corrective actions or modifications to the method.

I11.21 .2A11 standards are logged into a department standard logbook. All standards are
assigned anl unique number for identification. Logbooks are reviewed by the
suIpervisor' or designee.

1 1 .2 1 .3 Documnentation Such as all associated instmument printouts (Final inns, screens,
reruns, QC samples, etc.) and daily calibration data corresponding to all final runs
is available for each data file.

11.21A.Sarnple result]sand associated QC are entered into the LIN~s after final technical
review.

12 DATA ANALYSIS AND CALCULATIONS

1 2.1I. ICV percent recoveries are calculated according to the equation:

%1R = lOOK Foun~d(ICIV)"
K True( ICV))

12.2. CCV percent recovenies are calculated according to the equation:

%YR = I 0 Foutnd(CCV)'
True(CC V) )

12.3. Matrix Spike Recoveries are calculated according to the following equation:

%X R? = I 00( SSR - SRf
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Where:
SSR = Spike Sample Result
SR = Sample Result
SA = Spike Added

12.4. The relative percent difference (RPD) of matrix spike/matrix spike duplicates are
calculated according to the following equations:

RPD = 100[I MSD- MSI1
[MSD+ MSJ

Where:
MS = determined spiked samplc concentration
MSD = detennined matrix spike duplicatc concentration

12.5. The final conccntration for a digested aqueous sample is calculated as follows:

Cx VI xD
ing /L = ~

V2

Where:
C = Concentration (mg/L) from instrument readout
D = Instrument dilution factor
VI = Final volume in liters after sample preparation
V2 = Initial volumne of sample digested in liters

12.6. The final concentration determined in digested solid sampics when reported on a dry
weight basis is calculated as follows:

rng / Kg, dhy wreight =CxVxD
W< S

Where:
C - Concentration (mng/L) from instrument readout
D = hIstrument dilution factor
V = Final volume in liters after sample preparation
W = Weight in Kg of wet sample digested
S = Percent solids/100



INDUCTIVELY COUPLED PLASMA-ATOMIC EMISSION SOP No. CORP-MT-000 INC
SPECTROSCOPY, SPECTROMETRIC METHOD FOR TRACE Revision No. 3.4
ELEMENT ANALYSIS, METHOD 6010OB AND METHOD 200.7 Revision Date: 0 1/08/04

Page 24 of 54

Note: A Percent Solids determination must be performed on a separate aliquot when dry
weight concentrations are to be reported. If the results are to be reported on wet
weight basis the "5" factor should be omitted from the above equation.

12.7. The LCS percent recovery is calculated according to the following equation:

0/ R= 0(FoUn~d( LCSfl

12.8. Thle dilution test percent difference for each component is calculated as follows:

D~~l SI x- 0
%Di/frence __ 0

Where:
I Sample result (Instnument reading)
S =Dilution test result (Instrument reading x 5)

12.9. Appropriate fbetors must be applied to sample values if dilutions are peirfonned.

12.10. Sample results Should be reported with uip to three significant figures in accordance with the
STL North Canton significant figure policy.

12.1 1. Trivalenrt Chromlium1

12.11.1. Trivalent chromium (CR 3) is the result obtained by Subtracting the hexavalent
chromiumil (CR 1 ) results for a sample from the total chromium result from that sample. The
total chromium result is detenrined using the procedures iii this SOP. The hexavalent
chromium resultI is determined using the procedures in STL North Canton SOP NC-WC-
0024.

12.11.2. Reporting Limits

12.11I.2.1I. The STL North Canton water reporting limit for trivalent chromium is 0.02 mgIt.

12.11.2.2. The STL North Canton solid reporting limit for trivalenit chromium is 2.0 mng/kg, wet
weight.

12.11.3. Calculations: Cr' 1= Cr, total _ Cr+6

13. METHOD PERFORMANCE
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13.1. Each laboratory must have initial demonstration of performance data on file for each
analyte of interest as described in Section 9.0.

13.2. Refer to Tables I, 1A & II in Appendix A for the list of Method 601 OB and 200.7
analytes as well as additional analytes that may be analyzed using this SOP.

13.3. Method performance is determined by the analysis of MS and MSD samples as well as
method blanks and laboratory control samples. The MS or MSD recovery should fall
within +/- 25 % and the MS/M4SD should compare within 20% RPD or within the
laboratory's historical acceptance limits. These criteria apply to analyte concentrations
greater than or equal to IlOxIDL. Method blanks must meet the criteria specified in
Section 9.2. The laboratory control samples should recover within 20% of the true value
or within the laboratory's historical acceptance limits.

13.4. Training Qualification:

13.4.1. The group/team leader or the supervisor has the responsibility to ensure that this
procedure is performed by an associate who has been properly trained in its use
and has the required experience.

14. POLLUTION PREVENTION

14.2. This method does not contain any specific modifications that serve to minimize or prevent
pollution.

15. WASTE MANAGEMENT

15.1. This method does not contain any specific modifications that serve to minimize or prevent
pollution.

15.2. All waste will be disposed of in accordance with Federal, State and Local regulations.
Where reasonably feasible, technological changes have been implemented to minimize the
potential for pollution of the environment. Employees will abide by this method and the
policies in section 13 of the Corporate Safety Manual for "Waste Management and
Pollution Prevention."

15.3. Waste Streams Produced by this Method

15.3.1 The following waste streams are produced when this method is carried out:

15.3.2 Acid waste consisting of sample and rinse Solution - Any sample waste generated
must be collected and disposed of in the acid waste drum located in the metals lab.
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15.3.3 Standards should be purchased and prepared in volumes consistent with laboratory
use to minimize the volume of expired standards to be disposed.

16. REFERENCES

16.1. References

16.1.1. 40 CFR Part 136, Appendix 8, 7-5-95, Determination of Method Detection
Limits.

16.1.2. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846,
3rd Edition, Final Update III, Revision 2, December 1996. Method 60 lOB1.

16.1.3. Detennination of Metals and Trace Elements in Water and Wastes by Inductively
Coupled Plasmna-Atomnic Emission Spectrometry, Revision 4.4, May 1994.
Method 200,7.

16.1I.4. Indu1ctively Coupled Plasma - Atomic Emission Spectrometric Method for Trace
Element Analysis of water and wastes Method 200.7, 40 CFR - Chapter 1 -Part
136 - Appendix C. Electronic version dated September 30, 2002.

16.1.5. CORP-MT-0002NC, Inductively Coupled Plasma-Atomic Emission
Spcctroscopy, Method 200.7 & CLP-M, SOW ILMO3.0 and ILMO4.0).

16.1.6. Corporate Quality Management Plan (QMP), current version

16.1.7. STL Laboratory Quality Manual (LQM), Current version.

16.2. Associated SOPs and Policies, latest version

16.2.1. QA-003, STL North Canton QC Program.

16.2.2. Glassware Washing, NC-QA-00 14

16.2.3. Statistical Evaluation of Data and Development of Control Charts, NC-QA-00l18

16.2.4. Method Detection Limits and Instrument Detection Limits, NC-QA-0021I

16.2.5. Navy/Arimy SO P, NC-QA-00 1 6

16.2.6. QA-004, Round1(ing arid Significant Figures.
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16.2.7. NC-WC-0024, Hexavalent Chromium (Colorimetrie)

16.2.8. CORP-IP-0002NC, Acid Digestion of Soils, SW846 Method 3050B

16.2.9. CORP-IP-OOO3NC, Acid Digestion of Aqueous Samples by SW846 and
MCAWW 200 Series Methods

17. MISCELLANEOUS (TABLES, APPENDICES, ETC.)

17. 1. Modifications/Interpretations from reference method

17. 1 .1. Modifications/interpretations from both Methods 60 1 OB3 and 200.7.

1 7.1 .1 .1. STL North Canton laboratories use mnixed calibration standard
solutions purchased from approved vendors instead of using individual
mixes prepared in house as recommended by the subject methods.

17.1.1.2. Methods 200.7 and 6010B state that if the correction routine is
operating properly, the determined apparent analyte(s) concentration
from analysis of each interference solution should fall within a specific
concentration range around the calibration blank. In determining LECs,
because of lack of definition clarification for "concentration range
around the calibration blank," STL North Canton has adopted the
procedure in EPA CLP ILMO4.0.

17.1.1.3. Section 8.5 of Method 6010OB and Section 9.5 of Method 200.7
recommend that whenever a new or unusual matrix is encountered, a
series of tests be performed prior to reporting concentration data for
that analyte. The dilution test helps determine if a chemical or physical
interference exists. Because STL North Canton laboratories receive no
prior information from clients regarding when to expect a new or
unusual matrix, STL North Canton may select to perform a dilution test
on one sample in each prep batch. According to the method, the post
digestion spike (PDS) determines any potential matrix interferences. At
STL North Canton, matrix interference is determined by evaluating data
for the LCS and MS/MSD. STL North Canton REQUIRES
documented, clear guidance when a new or unusual matrix will be
received for a project and a request to perform the dilution test or PDS
on a client-identified sample.
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17.1.2. Modifications from Method 200.7.

17.1.2.1. Method 200.7 defines the IDL as the concentration equivalent to a
signal, due to the analyte, which is equal to three times the standard
deviation of a series of ten replicate measurements of the calibration
blank signal at the same wavelength. STL North Canton labs utilize the
IDL definition as defined in Section 9.1 of this SOP.

17.1.2.2. The calibration blank is prepared in an acid matrix of 5% HNO 3/5%
HCI instead of the specified 2% HNO3/l0% HCI matrix as the former
matrix provides for improved performance relative to the wide variety
of digestate acid matrices which result from the various EPA
preparation protocols applied.

17.1.2.3. Method section 9.3.4 specifies that "Analysis of the IPC (ICSA/AB)
solution immediately following calibration must verify that the instrument
is within ± 5% of calibration with a relative standard deviation <3%
from replicate integrations Ž 4." STL North Canton uses a minimum of
two cxposures.

17.1.2.4. The 40 CFR version of Method 200.7 requires the instrument check
standard to agree within ± 5% of expected values. Also, the 40 CER
version requires thre interference check sample to be analyzed at the
beginning, end, and at periodic intervals throughout thle Sample runil. At
STL North Canton, the instrument check standard equals the CCV,
which Must agree within ± 1 0% of expected values, and thle ICSA
standards are analyzed only at thre beginning of a sample nun. STL's
procedures are in line with the Rev. 4.4, May 1994 version of Method
200.7.

17.1.2.5. Section 7.12 of 200.7 indicates that the QCS ([CV) should be
prepared at a concentration near I ppm. The ICV specified in this
SOP accommodates the I ppm criteria for the majority of analytes.
For the remaining analytes, this SOP specilies [CV concentrations
which are appropriate to the range of calibration. The intent of thle
ICy, verification of calibration standard accuracy, is independent of the
ICV concentration used.

17.1.2.6. Thre ICS criteria applied by this SOP diffier from those stated in thle
method. Method 200.7 section 10.4 states that results should fall within
the established control limits of 3 times the standard deviation of the
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calibration blank for that analyte. The control limits listed in this SOP
are those applicable to the EPA designed solution.

17.1.2.7. Method 200.7 section 9.3.4 states the CCB should be less than the
IDL, but > the lower 3-sigma control limit of the calibration blank. The
intent of this requirement is to ensure that the calibration is not drifting at
the low end. STL North Canton has adopted an absolute control limit
of +/- RL from zero for calibration blank criteria. SOP section 9.7
provides the detailed corrective action criteria that must be followed.

17.1.3. Modifications from Method 60108.

17.1.3.1. Chapter I of SW-846 states that the method blank should not contain
any analyte of interest at or above the MIDL. This SOP states that the
method blank must not contain any analyte of interest at or above the
reporting limit. Common lab contaminants are allowed up to two times
the reporting limit in the blank following consultation with the client.

17.1.3.2. Method 60 108 section 8.6.1.3 states that the results of the calibration
blank are to agree within 3x the IDL. If not, repeat the analysis two or
more times and aver-age the results. If the average is not within three
standard deviations of the background mean, terminate the analysis,
correct the problem, recal ibrate, and reanalyze the previous 10
samples. The intent of this requirement is to ensure that the calibration
is not drifting at the low end. STL North Canton has adopted an
absolute control limit of +/- RL from zero for calibration blank criteria.
See SOP Section 9.7 for a detailed description of the required
corrective action procedures.
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TABLE I. Method 200.7 and 6010B Target Analyte List

ELEMENT Symbol CAS # 6010B 200.7 Reporting Limit Reporting Limnit
analyte analyte (ug/L) Water (mg/kg) Soil

Aluminum Al 7429-90-5 X X 200 20

Antimony Sb 7440-36-0 X X 60 6

Arsenic As 7440-38-2 X X 300 3 0

Barium Ba 7440-39-3 N N 200 20

Beryllium Be 7440-41-7 X N 5.0 0.5

Boron B 7440-42-8 X N 200 20

Cadmium Cd 7440-43-9 N x 5.0 0.5

Calcium Ca 7440-70-2 X X 5000 500
Chromium Cr 7440-47-3 X N 10 1

Cobalt co 7440-48-4 X N 50 5

Copper Cu 7440-50-8 X X 25 2.5

Iron Fe 7439-89-6 X X 100 10

Lead Pb 7439-92-1 N N 100 10
Magnesium Mg 7439-95-4 N N 5000 500
Manganese Mn 7439-96-5 X N 15 1.5

Molybdenum MO 7439-98-7 N N 40 4
Nickel Ni 7440-02-0 N N 40 4

Potassium K 7440-09-7 N N 5000 500

Selenium Se 7782-49-2 N N 250 25

Silver Ag 7440-22-4 N N 10 1

Sodium Na 7440-23-5 N 5000 500

Thallium TI 7440-28-0 N X 20 0

-Vanadium V 7440-62-2 X N 0
Zinc Zn 7440-66-6 N N 20 2
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TABLE IA. Method 200.7 and 601lOB Trace ICP Target Analyte List

Reporting Limit Reporting Limit
ELEMENT Symbol CAS # (ugiL) Water (mg/kg) Soil

Arsenic As 7440-38-2 1 0 1.0
Lead Pb 7439-92-1 3.0 0.3

SeleniUm Se 7782-49-2 5.0 0.5
Thalliumi TI 7440-28-0 1 0 1.0

Antimony Sb 7440-36-0 tO0 1.0
Cadmiumn Cd 7440-43-9 2.0 0.2

Silver Ag 7440-22-4 5.0 0.5
Chromium~l Cr 7440-47-3 5.0 0.5

TABLE IL. Non-Routine Analyte List

Reporting Lim it Reporting Limit
ELEMENT Symbol CAS # (Llg/L) Water (mg/kg) Soil

Tin Sni 7440-3 1-5 100 10
Titanium Ti 7440-32-6 50 5
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TABLE III. Matrix Spike and Aqueous Laboratory Control Sample Levels

ELEMENT LCS Level (ug/L) Matrix Spike Level (ug/L)
Alumiunu 2000 2000
Antimony 500 500
Arsenic 2000 2000
Barium 2000 2000

Beryllium 50 50

Cadmium 50 50
Calcium 50000 50000

Chromium 200 200
Cobalt 500 500
Copper 250 250

Iron 1000 1000
Lead 500 500

Magnesium 50000 50000
Manganese 500 500

Molybdenum 1000 1000
Nickel 500 500

Potassium 50000 50000
Selenium 2000 2000

Silver 50 50
Sodium 50000 50000
Thallumn 2000 2000

Vanadium 500 500
Zinc 500 500

Boron 1000 1000
Tin 2000 2000

Titanium 1000 1000
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TABLE IV. ICP Calibration and Calibration Verification Standards

Element Calibration Level RL (ug/L) ICV (ug/L) CCV (ugIL)
Aluminum 100000 200 25000 50000
Antimony 10000 60 1000 5000
Arsenic 10000 300 1000 5000
Banumr 10000 200 1000 5000

BeiylliLU1 10000 5 1000 5000
Cadmium 10000 5 1000 5000
Calciumi 100000 5000 25000 50000

Chromium 10000 I10 1000 5000
Cobalt 10000 50 1000 5000
Copper 10000 25 1000 5000

Iron 100000 100 25000 50000
Lead 10000 100 1000 5000

MagneSiLum1 100000 5000 25000 50000
Manganese 10000 IS5 1000 5000

Molybdenum11 10000 40 1000 5000
Nickel 10000 40 1000 5000

PotaSSiuml 100000 5000 25000 50000
Sele~nium1 10000 250 1000 5000

Silver 2000 1 0 500 1000
Sodium11 100000 5000 25000 50000

Thlalliuml 20000 2000 5000 10000
Vanadium 10000 50 1000 SOOO

Zinc 10000 20 1000 5000
Boron 10000 200 1000 5000

Tin 10000 100 1000 5000
Titaium 10000 50 1000 5000
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TABLE IVA. Trace ICP Calibration and Calibration Verification Standards

Element Calibration Level RL (ug/L) ICV (ug/L) CCV (ug/L)
Alurminu 50000 200 12500 25000
Antimony 1000 1 0 250 500
Arsenic 1000 1 0 250 500

Barium 4000 1 0 1000 2000
Beryfliun 4000 5 1000 2000
Cadmium 1000 2 250 500
Calcium 100000 5000 25000 50000
Chromium 4000 5 1000 2000
Cobalt 4000 50 1000 2000

Copper 4000 25 1000 2000
Iron 50000 100 12500 25000
Lead 1000 3 250 500

Magnesium 100000 5000 25000 50000

Manganese 4000 1 5 1000 2000
Molybdenum 4000 40 1000 2000

Nickel 4000 40 1000 2000
Potassium 100000 5000 25000 50000
Selenium 1000 5 250 500
Silver 2000 5 500 1000
Sodium 100000 5000 25000 50000
Thallium 2000 10 500 1000

Vanadium 4000 50 1000 2000
zinc 4000 20 1000 2000
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TABLE V. Interference Check Sample Concentrations*

Element ICSA (ug/L) ICSAB (ug/L)
Alumninumn 500000 500000
Antimony ___________1000

Arsenic _______ __ 1000

Barium _ _ _ _ _ _ _ 500

Betyllium __________500

Cadmium ___________1000

Calcium 500000 500000
Chromium ___________500

Cobalt __ _ _ _ _ _ _ _ _500

Copper __ _ __ _ _ __ _ _500

Iron 200000 200000
Lead __ _ _ _ _ _ _ _1000

Magnesium 500000 500000
Manganese ___________500

Molybdenum _____ ____ 1000

Nickel 1000
Potassium 10000
Seleniuni- 1000

Silver __ _ __ _ _ __ _ _1000

Sodium ___________10000

Thallium __ _ _ __ _ _ __ _ 0000**

Vanadium 500
Zinc 1000
Tin 1000

Boron __ _ _ _ _ _ _ _1000

Titanium ______ ___ 1000

*CuIstm1 STL North Canton solutions contain analytes common to all STL North Canton facilities. Non-
routine elements not listed above should be spiked into the ICSAB at 1000 Ug/L.

**Thalliumi level for Tr-ace ICP Should be at I1000 ug/L.
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TABLE VI. TCLP Reporting Limits, Regulatory Limits and Matrix Spike Levels

Reporting Level Regulatory Limit (ug/L)

ELEMENT (ug/L) Spike Level (ug/L)
Arsenic 500 5000 5000
Barium 10000 100000 50000

Cadmium 100 1000 1000
Chromium 500 5000 5000

Lead 500 5000 5000

Selenium 250 1000 1000
Silver 500 5000 1000
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TABLE VII. Summary Of Quality Control Requirements

ACCEPTANCE CORRECTIVE
QC PARAMETER FREQUENCYV* CRITERIA ACTION
Two-point Initial Beginning of every Terminate analysis;
Calibration analytical run, every Correct the problem;

24 hours, whenever Prepare new standards;
instrument is Recalibrate following
modified, or CCV system performance.
criterion is not met

ICV Beginning of every Method 200.7: Terminate analysis;
analytical rtin. 95 - 105 % recovery. Correct the problem;

RSD dupl. exp < 3% Recalibrate.

Method 60 l OB:
90 - I1I0 % recovery.

____ ____ ___ ____ ____ ___ ____ ___ RSD dupl._exp _< 5% _ _ _ _ _ _ _ _ _ _

ICB Beginning of every The result must be within Tenninate analysis;
analytical run, /-RL from zero. Correct the problem;
inmiediately following Recalibrate.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ thle IC y . _ _ _ _ _ _ _ _ _ _ _

CCV Eivery 10 samples and Method 200.7 & Termninate analysis;
at the end of tlh run. 60108: Correct the problem;

Recalibrate and rerun all
90 - 1I0 0 %recovery, samples not bracketed

_________________RSD dupl. exp < 5% by acceptable CCV.
CCB Immediately following The result must be within Terminate analysis;

each CCV. ± RL from zero. Correct the problem;
Recalibrate and rerun all
samples not bracketed

____ ___ ____ ___ ___ by acceptable CCB.
CRI Beginning ofcevery 50-150% recovery Evaluate associated

run (advisory) samples.
ICSA Beginning ofcevery See Section 9.8.3

1 ~~~~run See Section 9.8.3 1
ICSAB Immediately following Results must be within See Section 9.8.2.

______ ______ _____ each ICSA. 80 - 120% recovery _ _ _ _ _ _ _ _ _ _

*See Sections I11.1I0 and I11. 13 for exact run sequence to be followed.
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TABLE VII. Sumnmar of Quality Control Reuirements (Continued) __________

ACCEPTANCE CORRECTIVE
QC PARAMLETER FREQUENCY CRITERIA ACTION

Dilution Test One per prep batch. For samples > 50x IDL, Narrate the possibility of
dilutions must agree within physical or chemical
10%. interference per client

____ ____ ____ ____ ____ ____ request.

Method Blank One per sample The result must be less than Redigest and reanalyze
preparation batch of or equal to the RL. samples.
up to 20 samples.

Common lab contaminants Note exceptionis under
may be accepted up to 2x criteria section.
the RL (See 9.2).

See Section 9.2 for
Sample results greater than additional requirements.
20x the blank concentration
are acceptable.

Samples for which the
contaminant is < RL may not
require redigestion or
reanalysis (see Section 9.2).

Laboratory Control One per sample Aqueous LCS must be within Terminate analysis;

Sample (LCS) preparation batch of 80 - 120% recovery or in- Correct the problem;
up to 20 samples. house control limits. Redigest and reanalyze

all samples associated
with the LCS.

Samples for which the
contaminant is < RL and the
LCS results are > 120% may
not require redigestion or

____ ____ ___ ____ ___ ____ ____ ___ ____ ___ reanalysis (see Section 9.3)
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TABLE VII. Summary of Quality Control Requirements (Continued)

ACCEPTANCE CORRECTIVE
QC PARAMETER FREQUENCY CRITERIA ACTION
Matrix Spike One per sample 75 - 125 % recovery or in- In the absence of client

preparation batch of house control limits. For specific requirements,
tip to 20 samples. TCLP See Section 11.1 7. flag the data; no flag

required if the sample
level is > 4x the spike
added. For TCLP see
Section 11.17.

Matrix Spike See Matrix Spike 75 - 125 % recovery; RPD See Corrective Action
Duplicate __________ 20% . for Matrix Spike.
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APPENDIX B

CROSS REFERENCE OF TERMS USED IN METHODS 6010OB, 200.7, AND BY STL NORTH
CANTON
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CROSS REFERENCE OF TERMS COMMONLY USED IN
METHODS EPA 200.7, SW601IOB, AND STL NORTH CANTON INC. SOP

EPA 200.7 SW6010B STL North Canton Inc. SOP

Calibration blank (CB) Calibration blank Initial and continuing calibration blanks
(ICB/CCB)

Dilution test Dilution test Dilution Test

Instrument detection limit (DID,) Instrument detection limit (IDL) Instrument detection limit (IDL)

Instrument performance check (IPC) Continuing calibration verification Continuing calibration verification
(CCV) (CCV)

Internal standard Internal standard Internal standard (IS)

Laboratory (Inplicat es n /a n/a

Laboratory fortified blank ([LFi) n/a Laboratory control sample ([,CS)

Laboratory fortified sa nple matrix NIatrixi spike a rd matrix spike Matrix spike and matrix spike duplicate
([FM)n duplicate (MS/ISI)) (MS/MSD)

Laboratory reagent Lblank (LRB) Method blank Method or Prep blank (NlIB)

Li!near dynamic range ([LDR) [inea r dlynamic range (LIBlt) Linear dynamic range ([DR)1

Method detectioii limit (NI DI)) Method detection limit (MI)L) Method detection limit (MDL)

Quality control sample (QCS) Check standard or Initial calibration Initial calibration verification (ICY)
verification (ICY)

Spectral interference check solution I nterference check solution ([CS) Interference check solution
(SIC) (I CSA/I CSA B)



INDUCTIVELY COUPLED PLASMA-ATOMIC EMISSION SOP No. CORP-MT-OOO1NC
SPECTROSCOPY, SPECTROMETRIC METHOD FOR TRACE Revision No. 3.4
ELEMENT ANALYSIS, METHOD 601l0B AND METHOD 200.7 Revision Date: 0 1/08/04
APPENDIX C- MISA GUIDANCE Page 43 of 54

APPENDIX C

MISA GUIDANCE
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Appendix C. MSA Guidance

Method of Standard Addition

Four equal volume aliquots of sample are measured and known amounts of standards are added to three
aliquots. The fourth aliquot is the unknown and no standard is added to it. The concentration of standard
added to thle first aliquot should be 50% of the expected concentration. The concentration of standard
added to the second aliquot should be I100% of the expected concentration and the concentration of
standard added to the third aliquot should be 150% of the expected concentration. The Volume Of thle
unspiked and spiked standard should be the same.

In order to dueterine the concentration of analyte in the sample, the analytical value of each solution is
determined and a plot or linear regression performed. On the vertical axis the analytical value is plotted
versus the concentrations of the standards onl the horizontal axis. An example plot is shown in Figure 1.
When thle resulting line is extrapolated back to zero absorbance, the point of interception of the horizontal

axis is the

concentration of the
unknown.

A bso rbaniicc

Concentration

Conec of Addn 0 Addii I Addn 2 Addri 3
Sample No Addil Addu of 50% Addii of 00%, Addn of 150%

of Expected of Expected of Expected
I -.. . A .

For the method of standard additions to be correctly applied, the following limitations must be taken into
consideration:

''lhe plot of the samiple and stanidardcs mu~st belinear over thieconcenitration range ofconeern. For best
results, thle Slope of the Curve Should be similar to that of a plot of the aqueous standard curve.
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o The effect of the interference should not vary as the ratio of the standard added to the sample matrix
changes.
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APPENDIX D

TROUBLESHOOTING GUIDE
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APPENDIX D. TROUBLESHOOTING GUIDE

Problem Possible Cause! Solution

High Blanks Increase rinse time
Clean or replace tip
Clean or replace torch
Clean or replace sample tubing
Clean or replace nebulizer
Clean or replace mixing chamber
Lower Torch

Instrument Drift RE not cooling properly
Vacuum level is too low
Replace torch (Crack)
Clean or replace nebulizer (blockage)
Check room temperature (changing)
Replace pump tubing
Room humidity too high
Clean torch tip (salt buildup)
Check for argon leaks
Adjust sample carrier gas
Reprofile Horizontal Mirror

____ ___ ___ ___ ___ ___ ___ ___ Replace PA tube

Erratic Readings, Check for argon leaks
Flickering Torch or Adjust sample carrier gas
High RSD Replace tubing (clogged)

Check drainage(back pressure changing)
Increase uptake time (too shodt)
Increase flush time (too shodt)
Clean nebulizer, torch or spray chamber
Increase sample volume introduced
Check that autosampler tubes are full
Sample or dilution of sample not mixed
Increase integration time (too short)
Realign torch
Reduce amount of tubing connectors

Cu/Mn Ratio Outside Limits or Plasma conditions changed
Low Sensitivity Clean nebulizer, torch or spray chamber

Replace tubing (clogged)
Realign torch

____ ___ ____ ___ ____ ___ Check IECs

Standards reading twice normal Incorrect standard used

absorbance or concentration I~ncorrect dilution performed
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APPENDIX E

CON'rAMINATION CONTROL GUIDELINES
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APPENDIX E. CONTAMINATION CONTROL GUIDELINES

The following procedures are strongly recommended to prevent contamination:

All work areas used to prepare standards and spikes should be cleaned before and after

each use.

All glassware should be washed with detergent and tap water and rinsed with 1:1I nitric acid

followed by deionized water.

Proper laboratory housekeeping is essential in the reduction of contamination in the metals

laboratory. All work areas must be kept scrupulously clean.

Powdered or Latex Gloves must not be used in the metals laboratory since the powder

contains silica and zinc as well as other metallic analytes. Only vinyl or nitrile gloves should

be used in the metals laboratory.

Glassware should be periodically checked for cracks and etches and discarded if found.

Etched glassware can cause cross contamination of any metallic analytes.

Autosampler trays should be covered to reduce the possibility of contamination. Trace

levels of elements being analyzed in the samples can be easily contaminated by dust particles

in the laboratory.

The following are helpful hints in the identification of the source of contaminants:

Yellow pipet tips and volumetric caps can sometimes contain cadmium.

Some sample cups have been found to contain lead.

The markings on glass beakers have been found to contain lead. If acid baths are in use for

glassware cleaning, they should be periodically checked for contaminants since contaminant

concentrations will increase over time.

New glassware especially beakers can be a source of silica and boron.

Reagents or standards can contain contaminants or be contaminated with the improper use

of a pipette.

Improper cleaning of glassware can cause contamination.

Latex gloves contain over 500 ppb of zinc.
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APPENDIX F

PREVENTIVE MAINTENANCE
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APPENDIX F. PREVENTIVE MAINTENANCE

A maintenance log is used to record when maintenance is performed on instruments. When an instrument

problem occurs indicate the date, time and instrument number, then identify the problem and corrective

action in the maintenance log.

The following procedures are required to ensure that that the instrument is fully operational.

Daily Change sample pumnp tubing and pumnp windings
Check argon gas supply level
Check rinse solution and fill if needed

Check waste containers and empty if needed

Check sample capillary tubing is clean and in good condition

Check droplet size to vcrify nebulizer is not clogged.

Check sample flow for cross flow nebulizer

Cheek Cu/Mn ratio-should be 30% of value at date that IECs xvere performed

Check pressure for vacuum systems

As Needed Clean plasma torch assembly to remove accumulated deposits
Clean nebulizer and drain chamber; keep free-flowing to maintain optimum perfonnance

Replace peristaltic pump tubing, sample capillary tubing and autosampler sipper probe

Weekly Apply silicon spray on autosampler tracks
Check water level in cooltlow

Monthly Clean air filters on back of power unit to remove dust

Cheek D mirror for air instruments

Bi-yearly Change oil for vacuum systems
Replace coolant water filter (may require more or less frequently depending on quality of

cooling water)
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APPENDIX G

ICP OPERATING INSTRUCTIONS
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ICP Analysis (TJA 61E)

(Example)

1. SETUP

a. Plasma Control Panel (enter)

b. (F 1)-Startup

c. (P9)-Continue

d. (P2)-Levels

I .Change auxiliary gas to low - use space bar to toggle

2 .Change nebulizer gas flow to 0.5 L/min.

3 .Change pump rate to 130

4. Esc

5. Allow instrument to warm up approximately 30 minutes.

2. DEVELOPMENT

a. Methods (enter)

b. Enter method name

c. (P3)-Method Info.

d. Change file name

e. (P9)-Done

f (P9)-Done/Keep
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18. OPERATION

a. Analysis (en~ter)

b. (F5)-Profilc

I .(F3)-Automatic

2. (Fl)-Run

3. If peak position is greater than +/- .05 units from the center peak position, you must adjust the
profile. If it is within +/- .05 units, press (F9)-done.

4. To adjust select (F I)-CalcSS and enter Current vernier position. (enter)

5. Adjust to new vernier position(F9)-done

6. Rerun profile until peak position is +/- .05 units.

7. (F79)-Done

c. Aulosampler (F9)

1.Enter method name (enter)

2. Enter autosamnpler table namne (enter)

3. (FI)-Run
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SCOPE AND APPLICATION

I .1. This procedure describes the preparation of soil samples for the analysis of certain metals by

Graphite Furnace Atomic Absorption (GFAA), Flame Atomic Absorption (FLAA),

Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP), and Inductively Coupled
Plasma-Mass Spectrometry (ICP/MS) as specified in SW846 Method 30508.

1 .2. Samples prepared by the protocols detailed in this SOP may be analyzed by lCP, ICP/MS,
FLAA or GFAA for the elements listed in Table I (Appendix A). Other elements and

matrices may be analyzed following digestion by these protocols provided that the method

performance criteria specified in Section 13.0 of this SOP are met.

1.3. This method is not a total digestion, but will dissolve almost all metals that could become

"environmentally available". By design, metals bound in silicate structures are not dissolved

by this procedure, as they are not usually mobile in the environment. This SOP can be

applied to metals in solids, sludges, wastes and sediments.

1.4. This document accurately reflects current laboratory standard operating procedures (SOP)

as of the date above. All facility SOPs are maintained and updated as necessary.

2 . SUMMARY OF METHOD

A representative I gram (wet weight) portion of sample is digested in nitric acid and

hydrogen peroxide. The digestate is refluxed with hydrochloric acid for ICP or FLAA

analysis. The digestates are then filtered and diluted to 1 00 mL/lI00 g.

3 . DEFINITIONS

3.1. Refer to the glossary in the Labomatoiy Quality Manual (LQM), latest version.

3.2. Total Metals: The concentration determined on an unfiltered sample following digestion.

Note that this method is designed to determine the total environmentallyv available metals.

4. INTERFERENCES

4.1. There are numerous routes by which samples may become contaminated. Potential sources

of trace metals contamination include: metallic or metal-containing labwarc (e.g., tale gloves

which contain high levels of zinc), containers, impure reagents, dirty glassware, improper
sample transfers, dirty work areas, atmospheric inputs such as dirt and dUSt, etc- Be aware

of potential sources of contamination and take appropriate measures to minimize or avoid
them.
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4.2. The entire work area, including the bench top and fume hood, should be thoroughly cleaned
on a routine schedule in ordcr to minimize the potential for environmental contamination.

4.3. Boron and silica from the glassware will grow into the sample solution during and following
sample processing. For critical low level determinations of boron and silica, only quartz
and/or plastic labware should be used.

4.4. Physical interference effects may contribute to inaccuracies in the determinations of trace
elements. Oils, solvents and other matrices may not be digested using these methods if they
are not soluble with acids. If physical interferences are present, they should be documented.

4.5. Visual interferences or anomalies (Such as foaming, emulsions, precipitates, etc.) must be
documented.

4.6. Allowing samples to boil or go dry during digestion may result in the loss of volatile metals. If
this occurs the sample must be reprepared. Antimony is easily lost by volatilization fromn
hydrochloric media.

4.7. Specific analytical interferences arc discussed in each of the determinative methods.

5. SAFETY

5.1. Procedures shall be cartied out in a manner that protects the health and safety of all STL
North Canton associates.

5.2. Eye protection that protects against splaish, laboratory coat, and appropriate gloves must be
worn while samples, standards, solvents, and reagents are being handled. Disposable gloves
that have been contaminated will be removed and discarded; other gloves will be cleaned
immediately

5.3. The health and safety hazards of'nianly of the chemicals used in this procedure have not been
fully defined. Additional health and safety informiation can be obtained from the Material
Safety Data Sheets (MSDS) maintained in the laborntory. The following specific hazards are
known:
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5.3.1. The following materials are known to becorrosive:

Hydrochloric acid and nitric acid.

5.3.2. The following materials are known to be oxidizing agents:

Nitric acid and hydrogen peroxide.

5.3.3. All heating of samples must be carried out in a fuime hood.

5.4. The acidification of samples containing reactive materials may result in the release of toxic

gases, such as cyanides or sulfides. Acidification of samples should be done in a fume hood.

The analyst should also be aware of the potential for a vigorous reaction.

5.5. Exposure to chemicals must be maintained as low as reasonably achievable. Therefore,

unless they are known to be non-hazardous, all samples should be opened, transferred and

prepared in a fume hood, or under other means of mechanical ventilation. Solvent and

waste containers will be kept closed unless transfers are being made.

5.6. The preparation of standards and reagents will be conducted in a fume hood with the sash

closed as far as the operation will pennit or under other means of mechanical ventilation.

5.7. All work must be stopped in the event of a known or potential compromise to the health and

safety of a STL North Canton associate. The situation must be reported immediately to a

laboratory Supervisor.

5.8. Always cariy bulk concentrated acid bottles in appropriate impact proof containers.

5.9. Acid/peroxide spills must be neutralized immediately, flushed with water and cleaned up

using appropriate spill kits.

5.10. Discard chipped or broken beakers to prevent injury. Chipped glassware may be fire
polished as an alternative to disposal.

5.1 1. Any and all accidents and spills must be reported to the lab supervisor or EH&S

coordinator.

6. EQUIPMENT AND SUPPLIES

6.1. Hot plate, digestion block, steam bath or other heating source capable of maintaining a

temperature of 90-990 C.
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6.2. Calibrated thermometer that covers a temperature range of 0-2000 C.

6.3. Griffin beakers of assorted sizes or equivalent.

6.4. Vapor recovery device (Watch glasses, ribbed or other device).

6.5. Whatnman No. 41 filter paper or equivalent.

6.6. Funnels or equivalent filtration apparatus.

6.7. Centrifugation equipment (if desired method of removing particulates is centrifugation).

6.8. Graduated cylinder or equivalent capable of measuring 100 mL within 3% accuracy.

6.9. Analytical balance capable of accurately weighing to the nearest 0.01 grams.

6.10. Repippetors or suitable reagent dispensers.

6.11I. Calibrated aultOmatic pipettes with corresponding pipette tips or Class A glass volumectric
pipettes.

6.12. Class A voIlumetric flasks.

6. 13. p1.1 indicator strips (pH- range 0 - 6).

6.14. Plastic bottles.

7. REAGENTS AND STANDARDS

7.1I. Reagent water must be produced by a Millipore DI system or equivalent. Reagent water
must be free of the analytes of interest as demonstrated through the analysis of method
blanks as defined in the detenninative SOPs.

7.2. Laboratory Control Sample (LCS) and matrix spike (MS) Solutions are purchased as
custom STL North Canton solutions. All standards must be stored in FEP fluorocarbon or
previously unused polyethylene or polypropylene bottles. Stock standard solutions must be
replaced prior to the expiration date provided by the manufacturer. Ifrno expiration date is
provided, the stock Solutions may be used for tip to one year and must be replaced sooner if
verification from an independent source indicates a problem.
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7.3. Working ICP LCS/M4S spike solution: Prepare the ICP LCS/MIS working spike solutions
from custom stock standards to the final concentration listed in Table HI. The working spike
must be prepared in a matrix of 5% HNO3. This acid (5 mL of concentrated HIN0 3 per
100 mL) must be added to the volumetric flask before the addition of the stock standard
aliquot. The working ICP LCS solution must be made fresh every three months.

7.4. Working GFAA LCS/MS spike solution: Prepare the GFAA working LCS/MS spike
solutions by diluting the custom stock solution (7.2) 200x. The working spike solution must
be prepared in a matrix of 5% H-NO3. This acid (5 mL of concentrated HN0 3 per 1 00 mnL)
must be added to the volumetric flask before the addition of the stock standard aliquot. The
working GFAA LCS/MS solution must be made fresh every three months.

7.5. The LCS and MS samples must contain all the elements designated for analysis in each batch
of samples. If a non-routine element is required that is not contained in the custom STL
North Canton solution, the individual facility must purchase a solution from the designated
vendor that will cover the additional analyte(s) of interest and provide for a final spike
concentration that is appropriate to the determinative method.

7.6. Aqueous laboratory control samples (LCSW) and matrix spike samples are prepared as
described in Sections 9.5 and 9.6. Refer to Tables 1I through IV (Appendix A) for details
regarding the stock, working standard and final digestate spike concentrations for ICP and
GFAA LCS and matrix spike preparations.

7.7. Nitric acid (1-N03) concentrated, trace metal grade or better.

7.8. Nitric acid, 1:1I - dilute concentrated HN0 3 with an equal volume of reagent water.

Note: When preparing diluted acids always add acid to water. If the water is added to the
acid a violent reaction may occur.

7.9. Hydrochloric acid (HCI), concentrated, trace metal grade or better.

7.10. Hydrochloric acid, 1:1I - dilute concentrated HCI with an equal volume of reagent water.

Note: When preparing diluted acids alway add acid to water. If the water is added to the
acid a violent reaction may occur.

7.11. 30% Hydrogen peroxide (H202), reagent grade.
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8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1. Sample holding time for metals included under the scope of this SOP is 180 days from the
date of collection to the date of analysis.

8.2. Soil samples do not require preservation but must be stored at 4 OC ± 2 OC until the time of
analysis.

9. QUALITY CONTROL

Table V (Appendix A) provides a summary of quality control requirements including type,
frequency, acceptance criteria and corrective action.

9.1. Initial Demonstration of Capability

Prior to analysis of any analyte using Method 3050B the following requirements must be met.

9.1.1. Method Detection Limit (MDL) - An MDL must be deterniined for each
dnalyte/matrix prior to the analysis of any samples. The MDL is determined using
seven replicates of reagent water, spiked with all the analytes of interest, that have
becn carried through the entire analytical procedure. MDLs must be redetrmiined
on an annual basis in accordance with 40 CFR Padt 136 Appendix B requirements
or verified as detailed in STL North Canton QA Policy QA-005. The spike level
must be betweeni the calculated MDL and l OX the MDL to be valid. The result of
the MDL determination must be below the STL North Canton reporting limit.

9.1I.2. Initial Demonstration Study- this requires the analysis of four QC check samples.
The QC check sample is a well characterized laboratory generated sample used to
monitor method perlfonnance, which should contain all the analytes of interest. The
results of the initial demonstration Study must be acceptable before analysis of
samples may begin. The results Of the initial demonstration study may be used to
extend a method for the analysis of other elements provided all acceptance criteria
are met.

9.1.2.1. Four aliquots offthe check sample (LCS) arc prepared and analyzed using
the procedures detailed in this SOP and the determinative SOPs.

9.1I.2.2. Calculations and acceptance criteria for QC cheek samples are given in the
determuinative SOPs (CORP-MT-O0001, CORP-MT-0003).
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9.2. Preparation Batch - A group of up to 20 samples that are of the same matrix and are

processed together using the same procedures and reagents. The preparation batch must

contain a method blank, a LCS and a matrix spike/matrix spike duplicate. In some cases, at

client request, it may be appropriate to process a matrix spike and sample duplicate in place

of the MS/MSD. If clients specify' specific samples for MS/MSD, the batch may contain

multiple MS/MSD pairs.

9.3. Sample Count - Laboratory generated QC samples (method blanks, LCS, MS/MSD) are

not counted towards the maximum 20 samples in a batch. Field QC samples are included in

the batch count.

9.4. Method Blank (MB) - One method blank must be processed with each preparation batch.

The method blank consists of reagent water containing all reagents specific to the method

that is carried through the entire analytical procedure, including preparation and analysis. The

method blank is used to identify, any system and process interferences or contamination of

the analytical system that may lead to the reporting of elevated analyte concentrations or false

positive data. Criteria for the acceptance of blanks are contained within the individual

analytical method SOP's. If the method blank does not meet the criteria contained within the

analytical method SOPs, the blank and all associated samples in thie batch must be

redigested.

9.5. Laboratory Control Sample (LCS) - One aqueous LCS must be processed with each

preparation batch. The LCS Must contain all analytes of interest and must be carried through

the entire analytical procedure. The LCS is used to monitor the accuracy of the analytical

process. On going monitoring of the LCS results provides evidence that the laboratory is

perfonning the method within acceptable accuracy and precision guidelines. Criteria for the

acceptance of LCS results are contained within the individual analytical method SOP's.

Corrective action when LCS results fail to meet control limits will be repreparation and

reanalysis of the batch. Tables II and III provide the details regarding the stock, working

standards and final spike concentrations for ICP and GFAA. Refer to Section 7.3 or 7.4 for

instructions on preparation of the aqueous LCS.

9.5. 1. The LCS is prepared by spiking a I l- or I g aliquot of reagent water with 2 ml- of

the working LCSIMS spike solution (7.3 or 7.4). The LCS is then processed as

described in either Section 11.10.

9.6. Matrix Spike/Matrix Spike Duplicate (MS/MSD) - One MS/MSD pair must be processed

for each preparation batch. A matrix spike (MS) is a field sample to which known

concentrations of target analytes have been added. A matrix spike duplicate (MSD) is a

second aliquot of the same sample (spiked identically as the MS) prepared and analyzed

along with the sample and matrix spike. Some client specific data quality objectives
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(DQO's) may require the use of sample duplicates in place of or in addition to MS/MSD's.
The MS/MSD results are used to determine the effect of a matrix on the precision and
accuracy of the analytical process. Samples identified as field blanks cannot be used for
MS/MSD analysis. If any analyte recovery or RPD falls outside the acceptance range, the
recovery of that analyte must be in control for the LCS. If the recovery of the LCS is
outside limits, corrective action must be taken. Corrective action will include repreparation
and reanalysis of the batch. Corrective action when MS results fail to meet control limits
does not include repreparation of samples unless the results indicate that a spiking error may
have occurred. Tables 11 through IV provide the details regarding the stock, working
standards and final matrix spike concentrations for ICP' and GFAA. Refer to Sections 7.3
and 7.4 for instructions on preparation of the working matrix spike solutions.

9.6. 1. The soil matrix spike sample is prepared by spiking a I g aliquot of a sample with
2rmL of the working LCS/MS spike solution (7.3 or 7.4). The matrix spike sample
is thenr processed as described in either Section II 10.IO

9.7. Quality Assurance Summaries - Certain clients may require specific project or Program QC
Which may Supersede the SOP requirements. Quality Assurance S~rummaries (QAS) should
be developed to address these requirements.

10. CALIBRATION AND STANDARDIZATION

10.1. H-otplate or block temperature must be verified daily for each unit used and must be
recorded on either thre metals preparation log or in a hotplate temperature logbook. The
hotplate temperature should be ven tied by measuring the temperature of a beaker of reagent
water placed on each hotplate. For block digestors, uise a tube containing water.

HI. PROCEDURE

11.1. One time procedural variations are allowed only if deemed necessary in the professional
judgment Of Supervision to accommodate variation in sample matrix, radioactivity, chemistry,
sample size, or other parameters. Any variation in procedure shall be completely
documenC1ted using a Nonconfonnance Memo and is approved by a Technical Specialist and
QA Manager. If contractually required, the client shall be notified. The Nonconformance
Memo shall be filed in the project file.

I 1.2. Any unauthorized deviations from this procedure must also be documented as a
nonconformnance, with a cause and corrective action described.

11.3. The hreating procedures are carried out in a properly functioning hood.
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11.4. All samples are to be checked out of sample control with the chain of custody documentation
filled out completely.

11.5. Proper sample identification is extremely important in any preparation procedure. Labeling
of beakers and bolltles must be done in a manner to ensure connection with the proper
sample. The use of automatic label printing programs is recommended to reduce transcription
errors (QuantIMS option).

11.6. Samples are typically logged in as either waters or soils. Wastes such as organic liquids or
sludges and tissues (animal/vegetable) are usually logged in with solid test codes. When
initiating prep, examine the sample to see if the sample matches the matrix designation. If the
sample is logged in as aqueous but it appears more like a waste (biphasic, sludge like,
organic liquid, lots of sediment etc.) contact the lab supervisor or project administrator for
further instructions. In some cases it may be more appropriate to process these samples as
solids.

11.7. If possible prepare all the samples of a project at the same time to minimize the QC required
and streamline the flow of the project through the lab and reporting group.

11.8. In some cases, both AA and ICP digests are required on each sample. It is recommended
that both aliquots be weighed out and processed at the same time.

11 .9. Guidelines are provided in the appendices on procedures to minimize contamination of
samples and standards.

I .10. Preparation of Soils, Sediments and Sludges for Analysis by GFAA, ICP, ICP/MS and
FLAA.

11 .10.1. Mix sample thoroughly by stirring with a clean plastic or wooden spoon or
spatula. Some project plans may require, when possible, transfer of the entire
sample from the original container to butcher paper or a clean beaker, mixing
thoroughly, then returning the sample to its original container.

11.10.2. For each digestion procedure required (i.e-, ICP or GFAA), weigh a 1.0 portion
of solid and record the exact weight to the nearest 0.01I g. A 2 g sample size may
also be used if needed to meet the reporting limits.

11.10.3. Measure additional aliquots of the designated samples for the MS and MSD
analyses.
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11.10.4. Spike each of the MS and MSD aliquots with 2 mL of the working LCS/MS
spiking solution (7.3 or 7.4).

11.10.5. Prepare a beaker for the method blank.

11.10.6. Prepare a beaker for the LCS. Add 2 mL of the working LCS/MS spiking
solution (7.3 or 7.4).

11.10.7. Add I0 nl- of 1:I H-N0 3 and mix the sample.

11.10.8. P-leat sample to 95) ±40 C and reflux for 10 minutes without boiling, using a vapor
recovery device.

Note: DO NOT ALLOW SAMPLE TO BOIL ORGO DRY during any
part of the digestion. Doing so will result in the loss of analyte and the
sample must be reprepared.

11.10.9. Allow sample to cool, if necessary.

11.10.10. Add 5 mL- of concentrated H-N0 3 and replace vapor recovery device.

I .10. II. RefILuxat 950 ±40 C for 30 minultes. (Add reagent water as needed to ensure that
thle volume of solu.tionl is not reduced to less than 5 mL.)

11.10.12. If brown fumies are observed, i-cpeat step I11.1I0.1I0 until no more flumecs are
evolved.

11.10.13. Allow the samples to cool, if necessary.

11.10.14. Add approximately 2 nl- of reagent water and I mLl-of3O % 17LO 2. Care must
be taken to ensure that losses do not occur due to excessively vigorous
effbrvescenice.

11.10.15. Replace thle vapor recovery device and hreat sample until effervescenice subsides.

11.10.16. Allow the sample to cool, if necessary.

11.10.17. Continue adding 30'% 1-1202 inl I mLt aliqulotswith wanming until eftbrvescencc is
minimal or sample appearance is unchanged.

Note: Do not add more than a total of 10 nl- of'30 %/ 1-120,.
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11 .10.18. Continue beating at 950 ±40 C for 75 minutes until the volume is reduced to
approximately 5-10 mL. Alternatively the sample may be heated for 2hours.

11.10.19. If the sample is being prepared for ICP or FLAA analyses add 10 mL of
concentrated HCI and reflux for an additional 10 minutes without boiling. This
step is omitted for analysis by ICP-MS and GFAA

Note: Antimony and silver have poor solubility in dilute nitric acid solution.
Therefore it is strongly recommended that these elements are determined by the
ICP procedure that includes HCI as the final digestion acid.

11.10.20. Allow the sample to cool.

11.10.21. Wash down beaker walls and vapor recovery device with reagent water.

11.10.22. Filter sample through Wlhatman 41 filter paper or equivalent into a graduated
cylinder or equivalent or a pre-weighed bottle. Other measuring bottles (for
example, Coming Snap Sealsm) may be used if their accuracy is documented
and is better than + 2%. Rinse beaker and filter paper with reagent water to
ensure complete sample transfer.

Note: tn place of filtering, the samples, after dilution and mixing, may be
centrifuged or allowed to settle by gravity overnight to remove insoluble
mnaterial

IL.10.23. Dilute sample to 100 mL or b00g with reagent water. The sample is now ready
for analysis.

Note: This SOP allows for samples to be weighed instead of measured
volumetrically. This assumes the density of the diluted sample is close to
1.0 g/mL (See Section 17.1.2).

12. DATA ANALYSIS AND CALCULATIONS

Not Applicable.

13. METHOD PERFORMANCE

13.1. Method performance is determined by the analysis of matrix spike and matrix spike duplicate
samples as well as method blanks and laboratory control samples. In general, the matrix
spike recovery should fall within +/- 20 % and the matrix spike duplicates should compare
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within 20% RPD. Method blanks must meet the criteria specified in the determinative SOPs.
The laboratory control samples should recover within 20% of the true value until in house
control limits are established. Acceptance criteria are given in the determinative SOPs.

13.2. The initial demonstration study as detailed in Section 9.1.2 must be acceptable before the
analysis of field samplcs under this SOP may begin. The results of the initial demonstration
study may be used to extend a method for the analysis of other elements provided all
acceptance criteria are met.

13.3. Training Qualification:

The group/team leader has the responsibility to ensure that this procedure is perfornned by an
associate who has been properly trained in its use and has the required experience.

14. POLLUTION PREVENTION

14.1I. This methiod doesnot containianiyspecific miodificationis that serve tominimiiiize or prevent
pollution.

IS. WASTE MANAGEMENT

15.1. Waste generated in the procedure must be segregated and disposed according to the facility
hazardous waste procedures. The Environmental HeIalth and Safety Director should be
contacted if additional information is required.

15.2. Standards should be purchased and prepared iii voIlumes consistent with laboratory use to
minimize the Volume of' expired standards to be disposed.

16. REFERENCES

16.1I. Test Methods for Evaluating Solid Waste, Physical/Chem-ical Methods, SW-846, 3rd
Edition, Final Update 111, December 1996. Method 3050B.

16.2. CORP-MT-0001, Inductively Coupled Plasmna-Atomnic Emission Spectroscopy,
Speetrometric Method fbr Trace Element Analysis of Water and Wastes, Method 60 l OB
and Method 200.7.

16.3. CORP-MT-0003, Graphite Furnace Atomic Absorption Spectroscopy, SW846 Method
7000A and MCAWW 200 Series Methods.
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16.4. NC-MT-0002, Inductively Coupled Plasma-Mass Spectrometry, EPA Methods 6020 and

200.8.

16.5. QA-003, STL North Canton QC Program.

16.6. QA-004, Rounding and Significant Figures.

16.7. QA-005, Method Detection Limits.

17. MISCELLANEOUS (TABLES, APPENDICES, ETC. .. )

17.1. Modifications/Interpretations from reference method.

17. 1.1. Chapter I of SW-846 states that the method blank should not contain any analyte

of interest at or above the MDL. This SOP states that the method hiank must not

contain any analyte of interest at or above the reporting limit. Common lab

contaminants, as defined in the determinative SOPs, are allowed up to txvo times

the reporting limit in the blank following consultation with the client.

17.1.2. This SOP allows for aqueous samples to be weighed instead of measured

voIlumetrically. This assumes the density of the sample is close to 1.0 g/mnL.
Samples with large amounts of sediment or suspended solids, sludges, non-aqueous

liquids must be processed volumetrically. Weighing samples directly into the

digestion vessel minimizes the potential for cross contamination, offers improved

accuracy over the use of graduated cylinders (comparable to volumetric flask

accuracy), uses less glassware and is more efficient.

17.2. Modifications from previous SOP
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17.2.1. ICP/MS has been added as an appropriate determinative technique.

17.2.2. The approved analyte list may be modified provided that additional elements meet
the requirements in section 13.

17.2.3. Directions for digestion for set time periods rather than reduction to set volumes have
been added.

17.2.4. The order of two steps in the digestion has been changed. (See section 11.10.20)

17.2.5. Definition of the method as determining total environmentally available metals has
been added.

17.3. Facility Specific SOPs

Each facility shall attach a list of facility specific SOPs or approved attachments (if
applicable) which are required to implement this SOP or which are used in conjunction with
this SOP. If no facility specific SOPs or amendments are to be attached, a statement must
be attached specifying that there air none. Refcr to the Appendices for any facility specific
information required supporting this SOP.

I 7.4. Documentation and Record Management

The preparation benchishect should, at a minlimum11, include the following information:

* Preparation date, analyst initials, matrix, prep type (ICP or GFAA).

* Sample ID; initial] weight/volume1 and final weight/voIlumeI.

* Standards Documentation (.source, lot, prep date, volume added).

* Analyst initials.
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Figure 1. Soil Sample Preparation (Section 11.10)
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Figure 2. Soil Sample Preparation (continued)
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TABLE I. Method 3050A Approved Analyte List

ELEMENT Symbol CAS Number

AluminUm Al 7429-90-5
Antimony Sb 7440-36-0
Arsenic As 7440-38-2
Barium Ba 7440-39-3
Betylliwn Be 7440-41-7
Cadmnium Cd 7440-43-9
Calcium Ca 7440-70-2
Chromium Cr 7440-47-3
Cobalt Co 7440-48-4
Copper CLI 7440-50-8
Iron Fe 7439-89-6
Lead Pb 7439-92-1
Magnesium Mg 7439-95-4
Manganese Mn 7439-96-5
Molybdenum11 MO 7439-98-7
Nickel Ni 7440-02-0
Potassium K 7440-09-7
Selenium SC 7782-49-2
Silver Ag 7440-22-4
Sodium Na 7440-23-5
Thallium TI 7440-28-0
VanadiUm1 V 7440-62-2
Zinc Zn1 7440-66-6
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TABLE II. ICP and FLAA Soil Matrix Spike and Aqueous LCS Levels

Working LCS/MS Aqueous [CS/MS Soil MS Level ** (mg/Kg)

ELEMENT Standard (mg/L) Level t (u g/L )

A l um in u m 100 2000 200

A n ti m o n y 25 500 50

A rsen ic 100 2 000 200

B ar i um 100 2000 200

B ery ll iu m 2.5 50 5

C admu mur 2.5 50 5

C alc iu m 2500 5000 0 500 0

C hro m i um 10 20 0 20

C o ba lt 25 50 0 50

C o p pe r 12. 5 2 50 25

I ro n 50 1000 100

L e ad 2 5 500 50

L it h iu m 50 1000 100

M a gn si m 2500 5 0000 5000

M a n g an e se 25 500 50

M o l y b d en u m 50 100 0 100

N ic kel 25 500 50

Po t assi u m 2500 5000 0 50 00

Sel eni u m lOG
n10 

2000 200

Si lv er 2 5 50 5

So d iu m 2 500 50 000 5000

S tr on t i u m 500 1000 lOG

T hall I Um 100 2000 200

V an ad iu m 25 500 50

Z i nc 25 500 50

B oro n 50 100 0 100

T in 10 0 0 200

T i ta ni u m 50 1000 100

* Levels show n indicate the sp ik e concentra tio n in the fi na l digestate o f the aqu eou s LCS or m atrix

sp ik e b ased on the add itio n o f 2.0 m L w o rk ing spik e (7 .3) to 100 mL of s am ple .

* * Fina l soil sp ik e con cen tra tion based on th e ad dition o f 2 .0 n-d w orking spike (7.3) to 1.0 g o f

samp le /I 00 mL fina l volu me (as su mes 100% solids) .
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TABLE III. ICPMS Soil Matrix Spike and Aqueous LCS Levels

Working LCS/MS Aqueous LCS/MS Soil MS Level **(rg/Kg)
ELEMENT Standard (mng/L) Lcvel* (ug/L)
AlurminUmn 100 1000 100
Antimnony 10 100 10

Arsenic 10 100 10
Barium to 00o 10

Beryllium 10 00o t0
Cadmiumi 10 100 10
CalciUmn 100 1000 100

ChroiurnL11 I10 100 1 0
Cobalt 10 100 10
Copper 10 100 10

Iron 100 1000 100
Lead 10 100 10

MaIgneSiumlr 100 1000 100
Manganese 10 100 10
Molybdenumn 10 00o 10

Nickel 10 100 10
Potassium1 100 1000 100
Seleniumo 0 100 10

Silver I10 100 10
Sodium 100 1000 100

S1trontiumi 10 100 10
Thalliumn 10 100 10

Vanadiumn 10 100 10
Zinc 10 100 10
Boron 10 100 10
Tin 10 100 to

Titan ium nI0 too0 10
Ziron ium I10 100 I10

*Levels shown indicate the spike concentration in the final digestate of the aqueous LCS or matrix
spike based onl the addition of 1.0 rnl- working spike (7.4) to 100 mLt of sample.

**Fitnal soil spike concentration based onl the addition of 1.0 rnL working spike (7.4) to 1.0 g of
sample/100 mL final volume (assumeIs 100% solids).
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TABLE IV. GFAA Soil Matrix Spike and Aqueous LCS Spike Levels

Stock LCS/MS Working LCS/MS Aqueous LCS/ MS Soil MS Level**

ELEMENT Standard (mgIL) Standard (ug/L) Levl (u/L (rng/Kg)

Arsenic 400 2000 40 4

Selenium 400 2000 40 4

Lead 400 2000 40 4

ThaliuiLM 400 2000 40 4

Antimony 400 2000 40 4

Cadmumll 40 200 4 0.4

Chromium 000 0 0I10

Silver 50 205 0.5

*Levels shown indicate the spike concentration in the final digestate of the aqueous LCS or matnix

spike based on the addition of 1.0 mL working spike (7.5) to 50 mL of sample.

**Final soil spike concentration based on the addition of 2.0 ml- working spike (7.5) to 1.0 g of

sample/lI00 il. final volume (assumes 1 00% solids).
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TABLE V. Summary ofQuality Control Requirements
QC PARAMETER FREQUENCY ACCEPTANCE CRITERIA CORRECTIVE

______________ ______________A CTIO N
Method Blank One per sample Refer to detenninative SOPs: Redigest and reanalyze

preparation batch of NC-MT-0002 samples.
up to 20 samples. CORP-MT-0001I

________________ CORP-MT-0003
Laboratory Control One per sample Refier to detcrnrinative SOPs: Redigest and reanalyze
Sample (LCS) preparation batch of NC-.MT-0002 all samples associated

LIP 10 20 samples. CORP-MT-0001 with the LCS.
COR P-MT-0003

Matrix Spike One per sample Refecr to dectenninative SOPs: Reprep not required
preparation batch of NC-MT-0002 unless preparation error
tIP to 20 samples. CORP-MT-O000 suspected.

CORP-MT-0003 _________

Matrix Spike See Matrix Spike Refer to detenninative SOPs: See Corrective Action
Duplicate NC-MT-0002 fior Matrix Spike.

CORP-MT-0001I
____ ____ ___ _ __ ___ ____ ___ CORP-M T-0003 _ _ _ _ _ _ _ _
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APPENDIX B. CONTAMINATION CONTROL GUIDELINES

The following procedures are strongly recommended to prevent contamination:

All work areas used to prepare standards and spikes should be cleaned before and after
each use.

All glassware should be washed with detergent and tap water and rinsed with 1: I nitric acid
followed by decionized water.

Proper laboratory housekeeping is essential in the reduction of contamination in the metals
laboratory. All work areas must be kept scrupulously clean.

Powdered or latex gloves must not be used in the metals laboratory since the powder
contains silica and zinc, as well as other metallic analytes. Only vinyl or nitrile gloves should
be used in the metals laboratory.

Glassware should be periodically checked for cracks and etches and discarded if found.
Etched glassware can cause cross contamination of any metallic analytes.
A~utosampler trays should be covered to reduce the possibility of contamination. Trace
levels of elements being analyzed in the samples can be easily contaminated by dust particles
in the laboratory.

The following are helpful hints in the identification of the source of contaminants:

Reagents or standards can contain contaminants or be contaminated with the improper use
Ofra pipette.

Improper cleaning of glassware can cause contamination.

Sepamate glassware if anl unusually high sample is analyzed and soak with sulfuric acid prior
to routine cleaning.
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1. SCOPE AND APPLICATION

1.1. This procedure describes the preparation of aqueous samples for the analysis of certain

metals by Graphite Furnace Atomic Absorption (GFAA), Flame Atomic Absorption

(FLAA), Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP), and

Inductively Coupled Plasma-Mass Spectrometry (ICP/MS) using the MCAWVW 200 series

methods (NPDES) and SW846 Methods 3005A, 3010A, 3020A and 7060A/7740
(RCRA).

1.2. The applicability of each of these preparation protocols to specific analytes is detailed in
Tables I and II (Appendix A) and the applicable determinative methods are illustrated by

Figures 6 and 7 (Section 17). Additional elements may be analyzed following digestion by

these protocols provided that the method performance criteria specified in Section 13.0 of

this SOP are met.

1.3. This SOP provides procedures applicable to the preparation of dissolved, suspended, total

recoverable and total elements in ground water, aqueous samples, certain aqueous sludges,

wastes, and biological tissues, and leachates/extracts.

1 .4. SW-846 Method 3005A is used to prepare surface and groundwater samples for total

recoverable and dissolved metals determination by FLAA, ICP and GFAA (antimony

only).

1.5. N4CAWW Method 200.7 Section 9.4 is used to prepare surface water, domestic and

industrial waste samples for total recoverable and dissolved metals detenniination by ICP.

1.6. SW-846 Method 3010OA is used to prepare aqueous samples, EP and mobility-procedure
extracts, and wastes that contain suspendcd solids for total metals analysis by FLAA or

ICP.

1.7. MCAWW Method 200.7 Section 9.3 is used to prepare surface water and wastes that
contain suspended solids for total metals analysis by ICP.

1.8. SW-846 Method 3020A is used to prepare aqueous samples, ElP and mobility-procedure

extracts, and wastes that contain suspended solids for total metals by GFAA, or ICP/MS.

1 .9. MCAWW Method 200.0 Section 4.1.3 is used to prepare surface water and wastes that

contain Suspended solids for total metals analysis by GFAA.



8771 69 7
ACID DIGESTION OF AQUEOUS SAMPLES BY SW846 AND SOP No. CORP-IP-0003NC
MCAWW 200 SERIES METHODS Revision No. 1.4

Revision Date: 02/19/03
APPENDIX A -TABLES Page 4 of 37

1.10. MCAWW Method 200.0 Section 4.1.4 is used to surface water, domestic and industrial
waste samples for total recoverable and dissolved metals determination by GFAA.

1.11. SW-846 Methods 7060A and 7740, respectively, contain the procedure for the
preparation of aqueous samples for arsenic and selenium.

1.12. MCAWW Methods 206.2 and 270.2, respectively, contain the procedure for the
preparation of aqueous samples for arsenic and selenium.

1.13. All matrices require digestion prior to analysis with the exception of analyses for dissolved
metals in filtered and acidified aqueous samples. Although digestion is not specifically
required by the method, some clients and regulators do require digestion of dissolved
samples and this must be clarified before project initiation.

2. SUMMARY OF METHOD

2.1. Method 3005A / Method 200.7 Section 9.4 - Preparation for Total Recoverable or
Dissolved Metals Analysis by FLAA or ICP Spectroscopy

2.1 .1. A representative aliquot of'samnple is heated with nitric and hydrochloric acids and
Substantially reduced inl Volume. The digestate is filtered (if necessary) and diluted
to volume.

2.2. Method 3010OA / Method 200.7 Section 9.3 - Preparation for Total Metals Analysis by
FLAA or ICP Spectroscopy

2.2. 1. A representative aliquot of sample is refluxed with rnitic acid. After the digestate has
been reduced to a low volume, it is refluxed with hydrochloric acid, filtered (if
necessary) and brought tip to volume.

2.3. Method 3020A / Method 200.0 Section 4.1.3 - Preparation for Total Metals for Analysis
by GFAA Spectroscopy and lCP/MS.
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2.3.1. A representative aliquot of sample is refluxed with nitric acid. After the digestate has

been reduced to a low volume, it is cooled, filtered (if necessary) and brought up to

volume.

2.4. Methods 7060A/206.2 and Methods 7740/270.2 - Preparation for Arsenic/Selenium
Analysis by GFAA

2.4. 1. A representative aliquot of sample is heated with nitric acid and peroxide until the

digestate has been reduced to a low volume. The sample is cooled, filtered (if

necessary) and brought up to volume.

2.5. Method 200.0 Section 4.1.4 - Total Recoverable GFAA Preparation (NPDES)

A representative aliquot of sample is heated with nitric acid and until the digestate has been

reduced to a low volume. The sample is cooled, filtered (if necessary) and brought

up to volume.

3. DEFINITIONS

Additional definitions of terms used in this SOP may be found in the glossary of the LQMI

3.1. Dissolved Metals: Those elements which pass through a 0.45 um membrane. (Sample is

acidified after filtration).

3.2. Suspended Metals: Those elements which are retained by a 0.45 umn membrane.

3.3. Total Metals: The concentration determined on an unfiltered sample following digestion.

3.4. Total Recoverable Metals: The concentration determined on an unfiltered sample following

treatment with hot, dilute mineral acid.

4. INTERFERENCES

4.1. There are numerous routes by which samples may become contaminated. Potential sources

of trace metals contamination include: metallic or metal-containing labwarc (e.g., talc gloves
which contain high levels of zinc), containers, impure reagents, dirty glassware, improper

sample transfers, dirty work areas, atmospheric inputs such as dirt and dust, etc. Be aware

of potential sources of contamination and take appropriate measures to minimize or avoid

them.
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4.2. The entire work area, including the bench top and fume hood, should be thoroughly cleaned
on a routine schedule in order to minimize the potential for environmental contamination.
Refer to Appendix B for additional contamination control guidelines.

4.3. Boron and silica from the glassware will migrate into the sample solution during and
following sample processing. For critical low level determinations of boron and silica, only
quartz and/or plastic labware should be used.

4.4. Physical interference effects may Contribute to inaccuracies in thle determinations of trace
elements. Oils, solvents and other matrices may not be digested using these methods if they
are not soluble with acids. If physical interferences are present, they should be
documented.

4.5. Visual interferences or anomalies (Such as foaming, emulsions, precipitates, etc.) must be
documented.

4.6. Allowing samples to boil or go dry during digestion may result in the loss of volatile metals.
Ifthis occurs the sample must be reprecpared. Antimony is easily lost by volatilization from
hydrochloric acid media.

4.7. Precipitation of'silver chloride (AgCI) iiay Occur whene chloride ions and high concentrations
of'silver (i.e., greater than I mig/L) are present in the sample.

4.8. Specific analytical interferences are discussed ine each of the dectenninative methods.

5. SAFETY

5.1. Procedures shall be carried out in a manner that protects the health and safety of all STL
associates.

5.2. Eye protection that satisfies ANSI Z87.1I (as per the Chemical Hygiene Plan), laboratory
coat, and appropriate gloves must be worn while samples, standards, solvents, and reagents
are being handled. Disposable gloves that have been contaminated will be removed and
discarded; other gloves will be cleaned immediately.

5.3. The health and safety hazards ofimany of the chemicals used in this procedure have not
been fully defined. Additional health and safiety infonination can be obtained forom the
Material Safety Data Shecets (MSDS) maintained in the laboratory. The following specific
hazards are known:
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5.3. 1. The following materials are known to be corrosive:

hydrochloric acid and nitric acid.

5.3.2. The following materials are known to be oxidizing agents:

nitric acid and hydrogen peroxide.

5.3.3. All sample digestions, including cooling of digestates, must be carried out in a fiine

hood.

5.4. The acidification of samples containing reactive materials may result in the release of toxic

gases, such as cyanides or sulfides. Acidification of samples should be done in a flume
hood. The analyst should also be aware of the potential for a vigorous reaction.

5.5. Exposure to chemicals must be maintained as low as reasonably achievable. Therefore,

unless they are known to be non-hazardous, all samples should be opened, transferred and

prepared in a fume hood, or under other means of mechanical ventilation. Solvent and
waste containers will be kept closed unless transfers arc being made.

5.6. All work must be stopped in the event of a known or potential compromise to the health

and safety of a STL associate. The situation must be reported immediately to a laboratory
supervisor.

5.7. Always carty bulk concentrated acid boftties in appropriate impact proof containers.

5.8. Acid/peroxide spills must be neutralized immediately, flushed with water and cleaned up
using appropriate spill kits.

5.9. Discard chipped or broken beakers to prevent injury. Chipped glassware may be fire

polished as an alternative to disposal.

5.10. Any and all accidents and spills must be reported to the lab supervisor or EH&S
coordinator.

6. EQUIPMENT AND SUPPLIES

6.1. Hot plate, digestion block or other adjustable heating source capable of maintaining a

temperature of 950C (± 4).

6.2. Calibrated themmmeniter that covers a temperature range of 0-200'C.
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6.3. Griffin beakers of assorted sizes or equivalent.

6.4. Watch glasses, ribbed or equivalent.

6.5. Whatman No. 4 filter paper or equivalent.

6.6. Funnels or equivalent filtration apparatus.

6.7. Centrifugation equipment (if desired method of removing particulates is centrifugation).

6.8. Graduated cylinder or equivalent capable of measuring 50 mL within 3% accuracy.

6.9. Analytical balance capable of accurately weighing to the nearest 0.01 grains.

6. 10. Repipetors or Suitable reagent dispensers.

6.11I. Calibrated automatic pipettes With corresponding pipette tips or Class A glass volumietric
pipettes.

6.12. Class A volumetr10ic flasks.

6.13. p1- indicator strips (p1- range 0 - 6).

6.14. Plastic digestate storage bottles.

7. REAGENTS AND STANDARDS

7.1I. Reagent water mnust be produced by a Millipore DI system or equivalent. Reagent water
Must be free of the analytes of interest as demonstrated through the analysis of method
blanks as defined in the determiinative SOPs.

7.2. Laboratory Control Sample (LCS) and matrix spike (MS) solutions are purchased as
customn STL solutions. All standards must be stored in FEP fluorocarbon or previously
unused polyethylene or polypropylene bottles. Stock standard solutions must be replaced
prior to thieexpiration date provided by the mianufaicturer. Ifino expiration date is provided,
the stock solutions may be used for uIP to one year and must be replaced sooner if
verification fromt anr independent source indicates a problem.

7.3. Working ICP LCS/MS spike solution: Prepare the ICP LCS/MS working spike Solution
from Custom stock standards to the final concentration listed in Table Ill. The working
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spike must be prepared in a matrix of 5% HNO 3. This acid (5 ML. of concentrated HN0 3

per 1 00 mL) must be added to the volumetric flask before the addition of the stock

standard aliquot. The working ICP LCS solution must be made fresh every three months.

7.4. Working GFAA LCS/MS spike solution: Prepare the GFAA working LCS spike solution

by diluting thc custom stock solution (7.2) 200x. The working spike solution must be
prepared in a matrix of 5% HNO3. This acid (5 mL of concentrated LHNG 3 per 100 mL.)

must be added to the volumetric flask before the addition of the stock standard aliquot.

The working GFAA LCS solution must be made fresh every three months.

7.5. The TCLP MS working spike solution is provided directly by the vendor, no fiurther
standard preparation is necessary.

7.6. The LCS and MS samples must contain all the elements designated for analysis in each

batch of samples. If a non-routine element is required that is not contained in the custom
STh solution, the individual facility must purchase a solution from the designated vendor that
will cover the additional analyte(s) of interest and provide for a final spike concentration that

is appropriate to the determinative method.

7.7. Aqueous laboratory control samples (LCSW) and matrix spike samples are prepared as

described in Sections 9.5 and 9.6. Refer to Tables III and IV(Appendix A) for details
regarding the stock, working standard and final digestate spike concentrations for ICP and
GFAA LCS and matrix spike preparations.

7.8. Nitric acid (HNO3) concentrated, trace metal grade or better.

7.9. Nitric acid, 1:1I - dilute concentrated L-1N0 3 with an equal volume of reagent water.

Note: When preparing diluted acids always add acid to water. If the water is added to the
acid a violent reaction may occur.

7.10. Hydrochloric acid (HCI), concentrated, trace metal grade or better.

7.11. Hydrochloric acid, 1:1I - dilute concentrated HCI with an equal volume of reagent water.

Note: When preparing diluted acids alwy add acid to water. If the water is added to the
acid a violent reaction may occur.

7.12. 30% Hydrogen peroxide (H20 2), reagent grade.



8 771 70 3
ACID DIGESTION OF AQUEOUS SAMPLES BY SW846 AND SOP No. CORP-IP-OOO3NC
MCAWW 200 SERIES METHODS Revision No. 1.4

Revision Date: 02/19/03
APPENDIX A - TABLES Page IO0of 37

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1. Sample holding time for metals included under the scope of this SOP is 180 days from the
date of collection to the date of analysis.

8.2. Aqueous samples are preserved with nitric acid to a pH of <2 and may be stored in either
plastic or glass. If boron or silica are to be determined, plastic containers are preferred.
Refrigeration is not required. Preservation must be verified prior to analysis.

8.3. For dissolved metals analysis, the samples should be filtered through a 0.45 urn filter prior to
preservation. Filtration must be done in the field or within 24 hours of collection.

Note: If a sample being analyzed for dissolved metals is found to contain sediment the
analyst should contact their supervisor or group leader. The client should be notified
of the problem to decide how to treat the sample.

9. QUALITY CONTROL

Table VI (Appendix A) provides a Summary of qUality control requirements including type,
l're(LcIuecy, acceptance criteria and corrective action.

9.1. Initial Demonstration of Capability

Prior to analysis of any analyte using any method contained within this SOP the following
requirements must be met:

9.1.1. Method Detection Limit (MDL) - An MDL must be determined for each
analyte/matrix prior to the analysis of any samples. The MDL is dectennined using
seven replicates of reagent water, spiked with all the analytes of interest, that have
been carried through the entire analytical procedure. MDL's must be redetennined
on an annual basis in accordance with 40 CFR Part 136 Appendix B requirements
as detailed in STL QA Policy QA-005. The spike level must be between the
calculated MDL and lOX the MDL to be valid. The result Of the MDL
determination must be below the STL reporting limit.

9.1.2. Initial Demonstration Study - This requires the analysis Of four QC check samples.
The QC check sample is a well-characterized laboratory generated sample used to
mionitorimethiodlperforimance, which shIould conitain all the analytes of interest. Thle
results Of the initial demonstration study must be acceptable before analysis of
samples may begin. Thie results of the initial demonstration study may be used to
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extend a method for the analysis of other elements provided all acceptance criteria

are met.

9.1.2.1. Four aliquots of the cheek sample (LCS) are prepared and analyzed using

the procedures de tailed in this SOP and the determinative SOPs.

9.1.2.2. Calculations and acceptance criteria for QC check samples are given in

the determinative SOPs (CORP-MT-0001, CORP-MT-0003).

9.2. Preparation Batch - A group of up to 20 samples that are of the same matrix and are

processed together using the same procedures and reagents. The preparation batch must

contain a method blank, a LCS and a matrix spike/matrix spike duplicate, In some cases,

at client request, it may be appropriate to process a matrix spike and sample duplicate in

place of the MS/MSD. If clients specifly specific samples for MS/MSD, the batch may

contain multiple MS/MSD pairs.

9.3. Sample Count - Laboratory generated QC samples (method blanks, LCS) are not included

in the sample Count for determnining the size of a preparation batch. MS/M4SD are not

included iii the sample count unless there are multiple sets of MS/MSD per batch. In other

words, the first MS/MSD are not counted; all additional MS and MSDs are counted as

samples.

9.4. Method Blank (MB) - One method blank must be processed with each preparation batch.

The method blank consists of reagent water containing all reagents specific to the method

that is carried through the entire analytical procedure, including preparation and analysis.

The method blank is used to identify any system and process interferences or contamination

of the analytical system that may lead to the reporting of elevated analyte concentrations or

false positive data. Criteria for the acceptance of blanks arc contained within the individual

analytical method SOP's. If the method blank does not meet the criteria contained within

the analytical method SOPs; the blank and all associated samples in the batch must be

redigested.

9.4. 1. Aqueous method blanks are prepared by taking 50 mL or 50 g of reagent water

through the appropriate procedure as described in Section 1 1.

9.4.2. TCLP method blanks are prepared by taking 50 mL or 50 g of leachate fluid

through the appropriate procedure as described in Section I 1.

9.5. Laboratory Control Sample (LCS) - One aqueous LCS must be processed with each

preparation batch. The LCS nnist contain all analytes of interest and must be carried
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through the entire analytical procedure. The LCS is used to monitor the accuracy of the
analytical process. On going monitoring of the LCS results provides evidence that the
laboratory is performing the method within acceptable accuracy and precision guidelines.
Criteria for the acceptance of LCS results arc contained within the individual analytical
method SOP's. Corrective action when LCS results fail to meet control limits will be
repreparation and reanalysis of the batch. Refer to Section 7.3 and 7.4 for instructions on
preparation of the aqueous LCS spike solution.

9.5. 1. The aqueous LCS is prepared by spiking a 50 mL aliquot of reagent water with 1.0
mL of the working LCS/MS spike solution (7.3 or 7.4). The LCS is thenr
processed through the appropriate procedure as described in Section II1.

9.6. Matrix Spike/Matrix Spike Duplicate (MS/MSD) - One MS/MSD pair must be processed
for each preparation batch. A matrix spike (MS) is a field sample to which known
concentrations of target analytes have been added. A matrix spike duplicate (MSD) is a
second aliquot of the same sample (spiked identically as the MS) prepared and analyzed
along with the sample and matrix spike. Some client specific data quality objectives
(DQO's) may require the use of sample duplicates in place ofor in addition to MSIMSD's.
The MS/MSD results are used to deterinine the effect of a matrix on the precision and
accuracy of the analytical process. Samples identified as field blanks cannot be used for
MS/MSD analysis. If any analyte recovery or RPD thals outside the acceptance range, thre
recovery of that analyte must be in control flor the LCS. If the recovery of the LCS is
Outside limits, corrective action must be taken. Conrective action will include repreparation
and reanalysis of the batch. Corrective action when MS results Fail to meet control limits
does not include rcpreparation of samples unless the results indicate that a spiking error may
have Occurred.

9.6.1. The aqueous matrix spike sample is prepared by spiking a 50 ml- aliquot of a
sample with 1.0 nl- of the working LCS/MS spike solution (7.3 or 7.4). The
matrix spike sample is then processed as described in Section I 1.

9.6.2. The TCLP matrix spike sample is prepared by spiking a 50 mL aliquot of a leachate
with 0.5 nl- of the working TCLP spike solution (7.5). The matrix spike sample is
thenr processed as described in Section I 1.

NOTE: The TCLP matrix spike must be added prior to preservation of the
leachate.

9.6.3. If insufficient sample is available to process a MS/MSD, thenr a second LCS must
be processed. The LCS pair is thenr evaluated according to the MS/MSD criteria.
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9.7. Quality Assurance Summaries - Certain clients may require specific project or program QC

that may supersede the SOP requirements. Quality Assurance Summaries (QAS) should

be developed to address these requirements.

10. CALIBRATION AND STANDARDIZATION

10.1 Hotplate temperature must be verified daily for each hoiplate used and must be recorded on

either the metals preparation log or in a hotplate temperature logbook. The hotplate

temperature should be verified by measuring the temperature of a beaker of reagent water

placed on each hotplatc.

I11. PROCEDURE

11.1. One time procedural variations are allowed only if deemed necessary in the professional

judgment of supervision to accommodate variation in sample matrix, radioactivity,
chemistry, sample size, or other parameters. Any variation in procedure shall be completely

documented using a Nonconformance Memo and is approved by a Technical Specialist and

QA Manager. If contractually required, the client shall be notified. The Nonconformance
Memo shall be filed in the project file.

11.2. Any unauthorized deviations from this procedure must also be documented as a

nonconformance, with a cause and corrective action described.

11.3. Al] digestion procedures must be carried out in a properly functioning hood.

11.4. All samples are to be checked out of sample control with the chain of custody
documentation filled out completely.

11.5. Proper sample identification is extremely important in any preparation procedure. Labeling

of beakers and bottles must be done in a manner to ensure connection with the proper

sample.

11 .6. Samples are typically logged in as either waters or soils. Wastes such as organic liquids or

sludges and tissues (animal/vegetable) are usually logged in with solid test codes. When

initiating prep, examine the sample to see if the sample matches the matrix designation. If

the sample is logged in as aqueous but it appears more like a waste (biphasic, sludge like,

organic liquid, lots of sediment etc.) contact the lab supervisor or project manager for

further instructions. In some cases it may be more appropriate to process these samples as

solids.
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11.7. If possible prepare all the samples of a project at the same time to minimize the QC
required and streamline the flow of the project through the lab and reporting group.

II .8. In most cases, both AA and ICP digests are required on each sample. It is recommended
that both aliquots be measured out and processed at the same time.

11 .9. Guidelines are provided in the appendices on procedures to minimize contamination of
samples and standards.

I I. 10. The following procedure must be followed for all aqueous sample preparations:

I . I10. I. Measure sample pH with pH paper on a separate aliquot of sample.

Note: If the sample pH is >2 pH units, the client must be notified of the anomaly.

Note: If sample pH has already been verified and documented iii sample receipt
this step may be omitted.

11.10.2. Mix sample by shaking thle container.

11.10.3. Measure and transfer 50 nl- or 50 g ot the sample into a beaker.

Note: This SOP allows fbr samples to be weighed instead of measured
volumnetrically.

11.10.4. Measure two extra aliqulots of samnple selected Ibr the MS/MSD analysis. Spike
each aliquot with the appropriate spiking Solutions (7.3-7.5,9.6).

11.10.5. Measure and transfbr 50 ml- of reagent water into a beaker for thle method blank.

11.10.6. Measure and transfer 50 mL of reagent water into a beaker for the LCS and add
the appropriate spiking solutions (7.3-7.5,9.6).
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1 1.1I1. Proceed to the appropriate Section for the desired method as follows:

Method 3005A or Method 200.7 Section 9.4 11.12

Method 3010OA or Method 200.7 Section 9.3 11.13

Method 3020A or Method 200.0 Section 4.1.3 11.14

Method 7060A/7740 or Method 206.2/270.2- 11.15

Method 200.0 Section 4.1.4 11.16

11 .12. Method 3005A / Method 200.7 Section 9.4 - Preparation for Total Recoverable or
Dissolved Metals Analysis by FLAA or ICP (See Figures 1, 6 and 7)

11 .12.1I. To the sample beaker, add 1 mL of concentrated HN0 3 and 2.5 mL of

concentrated HCI.

11.12.2. Cover with ribbed watch glass.

11.12.3. Heat at 95 0C (± 4) until volume is reduced to between 15 and 20 nl-.

NOTE: DO NOT ALLOW SAMPLE TO BOIL OR GO DRY. Doing so

will result in the loss of analyte and the sample must be reprepared.

11.12.4. Cool the beaker in a fuime hood.

11.12.5. Wash down beaker walls and watch glass with reagent water.

11 .12.6. Filter sample, if insoluble materials are present, through Whatman 4 filter paper

that has been pre-rinsed with dilute nitric acid.

Note: If any samples in a preparation batch are filtered, the method blank and

LCS associated with that batch must also be filtered.

Note: In place of filtering, the samples, after dilution and mixing, may be

centrifuged or allowed to settle by gravity overnight to remove insoluble

material.
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11 .12.7. Rinse beaker and filter paper with reagent water to ensure complete sample
transfer.

11.12.8. Adjust the final volume/mass to 50 mL or 50 g with reagent water. The sample
is now ready for analysis

11.13. Method 3010OA / Method 200.7 Section 9.3 - Preparation for Total Metals Analysis
by FLAA or ICP Spectroscopy (See Figures 2,6 and 7)

11.13.1. To the sample beaker, add 3.0rnL of concentrated HNO3 .

11.13.2. Cover with ribbed watch glass.

11.13.3. Place beaker on liotplate 950 C (± 4) and evaporate for 4-5 hours or to low
volume11 of 15-20 nl- while ensuring that no portion of the bottomn of the beaker
is allowed to go dry.

NOTE: DO NOT ALLOW SAMPLE TO BOIL OR GO DRY. Doing so will rnsult in
the loss of analyte and the sample must be reprepared.

11.13.4. If necessary, add another 1.5 nml portion of concentrated l-IN0 3 and re-cover
the beaker. Reflux I 5 minutes.

11.13.5. AddS nl-ofl:I HICI.

11.13.6. Cover and rcflux for an additional IS minutes to dissolve precipitate or residue.
Cool in a fumne hood.

11 .13.7. Wash down beaker walls and watch glass with reagent water.

11.13.8. Filter sample, if insoluble materials are present, through Whatmran 4 filter paper.

Note: If any samples iii the QC batch are filtecred the method blank and LCS
associated with that batch must also be filtered.

Note: In place of filtering, the samples, afler dilution and mixing, may be
centrifuged or allowed to settle by gravity overnight to remove insoluble
material.
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11 .13.9. Rinse beaker and filter paper with reagent water to ensure complete sample

transfer.

11.13.10. Adjust final volume/mass to 50 ml- or 50 g with reagent water. The sample is

now ready for analysis.

11.14. Method 3020A I Method 200.0 Section 4.1.3 - Preparation for Total Metals

Analysis by GFAA or Total Recoverable Metals by ICPMS (See Figures 3, 6 and

7)

11.14.1. To the sample beaker, add 1.5 mL of concentrated HNO 3.

11.14.2. Cover with ribbed watch glass.

11.14.3. Place beaker on hotplate 950 C (± 4) and evaporate to low volume of 15-20

ml. while ensuring that no portion of the bottom of the beaker is allowed to go

dry-

NOTE: DO NOT ALLOW SAMPLE TO BOIL OR GO DRY. Doinig so will result in

the loss of analyte and the sample must be reprepared.

11 .14.4. If necessary, add another 1.5 ml- portion of concentrated H-NO3. Recover, and
reflux 15 minutes. Cool the beaker in a flume hood.

11.14.5. Filter sample, if insoluble materials are present, through Whatman 4 filter paper.

Note: If any samples in the QC batch are filtered the method blank and LCS

associated with that batch must also be filtered.

Note: In place of filtering, the samples, after dilution and mixing, may be

centriftiged or allowed to settle by gravity overnight to remove insoluble

material.

11.14.6. Rinse beaker and filter paper with reagent water to ensure complete sample

transfer.

11 .14.7. Adjust final volume to 50 ml- with reagent water. The sample is nowiready for

analysis.

1. 15. Method 7060A/7740 and Method 206.2/270.2 - Preparation for Arsenic and

Selenium Analysis by GFAA (See Figures 4,6 and 7)
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11.15.1. To the sample beaker, add I mL of 3O % H~202 and 1.0 mL of 1: I HNO3.

11.15.2. Heat, until the digestion is complete, at 950 C (± 4) or until the volume has been
reduced to 15-20 mL.

11.15.3. Cool beaker.

11.15.4. Filter sample, if insoluble materials are present, through Whatman 4 filter paper
that has been pre-rinsed with dilute nitric acid.

Note: If any samples in the QC batch are filtered the method blank and LCS
associated with that batch must also be filtered.

Note: In place of filtering, the samples, after dilution and mixing, may be
centrifuged or allowed to settle by gravity overnight to remove insoluble
material.

11.15.5. Rinse beaker and filter paper xvitli reagent water to cnsure complete sample
transfer.

11.15.6. Adjust filial Volume to 50 mL with reagent water. Thie sample is now ready for
analysis.

11.16. Method 200.0 Section 4.1.4 - Preparation for Total Recoverable GFAA Analyses.
(See Figures 5 and 7)

11I.16.1I. To the sample beaker, add I .0 mL of 1: I FNO3.

11. 16.2. H-eat, until the digestion is complete, at 950C (± 4) or until the voIlume has been
reduced to 15 - 20 niL.

11.16.3. Cool beaker.

1116.4. Filter sample, if insoluble niaterials are present, though Whatman 4 filter paper.

Note: If any saniples in the QC batch are filtered the method blank and LCS
associated with that batch must also be filtered.

Note: In place of filtering, the samples, after dilution and mixing, flay be
centrifuged or allowed to settle by gravity overnight to remove insoluble
material.
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11 .16.5. Rinse beaker and filter paper with reagent water to ensure complete sample

transfer.

11 .16.6. Adjust final volume to 50 mL with reagent water. The sample is now ready for

analysis.

12. DATA ANALYSIS AIND CALCULATIONS

Not Applicable.

13. METHOD PERFORMANCE

13.1. Method performance is determined by the analysis of matrix spike and matrix spike

duplicate samples as well as method blanks and laboratory control samples. In general, the

matrix spike recovery should fall within +/- 20 % and the matrix spike duplicates should

compare within 20% RPD. Method blanks must meet the criteria specified in determinative

SOPs. The laboratory control samples should recover within 20% of the true value until in

house control limits are established. Acceptance criteria are given in the determinative

sops.

13.2. The initial demonstration study as detailed in Section 9.1.2 must be acceptable before the

analysis of field samples uinder this SOP may begin. The results of the initial demonstration

study may be used to extend a method for the analysis of other elements provided all

acceptance criteria are met.

13.3. Training Qualification:

The group/teamn leader has the responsibility to ensure that this procedure is performed by

an associate who has been properly trained in its use and has the required experience.

14. POLLUTION PREVENTION

14.1. This method allows for the proportional reduction of sample and reagent volumes to

decrease waste generation.

15. WASTE MANAGEMENT

15.1. Waste generated in the procedure must be segregated and disposed according to the facility

hazardous waste procedures. The facility EH & S coordinator should be contacted if
additional information is required.
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15.2. Standards should be purchased and prepared in volumes consistent with laboratory use to
minimize the volume of expired standards to be disposed.

16. REFERENCES

16.1. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3rd
Edition, Final Update]1, Revision 1, July 1992. Methods 3005A, 3010A, 3020A, 7060A
and 7740A.

16.2. Methods for the Chemical Analysis of Water and Waste (MCAWW), 1983.

16.3. CORP-MT-0001, Inductively Coupled Plasmna-Atomaic Emission Spectroscopy,
Spectrometric Method for Trace Element Analysis of Water and Wastes, Method 60 1 OA
and Method 200.7.

16.4. CORP-MT-0003, Graphite Furnace Atomic Absorption Spectroscopy, SW846 Method
7000A and MCAWW 200 Series Methods.

16.5. QA-003, STL QC Program.

16.6. QA-004, Rounding and Significant Figures.

16.7. QA-0O5, Method Detection Limits.

17. MIISCELLANEOUS (TABLES, APPENDICES, ETC.. .

1 7. I. Modifications/Interpretations from reference methods.

17.1.1. Modifications applicable to SW-846 reference methods.

17.1.1.1. Chapter 1 of SW-846 states that the method blank should not contain
any analyte of interest at or above the MDL. This SOP states that the
method blank must not contain any analyte of interest at or above the
reporting limit. Common lab contaminants are allowed up to two times
thre rrporting limit in the blanik Ib~llowing con1sultation with the client.

17.1.1.2. The referenced methods ais well as Table 3-I of SW-846 refer to the
use of a I100 mL aliquot for digestion. This SOP requires the use of a 50
nl- sample size to reduce waste generation. Thre use ol'reduiced sample
Volumes are supported in EPA's documentu "Response to Public
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Comments Background Document, Promulgation of the Second Update

to SW-846, Third Edition" dated November 3, 1994. This document
stated "flexibility to alter digestion volumes is addressed and "allowed"

by the table (3-1) and is also inherently allowed by specific digestion
methods. Table 3-1 is only to be used as guidance when collecting

samples..." EMSL-Ci has also taken the stance that "reduction in
sample size and appropriate corresponding reduction in sample volume is

not considered a significant change in the methodology." Additionally, mn
written correspondence fromt the Office of Solid Waste, Olliver Fordhamn

stated " As a "representative sample" can be assured, scaling causes no

loss of precision and accuracy in the analysis."

17.1.2. Modifications Specific to Method 3010A

17.1.2.1. Section 11. 13.7 of this SOP requires the sample be reduced to a

volume of 15 - 20 mL. Section 7.2 of Method 3010OA states the
volume should be reduced to 3 mL but also states that no portion of
the bottom of the beaker should go dry. The SOP required volume is

a closcr approximation of the volume required to provide an adequate

covering of the beaker so as to prevent the loss of critical analytes
through volatilization.

17.1.2.2. The scope of 30 IOA has been expanded to include silver based on
companison studies with 7760A. Method 300A consistently
demonstrated improved accuracy and precision over Method 7760A
in the matrices tested (reagent water, surface water and TCLP

leachate) up to a concentration of 1 ppm silver.

17.1.3. Modifications Specific to Method 3020A

17.1.3.1. Section 11.14.3 of this SOP requires the sample be reduced to a
volume of 15 -20 mL. Section 7.2 of Method 3010OA states the
volume should be reduced to 3 mL but also states that no portion of

the bottom of the beaker should go dry. The SOP required volume is
a closer approximation of the volume required to provide an adequate
covering of the beaker so as to prevent the loss of critical analytes
through volatilization.



8 77171J5
ACID DIGESTION OF AQUEOUS SAMPLES BY SW846 AND SOP No. CORP-IP-00O3NC
MCAWW 200 SERIES METHODS Revision No. 1.4

Revision Date: 02/19/03
APPENDIX A - TABLES Page 22 of 37

17.1.4. Modifications Specific to Method 7060A/7740

I17. 1.4. 1. Methods 7060A and 7740A incorporate the use of a two step dilution
to accommodate the addition of a nickel nitrate modifier. This SOP
performs the dilution directly in one step and omits the addition of the
modifier. The modifier is added automatically at the instrument by
direct injection into the furnace.

17.1.5. Modifications Specific to MCAWW Methods

It was determined by technical review that several of the MCAWW methods
were equivalent to the SW-846 methods and therefore were combined under the
scope of this SOP as described in Section I11.0. The nature of the differences
were dcemed insignificant iii regards to the amount of acid added and the
evaporative volume based on the flexibility allowed by the methods (i.e., add
additional acid as required) and the Subjective wording offthe methods (i.e.,
evaporate to near dryness vs. an exact volume).

17.2. Modilications from previous SOP

1 7.2. 1. Added 1CP/MS to the digestion procedures.

17.3. Facility Specific SOPs

Each facility shall attach a list oflfacility specific SOPs or approved attachments (if
applicable) which are required to implement this SOP or which are used inl conjUnction with
this SOP. If no facility specific SOPs or amendments are to be attached, a statement must
be attached specifying that there are none. Refer to the Appendices for any facility specific
inflonnation required to Support this SOP.

17.4. Documentation and Record Management

The preparation benclisheet should, at a mlinlimuml1, include the following inforniation:

Pi Prpa ration date, a nalIyst namec, mnatrix, prep) type (IC CP or (1FA A), SOP referencce.

*Sample ID; initial weight/volumec and final weight/volumne.

* Standards Documentation (sourtre, lot, prep date, vol rme added).

* Analyst SignatureC.

* Reviewer's Signature ann date.
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Figure 1. Method 3005A / Method 200.7 Section 9.4 (Section 11.12)
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Figure 2. Method 3010A/ Method 200.7 Section 9.3 (Section 11.13)
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Figure 3. Method 3020A IMethod 200.0 Section 4.1.3 (Section 11.14)
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Figure 4. Method 7060A/7740A and Method 206.2/270.2 (Section 11.15)
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Figure 5. Method 200.0 Section 4.1.4 (Section 11.16)
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Figure 6. Overview of SW846 Aqueous Preparation Methods by Determinative Method

GFAA
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Figure 7. Overview of MCAWW Aqueous Preparation Methods by Determinative Technique

GFAA

As, Se ~~Pb, TI, Sb, Ag, Ba, Pb, TI, Sb, Ag, Ba,
Be, Cd, Cr, Go, Cu, Be, Cd, Cr, Ca, Cu,

Mo, Mn, Ni, V Mo, Mn, Ni, V

TAL list: Al, Sb, As, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Ni, K, Se, Ag, Na, TI, V, Zn
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TABLE I. Approved Preparation Method Analyte - SW846 __ ___

I7060A

ELEMENT Symbol CAS Number 3005A 3010A 3020A 7740

Alumiunu Al 7429-90-5 X X _ __

Antimony Sb 7440-36-0 X

Arsenic As 7440-38-2 X X X

Barium Ba 7440-39-3 X X

Beryllium Be 7440-41-7 X X X

Cadmium Cd 7440-43-9 X X X

Calcium Ca 7440-70-2 X X ___

Chromium Cr 7440-47-3 X X X

Cobalt Co 7440-48-4 XX X

Copper Cu 7440-50-8 X X __ ___

Iron Fe 7439-89-6 X X __ ___

Lead Pb 7439-92-1 X X X ___

Magnesium Mg 7439-95-4 X X

Manganese Mn 7439-96-5 X X

Molybdenum MO 7439-98-7 X X X

Nickel Ni 7440-02-0 X X

Potassium K 7440-09-7 X X

Selenium SC 7782-49-2 X X X

Silver Ag 7440-22-4 X X ___

Sodium Na 7440-23-5 X X ___

Thallium TI 7440-28-0 X X X

Vanadium V 7440-62-2 X X X

Zinc Zn 7440-66-6 X X __ ___

X - Designates that the preparation method is approved for an element

Note: Additional elements may be analyzed following digestion by these protocols provided the method

performance criteria specified in Section 13.0 of the SOP arc met.
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TABLE II. Aproved PeatinMethodAnalytes - NPDES ___

200.7 200.7 200.0 200.0 206.2
ELEMENT Symbol GAS Number (9.4) (9.3) (4.1.4) (4.1.3) 270.2

Alumninum Al 7429-90-5 X X
Antimony Sb 7440-36-0 X X X X ___

Arsenic As 7440-38-2 X X ____X

Boron B 7440-42-8 X X ___

Bariu Ba 7440-39-3 X X X X
Be~ryfi.11 Be 7440-41-7 X X X X
Cadmiumli Cd 7440-43-9 X X X X
Calcium Ca 7440-70-2 X X ___

Chromium Cr 7440-47-3 X X X X
Cobalt Co 7440-48-4 X X X X
Coppe fr Cu 7440-50-8 X X X X
Ir-on Fe 7439-89-6 X X X X ___

Lead Pb 7439-92-t X X X X
Magnesium Mg 7439-95-4 X X
Manganese Mn 7439-96-5 X X X X
Molybdenum11 MO 7439-98-7 X X X X
Nickel Ni 7440-02-0 X X X X
Potassium11 K 7440-09-7 X X
Selenium11 SC 7782-49-2 X X X
Silicon Si 7631-86-9 X X
Silver Ag 7440-22-4 X X X X ___

Sodium~ Na 7440-23-5 X X
ThallIu TI 7440-28-0 X X X X ___

Vanadium1 V 7440-62-2 XX X X ___

Zinc Zn 7440 -6- X- ___

X - Designates that the preparation method is approved for an elemenit

Note: Additional elements may be analyzed following digestion by these protocols provided the method
perflorniance criteria specified in Section 13.0 of the SOP are mect.
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TABLE III. ICP and FLAA Matrix Spike and Aqueous Laboratory Control Sample Levels

IWorking LCS/MS Aqueous LCS/ MS

ELEMENT Standard (mgfL) Level * (ugh1)

Aluminum 100 2000

Antimony 25 500

Arsenic 100 2000

Barium 100 2000

Beryllium 2.5 50

Cadmium 2.5 50

Calcium 2T500 50000

Chromium t0 200

Cobalt 25 500

Copper 12 5 250

Iron 50 1000

Lead 50 500

Magnesium 2500 50000

Mangans 25 500

Molybdenum 50 1000

Nickel 25 500

Phosphorous ~500 10000

Potassium 2500 50000

Selenium 100 2000

Silver 2.5 50

-Sodium 2500 50000

Thallium 10I 60 2000

Vanadium 25 500

Zinc 25 500

Boron 50 1000

Tin 100 2000

Titanium 50 1000

*Levels shown indicate the spike concentration in the final digestate of the aqueous LCS or matrix

spike based on the addition of 1.0 mL working spike (7.3) to 50 mTL of sample.
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TABLE IV. GFAA Matrix Spike and Aqueous LCS Spike Levels

Stock LCS/MS Working Aqueous LCS/
ELEMENT Standard (mgIL) LCS/MS MS Level * (ug/1)

_____ ____ ____ Standard (ug/L)

Arsenic 400 2000 40

Selenium 400 2000 40

Lead 400 2000 40

Thalliumn 400 2000 40

Antimony 400 2000 40

CadmilUm 40 200 4

C1101hromum I00 500 1 0

Silver 50 250 5

*Levels shown indicate the spike concentration in the final digestate of the aqueous LCS or matrix spike
based on the addition or 1.0 mLt working spike (7.4) to 50 muL of samlple.

TABLE V. TCLP Reporting Limits, Regulatory Limits and Matrix Spike Levels

ELEMENT RL (Llg/L) Regulatoty Limit (U~g/L) Spike Level (ug/L)*
Arsenic 500 5000 5000
Barium 10000 100000 50000

Cadmhium 100 1000 1000
Chromiumn 500 5000 5000

Lead 500 5000 5000
SeleniL1m1 250 1000 1000

Silver 500 5000 1000

*Levels shown indicate the spike concentration in the final digestate of the aqueous LCS or mnatrix spike
based on the addition of 0.5 nil- working spike (7.4) to 50 mLt of sample
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TABLE VI. Summary of Quality Control Requirements

QC PARAMETER FREQUENCY ACCEPTANCE CRITERIA CORRECTIVE
ACTION

Method Blank One per sample Refer to determinative SOPs: Redigest and reanalyze

preparation batch of NC-MT-0002 samples associated with

up to 20 samples. CORP-MT-000 I the method blank.
CORP-MT-0003

Laboratory Control One per sample Refer to determinative SOPs: Redigest and reanalyze

Sample (LCS) preparation batch of NC-MT-0002 all samples associated
up to 20 samples. CORP-MT-0001 with the LCS.

_____________ CORP-MT-0003

Matrix Spike One per sample Refer to determinative SOPs: Reprep not required
preparation batch of NC-MT-0002 unless preparation curor

up to 20 samples. CORP-MT-0001 suspected.
CORP-MT-0003 ___ _____

Matrix Spike See MAatrix Spike Refer to determinative SOPs: See Corrective Action

Duplicate NC-MT-0002 for Matrix Spike.
CORP-MT-0001I
CORP-MT-0003 _________
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APPENDIX B. CONTAMINATION CONTROL GUIDELINES

The following procedures are strongly recommended to prevent contamination:

All work areas used to prepare standards and spikes should be cleaned before and after

each use.

All glassware should be washed with detergent and tap water and rinsed with 1:1I nitric acid

followed by deionized water.

Proper laboratory housekeeping is essential in the reduction of contamination in the metals

laboratory. All work areas must be kept scrupulously clean.

Powdered or Latex Gloves must not be used in the metals laboratory since the powder

contains silica and zinc, as well as other metallic analytes. Only vinyl or nitrile gloves should

be used in the metals laboratory.

Glassware should be periodically checked for cracks and etches and discarded if found.

Etched glassware can cause cross contamination of any metallic analytes.

Autosampler trays should be covered to reduce the possibility of contamination. Trace

levels of elements being analyzed in the samples can be easily contaminiated by dust particles

in the laboratory.

The following are helpful hints in the identification of the source of contaminants:

Reagents or standards can contain contaminants or be contaminated with the improper use

of a pipctte.

Improper cleaning of glassware can cause contamination.

Separate glassware if an unusually high sample is analyzed and soak with sulfuiric acid prior to routine

cleaning.
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1. SCOPE AND APPLICATION

1. 1. This method is applicable to the preparation of water samples and analysis of the
prepared headspace to quantify pant-per-million to percent levels of dissolved gases
in the water sample. Although this method is specifically for the determination of
Methane, Ethane, and Ethene, it may also be modified for Nitrogen, Oxygen, Carbon
Dioxide, and Carbon Monoxide. This procedure is based on a non-promulgated
method, EPA RSKSOP 175.

1.2. This method is restricted to use by or under the supervision of analysts experienced
in sample preparation and in the use of gas chromatography and the interpretation of
chrom ato grams

2. SUMMARY OF METHOD

2.1. A water sample is collected in a 40m1 Voa vial, free of headspace, and capped using
a Teflon-faced septum and crimp or screw-on cap, or equivalent, of the appropriate
size to fit the bottle.

2.2. A headspace is generated in the laboratory by replacing 1 0 percent of the water
sample with high purity Helium.

2.3. The sample bottle is agitated for 5 minutes and a sample is taken of the headspace
and injected onto a gas chromatographic system where the gaseous components ofinterest are separated and detected by flame ionization detector or thermal
conductivity detector.

2.4. By using Henry's Law, the headspace concentration of the gas, the bottle volume
and the temperature of the sample, the concentration of the dissolved gas in the
original water sample can be determined.

3. DEFINITIONS

3.1. Batch - An Analytical Batch is defined as a set of up to 20 client samples of the same
matrix processed using the same procedures and reagents within the same time
period. A batch must contain a Laboratory Control Sample (LCS), a Laboratory
Control Sample Duplicate (LCSD), and a Method Bank. Using this method, the first
CCV analysis will normally start a new analytical batch.

3.2. The Quality Control Batch must contain a Laboratory Control Sample (LCS), a
Laboratory Control Sample Duplicate (LCSD) and a Method Bank.
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3.3. Method Blank - A Method Blank consisting of all reagents added to the samples
must be analyzed with each batch of samples. The Method Blank is used to identify
any background interference or contamination of the analytical system that may lead
to the reporting of elevated concentration levels or false positive data.

3.4. Laboratory Control Samples (LCS/LCSD) - Laboratory Control Samples are
laboratory-generated samples used to monitor the laboratory's day-to-day
performance. The LCS, spiked with a group of target compounds representative of
the method analytes, is used to monitor the accuracy of the analytical process,
independent of matrix effects. Ongoing monitoring of the LCS results provides
evidence that the laboratory is performing the method within accepted QC guidelines
for accuracy and precision.

3.5. Method Detection Limits - The Method Detection Limit (MDL) is defined as the
minimum concentration of a substance that can be measured and reported with 99%
confidence that the analyte concentration is greater than zero and is determined from
seven replicate analysis of low level standards in a typical representative matrix.

3.6. Ambient Air (Room Air) - "Room air" is defined as containing 78.08% v/v
Nitrogen, 20.946% v/v Oxygen, and 0.934% v/v Argon.

4. INTERFERENCES

4.1. This system is relatively free of interferences due to specificity of the multiple
columns used and the back-flush capabilities of the system. Compounds of interest
are well separated and there are no major baseline upsets at expected retention times
to complicate correct peak integration.

4.2. Ambient air (in the laboratory) contains approximately 400ppmv Carbon Dioxide
and several ppmv of Methane. These concentrations should be considered variable
and be taken into consideration whenever "room air" is used as a standard.

4.3. Argon naturally occurs in ambient air at 0.934 percent, and co-elutes with Oxygen.

4.4. The referenced methods note that water vapor can interfere with the chromatic
baseline. STL Los Angeles' choice of columns and back-flush technique after
elution of target compounds minimizes this problem.

4.5. Hydrochloric Acid used for preservation of the samples has been shown to
contribute to the Carbon Dioxide result, either through chemical interaction with the
sample or from Carbon Dioxide contained in the HCL. Ideally, samples analyzed
for Carbon Dioxide should be unpreserved.
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4.6. This method is dependent on sample volumes, so final results are affected by
samples containing large amounts of sediment or solid material.

5. SAFETY

5.1. Procedures shall be carried out in a manner that protects the health and safety of all
STL associates.

5.2. Eye protection that satisfies ANSI Z87.1 (as per the Corporate Safety Manual),
laboratory coat and appropriate gloves must be worn while samples, standards,
solvents and reagents are being handled. Employees must abide by the policies and
procedures in the Corporate Safety Manual, Lab Specific Addendum to the CSM,
and this document.

5.3. Specific Safety Concerns and Requirements

5.3.1. MAPA Blue Grip gloves should be worn when handling the VOA vials.

5.3.2 Hydrogen is flammable

5.3.3 All safety issues involving compressed gas cylinders should be followed. All
compressed gas cylinders must be securely fastened to a bench or wall.

5.3.4 Tedlar bags may be used for standard preparation. These must be handled
with care and must not be over pressurized to prevent them from rupturing.
Make sure the valves are closed tightly when not in use.

5.3.5 The preparation of standards and reagents will be conducted in a fume hood
with the sash closed as far as the operation will permit

5.4. Primary Materials Used

5.4.1. The health and safety hazards of many of the chemicals used in this
procedure have not been fully defined. Additional health and safety
information can be obtained from the Material Safety Data Sheets (MSDSs)
maintained in the laboratory. Analysts and Technicians need to be familiar
with the information contained in the applicable MSDS's before beginning
work on this method. The following specific hazards are known:
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Material (1) Hazards OSHA Sips and symptoms of exposurelUnusual Hazards
Exposure
Lim it (2) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Hydrochloric Corrosive 5 ppm- Inhalation of vapors can cause coughing, choking,
Acid Poison Ceiling inflammation of the nose, throat, and upper respiratory tract,

and in severe cases, pulmonary edema, circulatory failure, and
death. Can cause redness, pain, and severe skin burns. Vapors
are irritating and may cause damage to the eyes. Contact may

_________cause severe burns and permanent eye damage.

5.5. Exposure to chemicals must be maintained as low as reasonably achievable,
therefore, unless they are known to be non-hazardous, all samples must be opened,
transferred and prepared in a fume hood, or under other means of mechanical
ventilation. Solvent and waste containers will be kept closed unless transfers are
being made.

5.6. All work must be stopped in the event of a known or potential compromise to the
health and safety of a STL associate. The situation must be reported immediately to
a Supervisor

6. EQUIPMENT AND SUPPLIES

6.1. Gas Chromatograph - capable of temperature programming for the oven and
automatic multiple valve control, and equipped with thermal conductivity and flame
ionization detectors (Varian 3400)

6.2. Custom valving and reduction catalyst housing (Valco Instruments and Lotus
Consulting)

6.3. Tube oven for oxidation catalyst capable of 600 degrees C (Lindberg or equivalent)

6.4. Chromatographic grade stainless steel tubing and stainless steel plumbing fittings

6.5. Stainless steel chromatographic columns - Tenax 1/8" x 4', Chromasorb 106 1/8" x
6', Mol Seive 5A 1/8 x 7' (Supleco, Inc.)

6.6. An assortment of gas tight syringes from 0.1I ml to 1.0 liter volume - for standard
preparation and sample injection (Hamilton Syringe or equivalent)
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6.7. Pressure regulators for carrier gas, flame ionization detectors and standards - 2 stage,
stainless steel diaphragm

6.8. Tedlar Bags in 1 or 3 liter sizes (SKC or equivalent).

6.9. Automated data systems capable of archiving instruments runs (Varian d-654, PE
Nelson Turbochrom, or equivalent).

7. REAGENTS AND STANDARDS

7.1. High purity Helium for carrier gas, standard preparation, making dilutions, and

purging blank water

7.2. Compressed Air for valve actuation

7.3. High purity Hydrogen for the Flame Ionization Detector

7.4. High purity Air for the Flame Ionization Detector

7.5. Prepared calibration standards. Standards are avaiable at various concentrations
commercially and are analytically certified by the supplier (Scott Specialty or
equivalent).

7.6. Pure cylinders of Nitrogen, Carbon Dioxide, and Methane Room air can be used for
the source of Oxygen/Argon, and also for Nitrogen at or below 78%.

7.7. Working standards. Standards are prepared at appropriate levels by making dilutions
of the pure and prepared standards in Nitrogen using syringes and Tedlar Bags
and/or pressure gauges in Surnma or Silco canisters.

7.8. Reagent grade (distilled) water for blank preparation.

7.9. Reagent grade Hydrochloric Acid (1: 1) for sample preservation (if required) and
preserved blank preparation.

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1. Water samples should be collected in the field or prepared in the lab by placing the
water in a 40m1 VOA vial. There should be no headspace present in the vial.
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8.2. Add the water dawn the side of the bottle so as not to agitate or contaminate the
sample. Fill to the top and cap using a Teflon-faced rubber septum and appropriate
size crimp or screw-on cap. Care should be taken to eliminate or reduce the
formation of bubbles.

8.3. Field samples should be fixed with 1:1I Hydrochloric Acid to a pH less than 2 before
they are capped. Pre-preserved Voa vials may be used.

NOTE: DO NOT ADD ACID IF CARBON DIOXIDE IS TO BE DETERMINED,
since it may convert inorganic carbon to carbon dioxide. The use of unpreserved
Voa vials is recommended.

8.4. STL Los Angeles observes a holding-time of 14 days from the date of collection
whether there is preservative added or not.

8.5. Samples must be stored at 40C ± 20C

9. QUALITY CONTROL

9.1. Initial Demonstration of Method Capability

9.1.1. Method Detection Limit (MDL) - A MDL must be detennined prior to the
analysis of any samples. The MDL is detennined using seven replicates that
have been spiked with the analyte of interest. These spiked replicates must be
carried through the entire analytical procedure. MDL's must be determined
and verified on an annual basis. The spike level must be between the
calculated MDL and l Ox the MDL to be valid. The result of the MDL
determination must be below the reporting limit.

9.1.2. Demonstration of Capability (DOC) Study - Replicate LCS analysis. At the
initiation of this method, four replicates of the LCS must be analyzed and
evaluated to determine method accuracy and precision and the middle portion
of the linear dynamic range. Results of the initial demonstration study must
be acceptable before the analysis of samples may proceed. Annual DOC's arc
done to assure continued proficiency in the method for an analyst.

9.1.3. The department manager is responsible for ensuring that this procedure is
performed by an analyst who has been properly trained and has the required
experience.
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9.2. Control Limits

9.2.1. When available, in-house historical control limits must be used for Laboratory
Control Samples (LCS). These limits must be determined annually at a
minimum. The recovery limits are determined as the mean recovery, ± 3
standard deviations far the LCS. Default limits are, at a minimum, 50% to 150%
for recovery and 20% for the RPD between the LCS and the LCSD. In-house
control limits may be tighter than the default limits.

9.3. Quality Control Batch

9.3.1. The QC batch is a set of up to 20 client samples of the same matrix processed
using the same procedures and reagents within the same time period. The batch
also must contain an LCS/LCSD pair and a method blank. Laboratory generated
QC samples or instrument QC (MB, LCS/LCSD pair, calibration standards,
ICV's and CCV's) do not count towards the maximum 20 samples in a batch.
Field QC samples are included in the batch count.

9.4. Method Blanks

9.4.1. For each batch of up to 20 client samples, analyze a method blank consisting of
Helium-purged reagent grade water with headspace prepared identically to the
samples. The method blank is analyzed after the calibration standards, normally
before any samples.

Target analytes in the method blank must not exceed the reporting limit.

9.4.2. If there is no target analyte greater than the reporting limit (RL) in the samples
associated with an unacceptable MB, the data may be reported with qualifiers.
Such action should be done in consultation with the client and a NCM filed.

9.5. Laboratory Control Samples (LCS)

9.5.1. For each batch of samples, analyze an LCSILCSD pair. The pair is analyzed after
the calibration standard, and normally before any samples. The LCS contains al
the analytes of interest in the mid-range of the calibration. If any analyte is
outside established control limits, the system is out of control and corrective
action must occur. Corrective action will normally include either the re-prep
and/or reanalysis of the LCS, and sample reanalysis if there are samples that
apply to the failed QC batch.
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9.5.2. If the batch is not re-analyzed, the reasons for accepting the batch must be clearly
presented in the project records, NCM and the report narrative.

• If reanalysis of the batch is not possible the LCS is reported, all associated
samples are flagged, and appropriate comments are made in a narrative to
provide further documentation.

* If any analyte in the LCS exceeds the upper control limit and that analyte is
not detected in the sample, then no corrective action is required. Document
in an NCM.

10. CALIBRATION AND STANDARDIZATION

10. 1. Standard Preparation

1 0. 1.1. Standards are prepared in Tedlar Bags and/or Summa or Silco canisters using
certified standards and static dilution techniques. Nitrogen is the diluent gas of
choice.

10.2. Calibration and Verification

10.2. 1. An initial calibration curve (ICAL) consisting of 5 points is run to determine the
liear working range of the system for each compound. The low point should be
at or below the reporting limit. A relative standard deviation (RSD) is calculated
for each target analyte response factor using the calculation in Section 12. Each
ICAL must have a %RSD less than 25% for each compound prior to analysis of
samples.

10.2.2. Continuing Calibration Verification (CCV) standards for al target analytes are
analyzed at a frequency of every 24 hours or 20 reportable continuously injected
client samples, whichever is more frequent. Standards are prepared in Tedlar
Bags using static dilution techniques and appropriate levels of gas standards
certified by an outside supplier. Room air may be used for Nitrogen and
Oxygen/Argon calibration. All target analyte RF's must be within 25%/D of the
initial calibration average RF's. Corrective action includes re-preparation and
re-analysis of the standard, instrument maintenance and generation of a new
initial calibration.

10.2.3. Once the above criteria have been met, sample analysis may begin. A closing
CCV shall be injected if the sample batch cannot be finalized within the
continuous injection period as defined above.
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10.2.4. If sample analysis must be halted for mare tha an eight (8) hour period then an
opening CCV must be analyzed to ensure that instrumentation conditions have
remained stable.

10.2.4.1. If the opening CCV passes then sample analysis may proceed.

10.2.4.2. If the initial CCV fails, re-inject a second CCV. If the second CCV
passes, analysis may proceed. If it fails, conduct maintenance and re-
calibrate the instrument. Document the failure in the run log.

10.2.4.3. If the CCV's indicate valid instrument conditions, then the batch QC
can be used for the data generated on two separate days.

11. PROCEDURE

11.1. One time procedural variations are allowed only if deemed necessary in the professional
judgment of supervision to accommodate variation in sample matrix, radioactivity,
chemistry, sample size, or other parameters. Any variation in procedure shall be
completely documented using a Nonconformance Memo and is approved by a Technical
Specialist and/or QA Manager. If contractually required, the client shall be notified.
The Nonconformance Memo shall be filed in the project file.

11.1. Sample Analysis Procedure

I1I.1.1. IO C parameters, nominal sample and QC volume, and sample temperature
conditions are listed in Section 17.2.

1 1. 1.2. All samples must be analyzed as part of a batch.

1. 1.3. It is not necessary to reanalyze batch QC with reanalysis of samples. However,
any reanalysis of samples must be associated with valid instrument QC.

1. 1.4. Remove Voa's from refrigerator and allow to come to room temperature. Voa's
should be at ambient temperature before they are extracted. Elevated sample
temperatures are to be avoided, as they will affect sample results.

11.1.5. Fill a clean gas-tight syringe with a volume of contaminant-free Helium equal to
10% of the volume of the sample container. A standard 40m1 VOA vial has been
found to contain 43.5ml. Typically 4.4m1 of sample is removed and replaced
with Helium. Insert the needle of this syringe and another, empty gas-tight
syringe through the septum of the sample container.
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11.1.6. Slowly inject the Helium into the sample container while removing an equivalent
volume of water with the other syringe.

11. 1.7. Remove both syringes and agitate the bottle on a vortex for 5 minutes. Caution:
excessive handling of the sample should he avoided, as this will raise the
temperature of the sample.

1. 1.7. 1. If a vortex or automated shaker is not available, manual shaking can be
used. The analyst must limit hand contact with the Voa, such as, only
holding the ends of the vial with the fingertips.

1. 1.8. After agitating the sample, use a 500pl gas-tight syringe to remove a 3001±L
aliquot of headspace sample. Inject the syringe's contents into the GC.

12. DATA ANALYSIS AND CALCULATIONS

12.1I. Qualitative Identification

12. 1. 1. Retention time windows are set at +/- 0. 5 minutes of the expected retention time
as referenced to the CCV values. The reference method for RSK- 175 does not
address this issue.

12.2. Quantitative Analysis

12.2. 1. The target analyte quantity is calculated by dividing the peak area of the target
analyte by the average response factor of the ICAL, and applying any dilution
factor generated, taking into account static dilutions and/or injection volumes.

12.2.2. The headspace concentration is calibrated and calculated as volume/volume
(either %/v/v or ppmv/v) and then used in the Henry's Law equation in section
12.4 to determine the concentration in water.

12.3. Calculations

12.3. 1. The Turbochromn data system automatically quantitates the sample results based
on a predetermined sample size. The results are in ppmv/v from the FID and
%v/v from the TCD. The sample size is nominally 0.30 ml.
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12.3.2. Calculation for Percent Relative Standard Deviation (%RSD):

%RSD = Std Dev of RE's/Mean of RF's X 100

12.3.3. Calculation for Percent Difference (%D):

% D = [(RE cpd CCV - ave. RE cpd ICAL)/ave. RE cpd ICAL ]X 100

12.3.4. Calculation for Determining Concentration of Compounds in Headspace

Conc. Cpd = Area Cpd/ave. RE Cpd X DF

12.3.5. Calculation for Percent Recovery (%Rec):

% Rec = (Amount Cpd recovered/Amount Cpd Spiked) X 100

12.3.6. Calculation for Relative Percent Difference (RPD):

RPD= IValue A -Value BI/Average of Values X 100

12.3.7. Calculation of Decimal Fraction p.

P8 ppmv/V X 10t6=%V/V X 10.2

12.4. The following parameters are needed to perform Henry's Law calculations:

pg= headspace concentration of analyte in decimal fraction, eg. IlOppm =0.00001I

H = Henry's Law Constant

ST = temperature of the sample (assumed to be standard temp. 298 0K)
by = volume of sample bottle

hv = headspace volume

1) pg = result in ppmv divided by 1000000 or result in %v/v divided by 100

2) equilibrium mole fraction of the dissolved gas, xg = pg/H

where H= Henry's Law Constant for the gas

3) Let ng = moles analyte and n. = moles water

Then xg = ng / (ng + n.) and ng = xg (ng + n.)
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If', flg * Xg « flg,

Then, flg = xg *n. or flg = nlw (pg/H)

Therefore; flg /V = n. I V (pg/H)

4) One liter of water is 55.5 g-moles,

ng /V =55.5 /L (pg/H)

5) Saturation concentration of the gas,

C = (ng/V) (MW) (1 000 mg/g)

where MW = molecular weight of the analyte

6) Density calculation

p = (MW) / (22.4 I/mole) (ST in OK /273 OK)

where: p =density

ST sample temperature

7) v =(bvmi - hvmis ) (L/l00Ormls)

where: by bottle volume
by = headspace volume

Then:

8) Ah,= hvmis * Pg

where Ah,= ml of analyte in headspace

then liquid phase analyte (Al) is

Al (AhJ(v))( pg)(IlOOO mglg)(lL/lOO00ml)

Them: TC=A, +C

Where: TC = Total Concentration of analyte in the original sample
Al1 liquid phase analyte
C = saturation concentration

The result will be in units of milligrams of gas per liter of water
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12.5. Example Calculation:

pg= 0.001 8 (1800 ppmv/v) methane

Henry's Law Constant, H=4.13e4 for Methane

Sample Temperature 25 C (298 K)

Bottle Volume 60 ml

Headspace volume 6 ml

Using equation 2, xg = 0.00 18/4.l3e4 or 4.358e-8 mole Cl-b

Using equation 4 and the value above,

n8 NV (55.5)(4.358e-8) or 2.42e-6 moles Cl-4 per liter of water.

p = (l6g/mole)/((22.4 l/mole)(298/273)) = 0.654 g Clh4 / liter H20

bv =60 m1 and hv = 6ml, v =(60 ml - 6.0 ml)(IL/1000 ml) =0.054 L

Ah= 6 ml, 0.0018 = 0.0108 ml CH4

Al = (0.0108 ml / 0.054 L)(0.654 gfL)(IL / 1000 ml) (1000 mglg)

Al = 0. 1308 mg Clh4 / liter 1120

Then TC = Al +C =0.038 mg/L +0. 131 mg/L = 0. 169 mg /liter H2 0

13. REPORTING

13. 1. Reporting Limits can be found in Section 18.5

13.2. Reporting Results

13.2. 1. Estimates of uncertainty are based on historical control limits forthe LCS.
These limits can be provided when requested.

13.1. Naoconversion of the analytical results to the standard conditions is made.
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14. METHOD PERFORMANCE

14. 1. Method performance is controlled through the measurement of accuracy and precision.
Analysis of a LCS and a LCSD are performed to measure both accuracy and precision.
The control limits established for the LCS and LCSD are used to maintain method
performance within a well-defined set of criteria.

15. WASTE MANAGEMENT AND POLLUTION PREVENTION

15.1. All waste will be disposed of in accordance with Federal, State and Local regulations.
Where reasonably feasible, technological changes have been implemented to minimize
the potential for pollution of the environment. Employees will abide by, and this
method is set up in accordance with, section 13 of the Corporate Safety Manual for
"Waste Management and Pollution Prevention".

15.2. Waste Streams produced by this method.

15.2. 1. Expired Standards - these are identified as expired, stored under
manufacturer's recommended conditions and then lab packed for disposal.

15.2.2. Expired gas cylinders are emptied and returned tothe manufacturer.

15.2.3. Sample Voa vials - maintained under refrigeration and then transferred to 55
gallon drums in the 90 day area.

16. REFERENCES
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Water by GC Headspace Equilibration Technique, International Journal of
Environmental Analytical Chemistr, Volume 36, pp. 249-257, 1991.
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16.5. 1. Varian manual 3400 OC

16.5.2. PE Nelson Turbochrom manual

17. MISCELLANEOUS (TABLES, APPENDICES, ETC...)

17.1. Table I - Variables used in normal calculations

17.2. Table 2 - GC Conditions: Varian 3400

17.3. Table 3 - CCV and LCS Nominal Concentrations

17.4. Table 4 - Nominal ICAL Concentrations

17.5. Table 5 - Reporting Limits and Default Control Criteria

Table 1 - Variables used in normal calculations

Variable Value Units
Temperature 298
Volume 40 ml VOA vial (by) 43.5 ml
Volume headspace generated (hv)- 4.4 ml
MW Methane 16 g/mole
MW Ethane 30 glmole
MW Ethylene 28 g/mole
MW Carbon dioxide 44 g/mole
MW Oxygen 32 glmole
MW Nitrogen 28 glmole
MW Carbon Monoxide (25 deg C) 28 glmole
Henry's Const. Methane (25 deg C) 4.13e+4 none
Henry's Const. Ethane (25 deg C) 3.02e+4 none
Henr's Const. Ethylene (25deg C) 1. 14e+4 none
Henry's Const. Carbon dioxide (25 deg C) 1.64e+3 non
Henr's Const. Oxygen (25 deg C) 4.38e+4 none
Henry's Const Nitrogen (25 deg C) 8.65et4 none
Henry's Const. Carbon Monoxide (25 deg C) 5.80e+4 none
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Table 2 - GC Conditions: Varian 3400

Initial Column Temp 65 Det B range (init) 1 2

Hold min-T 5.1 D5e-tB autozero yes

Prog 1 Temp 100 Det Brange at time 0.01I mmi 11I no AIZ

Prog I rate deg/min 35 e-t B range at time 5.0 min 12 no A/Z

-prog 1 hold min1. A/S vial mode off

lnj temp 100 Wait for ready yes

Aux. Temp. (FID and reduction catalys~t) 380 Initial Relays -1-2-3-4

Detector temp (TCD) 150 Relays 0.01I min +2

Det A range 0.50 Relays 2.85 tmm my vry +3

Det A autozero ys Relays 8.00 min -2

Det A filament temp 20 Relays 12.00 min -3

Det A polarity positive no External Ox catalyst oven 550

FDet A time program no _____________

Table 3 - CCV and LCS Nominal Concentrations

Coinpound CCV Concentration LCS Concentration

Carbon Dioxide (TCD) 2.0 %v/v 1.0% v/v

Oxygen (TCD) 5.0% v/v 2.188 %v/v (10 % v/v air)

Nitrogen (TCD) 20.0% v/v 788%v(1% v/v air)

Methane (TCD) 2.0 %v/v --

Carbon Dioxide (FID) 1,000 ppm v/v 10,000 ppm v/v

Ethylene (FID) 1 00 ppmn v/v 500 ppm v/v

Ethane (FID) 100 ppm v/v 500 ppm v/v

Methane (FID) 100 ppm v/v 500 ppm v/v

Carbon Monoxide (FID) 100 ppm v/v 500 ppmn v/v
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Table 4 - Nominal ICAIL Concentrations

Compound Level Level Level Level Level Level
1 2 3 4 5 6

Carbon Dioxide (TCD) %v/v 0.10 0.50 1.0 2.0 10.0 50
Oxygen (TCD) %v/v 0.219 1.09 2.19 10.9 21.88 --

Nitrogen (TCD) %v/v 0.780 3.90 7.81 39.0 78.08 --

Methane (TCD) %v/v 0.10 0.50 1.0 5.0 110.0 50
Carbon Dioxide (FPD) ppmv/v 100 500 11000 5000 10000 --

Ethylene (FID) ppmn v/v 5 10 100 500 1000 -

Ethane (FID) ppmn v/v 5 10 100 500 1000 --

Methane (FID) ppm v/v 10 100 500 1000 5000 10000
Carbon Monoxide (FID) ppm v/v 10 100 500 1000 5000 20000

Table 5 - Reporting Limits and Defau'lt Control Criteria
Compound Reporting Control RPD

______________________ Limits Limits % **
Carbon Dioxide (TCD) 1.7 mg/I 50 - 150 20
Oxygen (TCD) 4.0 mg/I 50 - 150 20
Nitrogen (TCD) 10 Mg/I 50 -150 20
Methane (TCD) 0.10m rg/I 50 -150 20
Carbon Dioxide (FID) 0. 17 mg/I 50 -150 20
Ethylene (FID) 0.0010 mg/I 50 - 150 20
Ethane (FID) 0.0020 mg/I 50 - 150 20
Methane (FID) 0.0010 mg/I 50 - 150 20
Carbon Monoxide (FID) 0.00 I0 mg/I 50 - 150 20

**Default limits, actual control limits may be tighter
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1. SCOPE AND APPLICATION

1.1. This method is applicable to the determination of Total Organic Carbon (TOC) in waters

and similar matrices. It is based on SW846 Method 9060 and EPA Method 415. 1. The
working linear range is instrument dependent at I mg/L to 50 mg/L with a reporting limit
of 1 mg/L.

1.2. QuantiMS method codes are DA (415. 1) and FM (9060).

1.3. This document accurately reflects current laboratory standard operating procedures

(SOP) as of the date above. All facility SOPs are maintained and updated as necessary.

2. SUMMARY OF METHOD

2.1. Organic Carbon is converted to carbon dioxide (C0 2) using chemical oxidation. The CO 2

is then measured by an infrared detector.

3. DEFINITIONS

3.1. Refer to the glossary in the Laboratory Quality Manual (LQM), latest version.

4. INTERFERENCES

4.1. Contaminants in solvents, reagents, glassware, and other processing apparatus that lead to

discrete artifacts may cause Method interferences. All of these materials must be
routinely demonstrated to be free from interferences under conditions of the analysis by

running laboratory method blanks as described in the Quality Control section. Specific

selection of reagents may be required to avoid introduction of contaminants.

4.2. Carbonate and bicarbonate interfere but are eliminated by the acidification and purging
step of the instmument.

5. SAFETY

5.1. Procedures shall be carried out in a marimer that protects the health and safety of all STL

associates.

5.2. Eye protection that protects against splash, laboratory coat, and appropriate gloves must
be worn while samples, standards, solvents, and reagents are being handled. Disposable

gloves that have been contaminated will be removed and discarded; other gloves will be

cleaned immediately.

5.3. The health and safety hazards of many of the chemicals used in this procedure have not

been frilly defined. Additional health and safety information can be obtained from the
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Material Safety Data Sheets (MSDS) maintained in the laboratory. The following
specific hazards are known:

5.3. 1. The following materials are known to be corrosive: Phosphoric Acid, Sulfuric
Acid.

5.4. Exposure to chemicals must be maintained as low as reasonably achievable, therefore,
unless they are known to be non-hazardous, all samples must be opened, transferred and
prepared in a fume hood, or under other means of mechanical ventilation. Solvent and
waste containers will be kept closed unless transfers are being made.

5.5. The preparation of standards and reagents will be conducted in a fume hood with the
sash closed as far as the operation will permit.

5.6. It is recommended that neat standards be purchased only as a last resort. The preparation
of'standards from neat materials and reagents I as well as glassware cleaning procedures
that involved solvents Such as rmethylene chloride} should be conducted in a fume hood
with the sash closed as far as the operations will permit.

5.7. Standards in solution may be diluted in the open laboratory when syringes and the like
are utilized.

5.8. All work must be stopped in the event of a known or potential compromise to the health)
and safety of a STL associate. The situation must be reported immediately to a
laboratory supervisor.

6. EQUIPMENT AND SUPPLIES

6.1. 0-1 Corporation Model 1010 TOC Analyzer with 1051 vial multisarnpler and Printer

6.2. Nitrogen Gas and Regulator

6.3. VoIlumetric flasks: Various sizes

6.4. Vol.1umetric pipettes: Various sizes

6.5. Vials: 40 mul glass

6.6. (iradUated cylinders: Various sizes

6.7. p11I Strips

6.8. Whatrman fil ter #4
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6.9. Top loading balance: capable of accurately weighing ±0.01 g

7. REAGENTS AND STANDARDS

7.1. Reagents

7.1.1. Sodium Persulfate: Reagent Grade

7.1.2. Sodium Persulfate Solution: Add 200 g sodium persulfate (Na2S2Os) to a 1 liter

volumetric flask and dilute to volume with reagent water.

7.1.3. Phosphoric Acid, concentrated: Reagent Grade

7.1.4. Phosphoric Acid Solution: Carefully add 59 mL concentrated phosphoric acid
(H-2P0 4) to 900 mL of reagent water in a 1 liter volumetric flask. Dilute to
volume with reagent water.

7.1.5. Sulfuric Acid, concentrated: Reagent Grade

7.2 Standards

7.2. 1. All standards should bc prepared in volumnetric flasks, using volumectric pipettes,

and diluted to volume with reagent water.

7.2.2. TOC Stock Standard

7.2.3. Primary and secondary sources are needed.

7.2.3.1.TOC 1000 mg/L

7.2.3. 1. 1. Dilute 1.06 g KHlP (potassium acid phthalate) to volume in a
500 mL volumetric flask. A commercially prepared solution
may also be used.

7.2.3.2.Preparc every six months.

7.2.4. TOC Calibration Standards
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7.2.5. Prepare the following standards from the primary stock standard described in
Section 7.2.2.2. 1.

Concentration Volume Stock Concentration Final Volume

(mg/L) (mL) (mg/L) (mL)

50 5 1000 100

25 (MS/MSD) 12.5 1000 500
(LC S) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1O I 1000 100

I _ __ _ __ _ 0.1 1000 leo

7.2.6. TOC Verification Standard (LCS)

7.2.6. 1. A commercially prepared Solution is used.

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1 Samples arc preserved to a p1-1 <2 with sulfuric acid (H2S04) or hydrochloric acid (IC I)

atid stored in plastic or glass containers at 40 C+20 C.

8.2 I he holding time is twenity-eight days from sampling to analysis.

9. QUALITY CONTROL

9.1I. Batch Dcl'inition

9.1.1. A batch is a group of no greater than 20 samples excluding QC samples (LCS,
Method Blank, MS, MSD) which are processed similarly, with respect to the
procedure. All sample Setups must be initiated within a 24 hour period from the
initial preparation or extraction and Without interruption Of thle process. All
samples within the batch must be treated with the same lots oftreagents and thle
same processes.

9.2. Method Blank

9.2. 1. One method blank (M B) must be processed with each preparation batch. The
method blank consists of'reagent water containing all reagents specific to the
method that is carried through the entire analytical procedure, including
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preparation and analysis. The method blank is used to identify any system and
process interferences or contamination of the analytical system that may lead to
the reporting of elevated analyte concentrations or false positive data. The
method blank should not contain any analyte of interest at or above the reporting
limit.

9.2.2. A method blank consisting of 40 mL of reagent water and all reagents added to
the samples must be prepared and analyzed with each batch of samples. The
method blank is used to identify any background interference or contamination of
the analytical system, which may lead to the reporting of elevated concentration
levels or false positive data.

9.2.3. Corrective Action for Blanks

9.2.3.lI.If the analyte level in the method blank exceeds the reporting limit for the
analytes of interest in the sample, all associated samples are reprepared
and reanalyzed. If this is not possible due to limited sample quantity or
other considerations, the corresponding sample data must be taken in
consultation with the client and must be addressed in the project
narrative.

9.2.3.2.If there is no analyte greater than the RL in the samples associated with an
unacceptable method blank, the data may be reported with qualifiers.
Such action must be taken in consultation with the client and must be
addressed in the project narrative.

9.3. Laboratory Control Sample (L-CS)

9.3.1. Laboratory Control Samples are well characterized; laboratory generated samples
used to monitor the laboratory's day to day performance of routine analytical
methods. The LCS is used to monitor the accuracy of the analytical process,
independent of matrix effects. Ongoing monitoring of the LCS results provides
evidence that the laboratory is performing the method within accepted QC
guidelines for accuracy and precision.

9.3.2. A purchased L-CS must be analyzed with each batch of samples.

9.3.3. Corrective Action for LCS

9.3.3.1.If any analyte is outside established control limits the system is out of
control and corrective action must occur.
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9.3.3.2.The only exception is that if the LCS recoveries are biased high and the
associated sample is ND for the parameter~s) of interest, the batch is
acceptable. This must he addressed in the project narrative.

9.3.3.3.Corrcctive action will be repreparation and reanalysis of the batch unless
the client agrees that other corrective action is acceptable.

9.4. Matrix Spike/Matrix Spike Duplicate (MS/MSD)

9.4.1. One MS/MSD pair must be processed for each batch. A matrix spike (MS) is a
field sample to which known concentrations of target analytes have been added.
A matrix spike duplicate (MSD) is a second aliquot of the same sample (spiked
identically as the MS) prepared and analyzed along with the sample and matrix
spike. Some client specific data quality objectives (DQO's) may require the use
of sample duplicates in place of or in addition to MS/MSD's. The MS/MSD
results are used to determine the effect of a matrix on the precision and accuracy
of the analytical process. Due to the potential variability of the matrix of each
sample, these results may have immediate bearing only on the specific sample
spiked. Samples identified as field blanks cannot be used for N45/MSD analysis.

9.4.2. An MS/MSD consisting of`2O rL of sample and 20 niL of the 25 nmg/L standard
will be analyzed with each analytical batch of samples.

9.4.3. Corrective action for MS/MSDs

9.4.3. 1lif the analyte recovery or RPD falls outside the acceptance range, thle
recovery of that analyte must be in control for the LCS. If the LCS
recovery is within limits, then the laboratory operation is in control and
the results may be accepted. If the recovery of the LCS is outside limits,
corrective action must be taken. Corrective action will include
repreparation and reanalysis of the batch.

9.4.3.2.lf'the native analyte concentration in the MS/MSD exceeds 4x the spike
level for that analyte, the recovery data is reported as 'amount" MSB. The
Exception Code is changed to NC. The following two footnotes will
appear on the report page "NC The recovery and/or RPD were not
calculated." 'MSB The recovery and RPD were not calculated because
the sample amount was greater than four times the spike amount."

9.4.3.3.1f an MS/MSD is not possible due to limited sample voIlume1 then a
laboratory control sample duplicate (LCSD) should be analyzed. The
RPD of the LCS and LCSD must be compared to the matrix spike RPD
limits.
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9.5. Control Limits

9.5.1. Control limits are established by the laboratory as described in SOP, NC-QA-

0018.

9.5.2. Laboratory control limits are internally generated and updated periodically unless

method specified. Control limits are listed in the Laboratory Quality Manual

(LQM) and the latest version is easily accessible via the LIMs (QC Browser
program).

9.6. Method Detection Limits (MDLs) and MDL Checks

9.6. 1. MDLs and MDL Cheeks are established by the laboratory as described in SOP,

NC-QA-002 1.

9.6.2. MDLs are listed in the Laboratory Quality Manual (LQM) and the latest version

is easily accessible via the LIMs (QC Browser program).

9.7. Nonconformance and Corrective Action

9.7.1. Any deviations from QC procedures must be documented as anonconformance,
with applicable cause and corrective action approved by the facility QA Manager.

10. CALIBRATION AND STANDARDIZATION

10.1. Recommended Initial Setup

Contant Seftings

STD Mass = 6.76 ug C

Sample Vol = 2.0 mL

Acid Vol 4 x 100 uL

Oxidant Vol = 10 X 100 uL

10. 1.1I Adjust the nitrogen to 30 psi using the flow valve on the tank. The gauge should

always be set at 30 psi when the instrument is not in use.
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10.1.2 Remove the reagent bottles and fill with appropriate reagents (phosphoric acid
solution and sodium persulfate). Do not fill bottles completely full; leave a small
amount of air space. Loosely reconnect caps (and tubing), and replace the bottles
into the instrument.

10.1.3 Blank and calibrate the instrument when CCVs and/or CCBs fail to meet
acceptance criteria or when other problems are encountered.

10.1.3.1. Choose "Calibration". Start a new file with the current date.

10.1.3.2. Choose "Sequences" from the "databases" menu option, open up the
calibration template.

10.1.3.3. ConFirm all information. If blanking is required, it is best if done before
calibration. Enter the desired number of blanks (110 less than five) in the
"reagent blanks before" field.

10.1.3.4. Analyze an ICV/ICB3

10.1.3.5. Save the file using the current date as the filenamec.

1 0.1.3.6. Update data file information.

10. 1.3.6. 1. Choose the setup menu option, go into win TOC output,
change the log fill name and prefix counter.

10. 1.3.7. When analysis is complete, print the run from "/utilities/view run log"

10. 1.3.8. Evaluate the data. The correlation coefficient of the original Curve must

be =0.995 or recal ibration is required.

1 0.2. Continuing Calibration

10.6.1. The run is checked at the beginning, after every ten samples, and at the end of
the run of the same Species using a midrange CCV made from a primary
source (Section 7.2.4. or 7.2.7.) to verify continued linearity. A CCV cannot
vary from the original Curve by more than ± 10%, or recalibration is required.

1 0.6.2. System cleanliness is checked every ten samples and at tile end offthe run
using Continuing Calibration Blank (CCB). A CCB3 cannot contain the analyte
of interest above the reporting limit, or recalibration is required.

II. PROCEDURE
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11.1. One time procedural variations are allowed only if deemed necessary in the
professional judgment of supervision to accommodate variation in sample matrix,

radioactivity, chemistry, sample size, or other parameters. Any variation in procedure
shall be completely documented using a Nonconformance Memo and is approved by a
Technical Specialist and QA Manager. If contractually required, the client shall be

notified. The Nonconformance Memo shall be filed in the project file.

11.2. Sample Preparation Procedure

1 1.2. 1. If excess particulate matter exists, filter an aliquot of sample through a Whatman
#4 filter into a TOC vial or decant.

11.3. Preparation Documentation

1 1.3. 1. Record any sample preparation on the analytical logsheet.

11.4. Analytical Documentation

11.4.1 Record all analytical information in the analytical logbook/logsheet, including the
analytical data from standards, blanks, LCSs, MS/MSDs, and any corrective
actions or modifications to the method.

11.4.2 All standards are logged into a department standard logbook. All standards are
assigned a unique number for identification. The supervisor or designee reviews
logbooks.

11.4.3 Documentation, such as all associated instrumenCTt printouts (final runs, screens,
reruns, QC samples, etc.) and daily calibration data corresponding to all final
runs, is available for each data file.

11.4.4 Sample results and associated QC are entered into the Laboratory Information
Management System (LIMS) after final technical review.

11.4.5 Any unauthorized deviations from this procedure must also be documented as a
nonconformance, with a cause and corrective action described.

12 DATA ANALYSIS AND CALCULATIONS

12.1. Sample Analysis Procedure

12. 1. 1. Type a run protocol sequence into the computer using the run template, if desired.

Update the data file information in the setup/win TOC output.
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12.1.2. For method 9060, quadruplicate analysis is required. If quadruplicate reporting is
requested, each of four results are reported. Replicate analysis should be taken
from separate vials, if available. If only one reportable result is requested per
sample, the four results should be taken from one vial, and the average of the four
results are reported.

12.1.3. For method 415.1 only dne analysis is required. The single analysis is reported
directly from the instrument printout.

12.1.4. All samples and standards should be poured into 40 mL vials. Samples received
in vials can be run in those containers, provided there is not an excess of solids.

12.1.5. Be Sure the samples are loaded on the sampler, the first one positioned under tile
needle.

1 2.1.6. Click the "Start" button.

12.1.7. Samples that fall outside the linear range (>50 mg/L) of the instrument must be
diluted and reanalyzed.

12.1.7.1. Samples following a high sample should be re-analyzed if'
carryover is a concern.

12.1I.8. Print the run from "utilities/view run log''.

12.1.9. When analysis is complete, properly dispose of or put away samples and
standards.

12.2. Calculations for 9060 only

12.2. 1. Total Organic Carbon, mg/L = Average Instrument Value x Dilution

Where:

TOG, ingiL = average of the 4 instrument values * xv dilution, ca/cu/cued (wi/hout;
diluiuon) by tihe inst rument.

Jinstritinent values *X 0

12.2.2. LGS %, Recoveryv Trite Value

12.2.3. MS/MSD % recovery
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(((instrument values * MS or MSJJ) - (Avg sample instrument value* 2) 2fl00

K ~~~~~~~~12.5

*IOne of the va/ties may be judged erroneous and disregarded i/ three of the four are

consistent. If no consistency can be found in the four values, the sample must be

rerun.

13 METHOD PERFORMANCE

13.1I. Each laboratory must have initial demonstration of performance data on file and

corresponding method detection limit files.

13.2. Training Qualifications:

1 3.2. 1. The group/team leader has the responsibility to ensure that this procedure is
performed by an associate who has been properly trained in its use and has the
required experience.

1 3.2.2. Method validation infonnation (where applicable) in the form of laboratory
demonstrations of capabilities is maintained for this method in the laboratory QA

files.

14. POLLUTION PREVENTION

14. 1. This method does not contain any specific modifications that serve to minimize or prevent

pollution.

15. WASTE MANAGEMENT

15. 1. Acid waste must be collected in clearly labeled acid waste containers.

1 5.2. Solid materials (gloves, soiled paper products, etc.) are placed in the solid debris container.

Do not put liquids in the solid waste container.

15.3. Refer to the Laboratory Sample and Waste Disposal plan.
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15.4. Laboratory personnel assigned to perform hazardous waste disposal procedures must have
a working knowledge of the established procedures and practices of STL. They must have
training on the hazardous waste disposal practices upon initial assignment to these tasks,
followed by an annual refresher training.

15.5.Solvent waste must be disposed of in clearly labeled waste cans.

16. REFERENCES

16.1 .Rcfercnces

16. 1. 1. SW846, Test Methods for Evaluating Solid Waste, Third Edition, Total Organic
Carbon, Method 9060.

16.1.2. EPA 600, Methods for Chemical Analysis of Water and Wastes, Organic Carbon,
Method 415. 1.

16.1.3. Corporate Quality Management Plan (QMP), current version.

16.1.4. STL Laboratory Quality Manual Plan (LQMP), current version.

I 6.2.Associated SOPs and Policies, latest version

16.2. 1. QA Policy, QA-003

16.2.2. Glassware Washing, NC-QA-0014

16.2.3. Statistical Evaluation of Data and Development of Control Charts, NC-QA-00lS

16.2.4. Method Detection Limits and Instrument Detection Limits, NC-QA-002 I

16.2.5. Navy/Armly SOP, NC-QA-0016

17. MISCELLANEOUS (TABLES, APPENDICES, ETC...)

17. 1 Reporting limits

1 7.1I.1I. fhie lower reporting limit is I mg/L

17.1.2. If'samnples require dilution or smaller volumes than specified in this method, the
RL will be elevated.

I17.2.Troubleshooting guide
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17.2. 1. See the manufacturer's instructions for an instrument troubleshooting guide and

maintenance requirements.

17.3.Method deviations

17.3.1I. A blender is not used to homogenize samples.

17.3.2. For Method 9060, the calibration must be verified with an independently prepared
check standard every 15 samples. The laboratory is verifying the calibration
every 10 samples.
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1. SCOPE AND APPLICATION

1. 1. This method is applicable to the determination of Total Organic Carbon in liquid, oils,
sludge, soil, and sediment samples. It is based on Methods of Soil Analysis, Walklcy-
Black. The working linear range is 1 00 to 15,000 mg/kg.

1.2. The associated QuantlMs method code is VR.

1.3. This document accurately reflects current laboratory standard operating procedures
(SOP) as of the date above. All facility SOPs are maintained and updated as necessary
by the laboratory QA department.

2. SUMMARY OF METHOD

2.1. An aliquot of a solid sample is treated with excess potassium dichromlate and
concentrated sulfuric acid. After treatment, the solution is backtitrated with ferrous
Sulfite to determine the amount of dichromate reduced during digestion.

3. DEFINITIONS

3.1. Rcfcr to the glossary in the STL Laboratory Quality Manual (LQM), Current version.

4. INTERFERENCES

4.1. Method interferences may be caused by contaminants in solvents, reagents, glassware,
and other processing apparatus that lead to discrete artifacts. All of these materials must
be routinely demonstrated to be free from interferences under conditions of the analysis
by running laboratory method blanks as described in the Quality Control section.
Specific selection of reagents may be required to avoid introduction of contaminants.

4.2. Chloride and iron give a positive interference. Chloride may be totally or partially
eliminated by the addition of mercuric sulfate.

5. SAFETY

5.1. Procedures shall be carried Out in a manner that protects the health and safety of all STL

North Canton associates.

5.2. Eye protection that protects against splash, laboratory coat, and appropriate gloves must
be worn while samples, standards, solvents, and reagents are being handled. Disposable
gloves thwat have been contaminated will be removed and discarded; other gloves will be
cleaned immediately.
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5.3. The health and safety hazards of many of the chemicals used in this procedure have not
been fully defined. Additional health and safety information can be obtained from the
Material Safety Data Sheets (MSDS) maintained in the laboratory. The following
specific hazard is known:

5.3. 1. The following material is known to be corrosive: Sulfuric acid.

5.4. Exposure to chemicals must be maintained as low as reasonably achievable, therefore,
unless they are known to be non-hazardous, all samples must be opened, transferred and
prepared in a fume hood, or under other means of mechanical ventilation. Solvent and
waste containers will be kept closed unless transfers are being made.

5.5. The preparation of standards and reagents will be conducted in a fume hood with the
sash closed as far as the operation will permit.

5.6. It is recommended that neat standards be purchased only as a last resort. The preparation
of standards from neat materials and reagents I as well as glassware cleaning procedures
that involved solvents such as methylenc chloride}~ should be conducted in a fume hood
with the sash closed as far as the operations will permit.

5.7. Standards in solution may bc diluted in the open laboratory when syringes and the like
are utilized.

5.8. All work must be stopped in the event of a known or potential compromise to the health
and safety of a STL North Canton associate. The situation must be reported immediately
to a laboratory supervisor.

6. EQUIPMENT AND SUPPLIES

6.1. Buret: 25 mL Class A

6.2. Analytical balance: capable of weighing to ± 0.0001 g

6.3. Top loading balance: capable of weighing to ± 0.01I g

6.4. Amber bottles

6.5. Beakers: various

6.6. Graduated cylinders: various
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6.7. Volumetric pipettes: various , Class A

6.8. Erlenmneyer flasks: various

6.9. Whatman #4 filter paper

'7. REAGENTS AND STANDARDS

7.1. Reagents

7.1.1. Sulfuric Acid (1-12 SO 4): concentrated, Tracepur grade

7.1.2. Ferroin indicator, purchased

7.1.3. Potassium Dichromate (K 2Cr2O7): primary standard grade

7.1.4. IN Potassium Dichrornate Solution: Accurately weigh 49.04 g of potassium
dichroniate (dried overnight at I105 0C) in a liter voIlumetric flask and dilute to
voIlume1. Store iii amber bottle and refrigerate. Replace after six months.

7.1.5. Ferrous Su lfate (FeSO 4 e 7 1-120): reagent grade

7.1.6. 0.5 N Ferrous Sulfibte Titrant: Accurately weigh 140 g of FeSO4*71H20 into a I
liter voIlumetric flask and dissolve with 500 mL reagent water. Carefully add IS
imL of concentrated Sulfuric acid and allow to cool. Dilute to voIl1time with reagent
water. Store in amber bottle and refrigerate.

7.1.7. Mercuric Sulfate (l-lgSO4 ): reagent grade

7.2. Standards

7.2. 1. Laboratory Control Sample

7.2. 1.1 IPotassium H-ydrogen Phithalate (KHICS1 4 0 4 ), purchased

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1. Samples are stored in a glass container at 40C ± 20C.

8.2. Samples are not chemically lpreserved. In lieu of no guidance, holding time is based on
water req iii rments.
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8.3. The holding time is twenty-eight days from sampling to analysis.

9. QUALITY CONTROL

9.1. Batch Definition

9.1.1. A batch is a group of no greater than 20 samples excluding QC samples (LCS,
Method Blank, MS, MSD) which are processed similarly, with respect to the
procedure. All sample setups must be initiated within a 24-hour period from the
initial preparation or extraction and without interruption of the process. All
samples within the batch must be treated with the same lots of reagents and the
same processes.

9.2. Method Blank

9.2.1. One method blank (MB) must be processed with each preparation batch. The
method blank consists of reagent water containing all reagents specific to the
method that is carried through the entire analytical procedure, including
preparation and analysis. The method blank is used to identify any system and
process interferences or contamination of the analytical system that may lead to
the reporting of elevated analyte concentrations or false positive data. The
method blank should not contain any analyte of interest at or above the reporting
limit.

9.2.2. A reagent water blank consisting of 200-iniL reagent water is being prepared and
analyzed with each analytical batch of samples.

9.2.3. Corrective Action for Blanks

9.2.3.l1.If the analyte level in the method blank exceeds the reporting limit for the
analytes of interest in the sample, all associated samples are reprepared
and reanalyzed. If this is not possible due to limited sample quantity or
other considerations, the corresponding sample data must be addressed in
the project narrative.

9.2.3.2.lf there is no analyte greater than the RL in the samples associated with anl
unacceptable method blank, the data may be reported with qualifiers.
Such action must be taken in consultation with the client and must be
addressed in the project narrative.

9.3. Laboratory Control Sample (LCS)
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9.3.1. One LCS must be processed with each preparation batch. The LCS must be
carried through the entire analytical procedure. The LCS is used to monitor the
accuracy of the analytical process. On going monitoring of the LCS results
provides evidence that the laboratory is performing the method within acceptable
accuracy and precision guidelines.

9.3.2. A midrange LCS using 0.02 g of potassium hydrogen phthalate is prepared and
analyzed with each batch of samples.

9.3.3. Corrective Action for LCS

9.3.3.1.If any analyte is outside established control limits the system is Out Of
control and corrective action must occur.

9.3.3.2.Thec only exception is that if the LCS recoveries are biased high and the
associated sample is ND for the paramecter(s) of interest, the batch is
acceptable. This must be addressed in the project narrative.

9.3.3.3.Corrective action will be repreparation and reanalysis of the batch unless

the client agrees that other corrective action is acceptable.

9.4. Sample Duplicate

9.4.1. A sample duplicate (DU) is a second aliquot of an environmental sample, taken
fromt the same sample container when possible, that is processed with thle first
aliquot of that sample. That is, sample duplicates are processed as independent
samples within the same QC batch. The sample and DU results are compared to
determine the effect of the sample matrix on the precision of the analytical
process. As with the MS/MSD results, the sample/DUJ precision results are not
necessarily representative of the precision for other samples in the batch.

9.4.2. Sample duplicates are performed at a frequency of IO% or one per batch which
ever is more frequent and Must meet laboratory-specific limits for precision.

9.5. Control Limits

9.5. 1. Control limits are established by the laboratory as described in SOP, NC-QA-
001 8.

9.5.2. Laboratory control limits are internally generated and updated periodically unless
method specified. Control limits are listed in the Laboratory Quality Manu~al
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(LQM) and the latest is version easily accessible via the LIMs (QC Browser
program).

9.6. Method Detection Limits (MDLs) and MDL Checks

9.6.1. MDLs anidMDL Checks are establishied bythe laboratory as described in SOP,
NC-QA-002 1.

9.6.2. MDLs are listed in the Laboratory Quality Manual (LQM) and the latest version
is easily accessible via the LIMs (QC Browser program).

9.7. Nonconformance and Corrective Action

9.7. 1. Any deviations from QC procedures Must be documented as a nonconfonnance,

with applicable cause and corrective action approved by the facility QA Manager.
10. CALIBRATION AND STANDARDIZATION

10.1. The ferrous sulfate titrant is standardized daily as follows.

10.1.1. Pipette 10.0 niL of 1.00 N potassium dichromate Solution into a 250 mL11

Erlenmneyer flask and add 90-ruL reagent water.

10.1.2. Carefully add 30 mnL of concentrated sulfuric acid and allow cooling completely.

10. 1.3. Add 2-3 drops of ferroin indicator.

10.1.4. Titrate with 0.5 N Ferrous sulfate titrant to a reddlish-brown endpoint or to the first
color change after reaching an emecrald-green color.

10. I .5. Calculakte the normality usinig the following equation.

I0
niLf]erro its sulite

10.1.6. Repeat steps 10.1.1 through 10.1.5 two more times.

10. 1.7. The average of the triplicate standardization is used.

IL. PROCEDURE
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11.1. One time procedural variations are allowed only if deemed necessary in the professional
judgment of supervision to accommodate variation in sample matrix, radioactivity,
chemistry, sample size, or other parameters. Any variation in procedure shall be
completely documented using a Nonconformance Memo and is approved by a Technical
Specialist and QA Manager. If contractually required, the client shall be notified. The
Nonconformance Memo shall be filed in the project file.

11.2. Anly unauthorized deviations from this procedure must also be documented as a
nonconformance, with a cause and corrective action described.

11.3. Sample Preparation

1 1.3.1. Physical Preparation

1 1.3. 1.1 .Mix the sample thoroughly before selecting a portion for analysis.

I11.3.1 .2.Discard any foreign objects such as sticks, leaves, and rocks.

11.3.2. Analytical Preparation

i11.3.2.1 Weigh an aliquot of soil of 2.50 g to the nearest 0.01 g (use less sample if
TOC is known to be high). Record the weight on the analytical logsheet.

I I.3.2.2.Place sample in a 500 mL Erlennmeyer flask and add 10.0 inL of' I N
potassium dichromite.

I11.3.2.3.Unider a hood, carefully add 20 mL of concentrated sulfuric acid and
gently swirl for one minute.

1 1.3.2.4. Allow sample to cool for about 30 minutes.

II 1.3.2.5.Add 200 moL of reagent water and swirl to mix. Ifnecessary, Filter

samrple through Whatiman #4 filter.

11.4. Sample Analysis Procedure

1 1.4. 1. Add 2-3 drops flerroin indicator.

1 1.4.2. Titrate with 0.5 N ferrous Sulfate Solution to a reddlish-brown enidpoint or first
color change after reaching an emecrald-green color.
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I 1.4.2.1I.If the digestate of the sample is already green or reddish-brown after the
addition of the ferroin indicator, the sample needs to be re-extracted with a
smaller sample amount or if less than 5 mLs of titrant is used.

11.4.3. Document the amount of titrant on the analytical logsheet.

11.5. Analytical Documentation

11.5.1I. Record all analytical information in the analytical logbook/logsheet, including the
analytical data from standards, blanks, LCSs, MS/MSDs, and any corrective
actions or modifications to the method.

11.5.2. All standards arc logged into a department standard logbook. All standards are
assigned a unique number for identification. Loghooks are reviewed by the
supervisor or designee.

11.5.3. Documentation such as all associated instrument printouts (final runs, screens,
reruns, QC samples, etc.) and daily calibration data corresponding to all final runs
is available for each data file.

1 1.5.4. Sample results and associated QC are entered into the LIMs after final technical
review.

12. DATA ANALYSIS AND CALCULATIONS

12.1. Total Organic Carbon, mg/kg =

[1(0)( PoassumDicbromate) - (mL Ferrous Sulfate) (N Ferrous Sulfate)] x30 .L IONPtsimWeight of Soil (g)30jx1.

Where: 1. 3 = Correction/actor recominended in method
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12.2. TOC, %= mg/ kg
10,000

12.3. LCS, %= TOC, % x 100
61.152 (true)

13. METHOD PERFORMANCE

13.1. Each laboratory must have initial demonstration of performance data on file and
corresponding method detection limit files.

13.2. Training Qualifications:

13.2.1. The group/teamn leader has the responsibility to ensure that this procedure is
performed by an associate who has been properly trained in its use and has the
required experience.

13.2.2. Method validation information (where applicable) in the fonn of laboratory
demonstrations of capabilities is maintained for this method in the laboratory QA
flies.

14. POLLUTION PREVENTION

14.1. Thiis miethod does notconitainaniy specifici modificationls that ser've to minimiizeor
prevent pollution.

15. WASTE MANAGEMENT

15.1. Solvent waste must be disposed of in clearly labeled waste canls.

15.2. Acid waste must be collected in clearly labeled acid waste containers.

15.3. Solid materials (gloves, soiled paper products, etc.) are placed in the solid debris
container. Do nlot put liquids in the solid waste container.

15.4. Refecr to the Laboratory Sample and Waste Disposal plan.

15.5. Laboratory personnel assigned to perform hazardous waste disposal procedures must
hlave a working knowledge of the established procedures and practices of STL North
Canton. They must have training on the hazardous waste disposal practices upon initial
assignment to these tasks, f'ollowed by annual refresher training.
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16. REFERENCES

16.1. References

16.1.1. Methods of Soil Analysis, 1982 Second Edition Method 29-3.5.2 Walkley-Black
Procedure.

16.1.2. SIL North Canton Laboratory Quality Manual (LQM), current version.

16.2. Associated SOPs and Policies, latest version

16.2. 1. QA Policy, QA-003

16.2.2. Glassware Washing, NC-QA-0014

16.2.3. Statistical Evaluation of Data and Development of Control Charts, NC-QA-001 8

16.2.4. Method Detection Limits and Instrument Detection Limits, NC-QA-0021

16.2.5. Navy/Army SOP, NC-QA-0016

17. MISCELLANEOUS (TABLES, APPENDICES, ETC...)

17.1. Reporting limits

17.1.1. The lower reporting limit (RL) for undiluted samples is 100 mg/kg.

17.1.2. If samples require dilution or smaller volumes than specified in this method, the
RL will be elevated.

17.2. Troubleshooting guide

1 7.2. 1. When interferences as described in Section 4 are encountered or suspected, treat
the sample as specified in that section.

17.2.2. If a high level of TOC is suspect (black sample), a smaller amount will be
required.
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1. SCOPE AND APPLICATION

1 .1. This method covers the determination of fluoride, chloride, nitrite, bromide, nitrate, ortho-
phosphate and sulfate in drinking water, surface water, mixed domestic and industrial
wastewaters, groundwater, reagent waters, solids (after extraction 1 1.7) and leachates (when
no acetic acid is used).

1.2. A listing of associated LIMs method codes is located in Section 8.2.

1.3. This document accurately reflects current laboratory standard operating procedures (SOP) as
of the date above. All facility SOPs are maintained and updated as necessary.

2. SUMMIARY OF METHOD

2.1. A 25 tUL volume of samplc is introduced into the ion chromatograph. The sample is pumnped
throu~gh three different ion exchange Columns and into a conductivity detector. The lirst two
columns, a precoklmn or guard coIlum1n and a separator column, are packed with low-capacity,
strongly basic anion exchange resin. Ions are separated into discrete bands bas~d onl their
aff-inity for the exchange sites of the resin. The last coIlumn1 is a suppresser columin that reduces
the background conductivity of the elUenlt to a low or negligible level and converts the anions in
the sample to their corresponding acids. The separated anions in their acid fibmi are measured
using an electrical conductivity cell. Anions are identified based on their retention times
compared to known standards. QUanititation is ,accomplished by measurinlg the peak height or
area and comparing it to a calibration Curve generated from known standards.

3. DEFINITIONS

3.1. Refer to thre glossary in the Laboratory Quality Manual (LQM).

4. INTERFERENCES

4.1I. interferences canl be caused by substances with retention times that arc similar to and overlap
those of the anion of interest. Large amounts of anl anion can interfere with the peak resolution
of an adjacent anion. Sample dilution and/or fortification canl be used to solve most interference
problems aissociated with retention times.

4.2. The water dip or negative peak that elutes near, and canl interfere with, the fluoride peak canl
tisually be eliminated by the addition of concentrated eluent to each standard and sample.

1 2/1 8/03
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4.3. Method interferences may be caused by contaminants in the reagent water, reagents, glassware

and other sample processing apparatus that lead to discrete artifacts or an elevated baseline in
the ion chromatograms.

4.4. Any anion that is not retained by the column or only slightly retained will elute in the area of
fluoride and interfere. Known coelution is caused by carbonate and other small organic anions.
At concentrations of fluoride above 1.5 mg/L, this interference may not be significant; however,
it is the responsibility of the user to generate precision and accuracy information in each sample
matrix.

4.5. The acetate anion elutes early during the chromatographic run. The retention times of the anions
also seem to differ when large amounts of acetate are present. Therefore, this method is not
recommended for leachates of solid samples when acetic acid is used for pH adjustment.

5. SAFETY

5.1. Procedures shall be carried out in a mantier that protects the health and safety of all STL
associates.

5.2. Eye protection that satisfied ANSI Z87-1 (as per the Chemical Hygiene Plan), laboratory coat,
and appropriate gloves must be worn while samples, standards, solvents, and reagents are being
handled. Disposable gloves that have been contaminated will be removed and discarded; other

gloves will be cleaned immediately.

5.3. The health and safety hazards of many of the chemicals used in this procedure have not been
frilly defined. Additional health and safety infonnation can be obtained from the Material Safety
Data Sheets (MSDS) maintained in the laboratory.

5.4. Exposure to chemicals must be maintained as low as reasonably achievable, therefore; unless
they are known to be non-hazardous, all samples must be opened, transferred and prepared in

a time hood, or under other means of mechanical ventilation when possible. Solvent and waste

containers will be kept closed unless transfers are being made.

5.5. The preparation of standards and reagents will be conducted in a fume hood with the sash
closed as far as the operation will permnit.

5.6. All work must be stopped in the event of a known or potential compromise to the health and
safety of a STL associate. The situation must be reported immediately to a laboratory

supervisor.

12/18/03
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6. EQUIPMENT AND SUPPLIES

6.1. Balance -- Analytical, capable of accurately weighing to the nearest 0.0001I g.

6.2. Ion Chromatograph -- Analytical system complete with ion) chromatograph and all required
aecessories including analytical columns, compressed gases and detectors.

6.2.1. Anion guard column: A protector of the separator column. If omitted from the system
the retention times will be shorter. Usually packed with same substrate as the separator
Column. 4 x 50 mm, Dionex lonPac AGI14 P/N 46134, or equivalent.

6.2.2. Anion separator column: The separation shown in Figure 1 was generated using a
Dionex lonPac AS14 column (P/N 46134). Equivalent column may be used if
comparable resolution is obtained, and the requirements of Sect. 9.2 can be met.

6.2.3. Anion SuIppreSser device: Dionex anion micro membrane suppresser (P/N 37106) or
ASRS-Ultra Self-Regenerating Suppressor (4mim) P/N 53946 or equivalent.

6.2.4. Detector -- Conductivity cell: approximately 1.25 uL internal volume, Dionex, or
equivalent.

6.2.5. Dionex -PecakNet 5. 1 Data Chromatography Software or equivalent.

6.3. Assorted laboratoiy glassware (pipettes, volumectric flasks, etc.).

7. REAGENTS AND STANDARDS

7.1I. Reagent gi-ade chemicals shall be used in all tests. Unless otherwise indicated, it is intended that
all icagents shall eonlbrmn to the specifications of the Committee on Analytical Reagents of the
American Chemical Society, where such specifications are available. Other grades may be
used, provided it is fIrst ascertained that the reagent is of suff iciently high purity to pennit its use
Without lessen1ing the accuracy of the detennination.

7.2. Recagent water: Distilled or decionized water, free of the anions of interest. Water should contain
particles no larger than 0.20 microns.

7.3. Eltient soILution: Sodium bicarbonate (CASRN 144-55-8) 1.0 mM, sodium carbonate
(CASRN 497-19-8) 3.5 rmM. Dissolve 1.680 g sodium bicarbonate (NalHC0 3) and 7.417 g

12/18/03
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of sodium carbonate (NaŽC0 3) in reagent water (7.2) and dilute to 100 ML i a volumetric

flask. Take I0 ML of this concentrated eluent solution and dilute to 2 L for use as the working

eluent solution or dissolve the entire bicarbonate/carbonate amount in 20 L of reagent water.

7.4. Stock solutions (1,000 mg/L): All stocks may be prepared as described below or purchased

from commercial sources. Primary and secondary sources are required for each target analyte.

7.4.1. Fluoride stock solution (1.00 ML = 1.00 mg F-): In a I liter volumetric flask, dissolve
2.2 100 g of sodium fluoride (NaF) in reagent water, and dilute to volume with reagent

water. Store in chemical- resistant glass or polyethylene.

7.4.2. Chloride stock solution (1.00 mL = 1.00 mg Ct): Dry sodium chloride (NaCI) for 12

hours at l050 C, and cool in a desiccator. In a 1 litcr volumetric flask, dissolve 1.6485

g of the dry salt in reagent water and dilute to volume with reagent water.

7.4.3. Nitrite stock solution (1.00 ML = 1.00 mg NOW- - N): Place approximately 1 0.0 g of

sodium nitrite (KN0 2) in a 125 mL beaker and dry to constant weight (about 24 hours)

in a desiccator. In a I liter volumetric flask, dissolve 6.0790 g of the dried salt in

reagent water and dilute to volume with reagent water. Store in a sterilized glass boiltle.

Refrigerate and prepare monthly.I

* Nitrite is easily oxidized, especially in the presence of moisture, and only fresh
reagents are to be used.

* Prepare sterile bottles for storing nitrite solutions by heating for 1 hour at I 70'C in

an air oven.

7.4.4. Bromide stock solution (1.00 ml- = 1.00 mg Br): Dry approximately 5.0 g of sodium

bromide (NaBr) for 12 hours at 1050C, and cool in a desiccator. In a I liter volumetric

flask, dissolve 1.2876 g of the dried salt in reagent water and dilute to volume with

reagent water.

7.4.5. Nitrate stock solution (1.00 mL = 1.00 mg NOW- - N): Dry approximately 10.00 g of

sodium nitrate (KNO3) at I105 0C for 24 hours . In a I liter volumietric flask, dissolve

7.2200 g of the dried salt in reagent water and dilute to volume with reagent water.

7.4.6. Phosphate stock solution ( 1.00 mL = 1.-00 Mg P0 4 - P): Dry approximately 1 0.00 g

of potasslnim dihydrogen phosphate (KH2P0 4) for 1 hour at 1050C and cool in a

12/18/03
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desiccator. In a I liter volumetric flask, dissolve 4.3937 g of the dry salt in reagent
water and dilute to volume with reagent water.

7.4.7. Sulfate stock solution ( 1.00 mL = I1.00 Mg SO4 f2l: Dry approximately 5.00 g of
potassium sulfate (K2 50 4) at 1050C for I hour and cool in a desiccator. In a I liter
volumetric flask, dissolve 1.8 141 g of the dried salt in reagent water and dilute to
Volume with reagent water.

7.4.8. Commercial stock solution A: F- - 25 mg/L, Cl - 500 mg/L, Br- 1 00 mg/L,
N0 3 ' - N- 25 mg/L, P0 4- P - 25 mg/L, S0452 - 500 mg/L

7.4.9. Commercial stock solution B: NO2Ž - N- 25 mg/L

7.4. 10. Commi-ercial IC Spike solution A: : F- - 125 mg/L, C1 - 2500 mg/L, Br- 500 mg/L,
NO_, - N- 125 mng/L, P0 4- P - 125 mg/L, SO4-2 2500 mg/L

7.4.1 1. Commercial IC Spike Solution B: NO2- - N- 125 mg/L

7.5. Working standards: Prepare calibration standard #5 in a 10 rnl- volumetricnfask and translbr to
a vial. Adju.lst the amount of stock Solution used to prepare the working standards if the stock
concentration diffiers fi-omn 1000 mg/L as aIssumeld Alternatively prepare Cal standard #5 by
mixing 4.0 muL commercial stock A, 4.0 rnl- commercial stock B and 2.0 ml- of reagent water.

12/18/03
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Calibration Standard #5

Analyte mL of Stock Final Conc.

Fluoride Ol10111 1 0.0 nig/L

Chloride 2.0 nmL 200. rng/L,

Nitrite 0.10n, IL 0.0 mg/L

Bromide 0.40 mL 40.0 mg/L

Nitrate Ol10n11L 10.0Omg/

Ortho-Phosphate 010 ML 10.0 ing/L

Sulfate 2.0 mE 200. rng/L

7.5. 1. In 5 mnL PolyVials prepare the following calibration standards in reagent grade water.
Final concentrations of working standards are shown below.

Calibration Standard #4: take 2.50 mnL of calibration standard #5 and add 2.50 rnL of reagent
water.

Calibration Standard #2: take 250 hL-d of calibration standard #5 and add 4.75 mL of
reagent water.

Calibration Standard # 1: take 25.0 pL, of calibration standard #5 and add 4.95 nmL of
reagent water.

Calibration Standard #3: take 1 25 inL of calibration standard #5 and add 3.75 nmL of
reagent water.

12/18/03
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Calibration Standard #1 ________

Analyte 25.0 gL of Cal Final Conc
Std #5 _ _ _ _ _ _ _

Fluoride 0.05 mg/L

Chlonide LO________ . mg/L

Nitrite 0.05 mg/L

Bromide 0.20 mg/L

Nitrate 0.05 mg/

Ortho-Phosphatec ___________ 0.05 mg/L

SulibFte l.O mg/L

Calibration Standard #2 ________

Analyte 250 gL of Cal Final Conc.
_ _ _ _ _ _ _ _ _ _ _ _ _S td _#5 _ _ _ _ _ _ _

FIL1orideC__ _ __ _ __ _ _ 0.5 mg/L

Chloride ______ ___ 10. mg/L

Nitrite __ _ _ _ _ _ _ _ _ _0.5 mg/L

Bromide 2.0 mg/L

Nitrate __ _ _ _ _ _ _ _ _ _0.5 mg/L

Ortho-J'hosphate 0.5 mg/L

SuLfhte __ _ _ _ _ _ _ _ _ _10. mng/L

12/18/03
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Calibration Standard #3 ________

Analyte 1.25 mnL of Cal Final Conc.
Std #5 _______

Fluoride 2.5 mg/L

Chlonide 50. mg/L

Nitrite 2.5 rng/L

Bromide I0. mg/L

Nitrate 2.5 mg/L

Ortho-Phosphate 2.5 mg/L

Sulfate 50. rng/L

Calibration Standard #4

Analyte 2.5 mnL of Cal Std Final Cone.
#5

Fluoride 5.0 mg/L

Chloride 100 mg/L

Nitrite 5.0 mg/L

Bromide 40. mg/L

Nitrate 5.0 mg/L

Ortho-Phosphate 5.0 mg/L

Sulfate 1 00 mgIL

7.5.2. Prepare or purchase a secondary stock standard(s) using a standards source other than

that used for the primary standards as described in Section 7.5. Dilute these stock

standards to as indicated in the table below to prepare the mixture to be used for the
LCS and CCV solution. Alternatively prepare this solution by mixing 0.50 mL-

commercial stock A, 0.50 niLd commercial stock B and 4.0 mL of reagent water.

12/18/03
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LCS & Continuing Calibration Verlification Solution

Analyte Final Cone.
(V,5 m])

Fluoride 2.5 mg/L

Chloride 50. mg/L

Nitrite 2.5 mg/L

Bromide IO. mgIL

Nitrate 2.5 mg/L

Ortho Phosphate 25m/

SUlfAte 50. mg/L

7.5.3. Prepare or' purchase a secondary stock standard(s) using a standards source other thtan
that used for the primary standards as described in Section 7.5. Dilute these stock
standards to prepare the mixture to be used for the Matrix Spike solution.
Alternatively purchase these mixes (ready to use) from a commercial Source. Add I100
LIL of each IC Spike Solution to 5 mL of sample when preparing the MS/MSD. Dilute
as needed aller spiking the sample.

Matrix Spike "True" Values

Analyte Final Cone.

Fluoride 2.5 mg/L

Chloride 50. m' /L

Nitrite 2.5 rng/L

Bromide 10. mg/L

Nitrate 2.5 mg/L

Ortho Phosphate 2.5 mg/L

Su~l'Ibte 50. ing/L

NOTE: Stock standards, calibration standard #5 and LCS standard should be stored inl thle
(lark at 40 ± 20C. Replace these standards when instriment response indicates target analyte

12/18/03
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degradation may have occurred or after the standard has expired (12 months commuercial mix or
6 months in house mix), which ever occurs first. Nitrite and ortho-phosphate are particularly

light and oxygen sensitive.

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1. Samples should be collected in plastic or glass bottles. All bottles must be thoroughly cleaned
and rinsed with reagent water. Thc volume collected should be sufficient to ensure a
representative sample, allow for replicate -analysis, if required, and minimize waste disposal.

8.2. Sample preservation and holding times for the anions that can be determined by this method for

water samples are as follows:

QuanTiMs Analyte Preservation Holding Time

Method Code _______

EPA SW846 Fluoride 40 ± 20C 28 days

300.OA 9056A

C8 3C ____ __

CX 3D Chloride 40 ± 20C 28 days

GO 315 Nitrite 40 ± 20C 48 hours

GM 3F Bromide 40 ±20C 28 days

C9 3G Nitrate 40 ± 20C 48 hours

DO 3H Ortho Phosphate 40 ± 20C 48 hours

CY 31 Sulfate 40 ± 20C 28 days

Note: Soil leachates will follow the same preservation and holding times as the water samples; starting
from the time of extraction.

9. QUALITY CONTROL

9.1. The STL QC Program document provides further details of thle QC and corrective action
guidelines presented in this SOP. Refer to this document if additional guidance is required.

12/18/03
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9.2. Table I provides a summuary of quality control requirements including type, frequency,
acceptance criteria and corrective action.

9.3. Initial Demonstration of Capability

9.3. 1. Prior to the analysis of any samples by Ion Chromatography, the following requirements
must be meet:

9.3. 1.1 IMethod Detection Limit (MDL): An MDL must be detennined prior to analysis
of any samples. The MDL is determined using seven replicates of reagent
water spiked with the anions of interest that has been carried through the entire
analytical procedure. N4DLs must be redetermined on an annual basis. The
spike level must be greater than the calculated MDL but less than or equal to
l0x thecMDL. The result of the MDL determination must be below the STL
reporting limit.

9.4. Batch definition: Preparation and QC batch definitions are provided in thre STL QC Policy.

9.5. Method Blank (MB): One method blank must be processed with each preparation batch. The
method blank consists of reagent grade water that has been taken through the entire preparation
and analytical process. The method blank is used to identify any system and process
interlerences or contamination of the analytical system that may lead to the reporting of elevated
analyte concentrations or hidse positive data. Thre method blank should not contain any analyte
of interest above the reporting limit.

9.6. Laboratory Control Sample (LCS): One LCS must be processed with each preparation batch
aind must be carried through the entire analytical procedure. The LCS is used to monitor the
acura1cy of the analytical process. On-going monitoring of the LCS results provides evidence
that the laboratory is perfonning the method within acceptable accuracy and precision
guidelines. If the result is Outside established control limits the system is out of control and
corrective action must occur. Until in-house limits are established, a control limit of 90 - I110%
recovery must be applied. Corrective action will be repreparation and reanalysis of the batch
unless thre Client agrees that other corrective action is acceptable. The LCS consists of reagent
grade water containing a known amount of target analytes that has been injected into the ion
chromatography system. The LCS is prepared from a separate stock standard, or neat
material, of a di'fferent nIM1nufb1cturer than the stock, or neat material, used to prepare the
cal ibiat ion standard.

9.7. Matrix Spike/Matrix Spike Duplicate (MS/MSD): One N45/MSD pair must be processed for
each QC batch. A mnatrix spike (MS) is a Field sample to which a known concentration of
target analyte has been added. A matrix spike duplicate (MSD) is a second aliquot of the

12/1 8/03
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same sample (spiked identically as the MS) prepared and analyzed along with the sample and

matrix spike. Some client specific DQO's may require the use of sample duplicates in place of

or in addition to MS/MSD's. The MS/M SD results are used to determine the effect of a matrix

on the precision and accuracy of the analytical process. Due to the potential variability of the

matrix of each sample, these results may have immediate bearing only on the specific sample

spiked. Spiking levels will be the same as the LCS values.

* If the MS/MSD recovery or RPD falls outside the acceptance range, the recovery of the

analyte must be in control for the LCS. Until in-house control limits are established, a

control limit of 90-1 10% recovery and 20% RPD must be applied to the MS/MSD.

* If the native analyte concentration in the MS/MSD exceeds 4x the spike level for that

analyte, the recovery data are reported as NC (i.e. not calculated).

* If the LCS recovery is within limits, then the laboratory operation is in control and the

results may be accepted.

* If the recovery of the LCS is outside the limits, corrective action must be taken.

Corrective action will include repreparation and reanalysis of the batch.

* If a MS/MSD is not possible due to limited sample volume then a LCS duplicate must be

analyzed. The RPIJ of the LCS and LCSD must be compared to the matrix spike limits.

9.8. Continuing Calibration Verification (CCV/CCB): Continuing calibration is verified by analyzing
the calibration standard after every ten (10) samples . The CCV must fall within +/- 10% of the

true value for each target analyte. A CCB is analyzed immediately following the CCV to

monitor low level accuracy and system cleanliness. The CCB result must be below the

reporting limit for that analyte. If either the CCV or CCB fail to meet criteria, the analysis must

be terminated, the problem corrected and repreparation and analysis of all samples following the

last CCV and CCB which were in control.

10. CALIBRATION AND STANDARDIZATION

10.1. Establish ion chromatographic operating parameters equivalent to those indicated in table 2.

Refer to Table 3 for typical standard run retention times. Other than the presence of the

analytical columnu the instrument conditions are the same.

12/18/03
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10.2. For each analyte of interest, prepare a minimum of 3 calibration standards and a blank by
adding accurately measured volumes of one or more stock standards to a volumetric flask and
dilution to volume with reagent water. If a sample analyte concentration exceeds the calibration
range the sample may be diluted to fall within the range. If this is not possible then three new
calibration concentrations must be chosen, two of which must bracket the concentration of the
sample analyte of interest. Each attenuation range of the instrument used to analyze a sample
must be calibrated individually.

10.3. Using an injection Volume of 25 uL of each calibration standard, tabulate peak height or area
responses against the concentration. The results are used to prepare a calibration Curve for
each analyte. During this procedure, retention times must be recorded. All analytes will be
calibrated using a quadratic regression forced through the origin. Correlation coefficients (R 2)
must be 0.995 or better.

11. PROCEDURE

11. . One time procedural variations are allowed only if deemed necessary in the professional judgment of
Supervision to accommodate vaniation in sample matrix, radioactivity, chemistry, sample size, or other
parameters. Any variation in procedure shall be completely documented using a Noncoifonbnrance
Memo and is approved by at Technical Specialist and QA Manager. If contractually required, the client
shall be notified. The Nonconfionnance Memno shall be foiled in the project file.

11.2. Anly unauthorized deviations from this procedureC must also be documented as a nionconfionnarice, with a
cause and corrective action described.

1 1.3. Table 2 summarizes the recommended operating conditions for the ion chrornatograph. Included in this
table are estimated retention times that canl be achieved by this method. Other columns,
chromatographic conditions, or detectors may be used if the requirements of Sect. 9.2 are met.

1 1.4. Check system calibration daily as outlined in Table I and, if required, recalibrate as described in Sect
10.

1 1.5. Load and inject a fixed amoulnt (25 UL) of settled & filtered sample. If the sample is Cloudy then it
Should be filtered prior to loading into the autosanipler polyvial. Flush injection loop thoroughly, using
each new sample. Use the same size loop for standards and samples. Record the resulting peak size in
area or peak height units. Ani automuated constant volume injection system may also be used.

1 1.6. The width of the retention time window used to make identifications should be based upon
mecasurements of actUal retention time variations of various concentration. Three times the standard
deviation of a retention time canl be used to calculate a Suggested window size for- each analytc.

I 2/1 8/03
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However, the experience of the analyst should weigh heavily in the interpretation of chromatograms
since retention time is concentration dependent for most analytes..

11.7. If the response for the peak exceeds the working range of the system, dilute the sample with an

appropriate amount of reagent water and reanalyze.

11.8. If the resulting chromatogram fails to produce adequate resolution, or if identification of specific
anions is questionable, fortify the sample with an appropriate amount of standard and reanalyze.

NOTE: Retention time is affected by concentration. Nitrate and sulfate exhibit the greatest
amount of change, although all anions are affected to some degree. Sec Table 3. In
some cases this peak migration may produce poor resolution or identification.

11.9. The following extraction should be used for solid materials: Add an amount of reagent water

equal to ten times the weight of dry solid material taken as a sample. This slurry is mixed for
one hour using a magnetic stirring device or tumbler. Filter the resulting Slurry before injecting

using a 0.45 urn membrane type filter. This can be the type that attaches directly to the end of
the syringe

11. 10. Should more complete resolution be needed between peaks the eluent (7.3) can be diluted.
This will spread out the run but will also cause the later eluting anions to be retained longer. The
analyst must determine to what extent the eluent is diluted. This dilution should not be
considered a deviation from the method.

12. DATA ANALYSIS AND CALCULATIONS

12. 1. Prepare a calibration curve for each analyte by plotting instrument response against standard

concentration. Compute sample concentration by comparing sample response with the standard curve.

Multiply answer by appropriate dilution factor.

12.2. Report only those values that fall between the lowest and the highest calibration standards.
Samples exceeding the highest standard should be diluted and reanalyzed.

12.3. Report results in mg/L for aqueous samples and mg/Kg for I hour leachates and mg/L for 18

hour leachates of solid samples.

12118103
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12.4. Report NO2- as N

NO;- as N

1-IP`04 as P

13. METHOD PERFORMANCE

13.1. The reportinglimiiits for thecfollowing analytes arcebased on a25 uLinjection volumne:

Analyte Water RL Soil RL

Fluoride 1.0 mg/L I10 mg/kg

Chloride 1.0 mng/L 10 mg/kg

Nitrite 0.5 mg/L 5 mg/kg

Bromide 0.5 nmg/L 5 mig/kg

Nitrate 0.05 mng/L 0.5 mg/kg

0-Phosphate 0.5 mng/L 5 mig/kg

StilljiteC 1.0 mng/L 1 0 mg/kg

13.2. The grotlp/tedn leader has the responsibility to ensure that this procedure is perfornied by anl
analyst who has been properly trained inl its usc and has the required experience. The analyst
Must be given two blind performance samples to analyze or process for analysis. Upon
SLuCCeSSIlli completion of the perfCormance evaluation (PE) samples, these analyses will be
documented as initial] qUalifieafion,. ReqUalification must be perfoimld annually thereafter for
this proccdlUrc. Thc group/teamn leader must document the training and PE performance and
Submit the results to thc QA Manager for inluCLsionl in the associate's training files.

14. POLLUTION PREVENTION

14.1. Thiis methlod does not contain anlyspecific miodificationisthat serveto miniminze or prevent
pollu1tion.

15. WASTE MANAGEMENT

12/18/03
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1 5.1. Waste generated in this procedure must be segregated, and disposed of according to the facility
hazardous waste procedures. The Environmental Health and Safety Director should be
contacted if additional information is required.

16. REFERENCES

16.1. Method 300.0, "Determination of Inorganic Anions by Ion Chromatography", Environmental
Monitoring Systems Laboratory, Office of Research and Development, U.S. Environmental
Protection Agency, Cincinnati, Ohio, Revision 2. 1, August 1993.

16.2. Method 9056A, "Determination of Inorganic Anions by Ion Chromatography", SW846, Test
Methods for Evaluating Solid Waste, Third Edition, Draft Revision 1, September 1999.

16.3. STL North Canton Laboratory Quality Manual (LQM), current version.

17. MISCELLANEOUS (TABLES, APPENDICES, ETC...)

17.1. Attachment #1, method Flow Chart

I17.2- Table I, Quality Control Samples

17.3. Table 2, Standard Instrument Operating Parameters

17.4. Table 3, Retention Time Matrix

17.5. Figure 1, Example Chromatogramn

12/18/03
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Determination Of Inorganic Anions By Ion Chromatography
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TABLE 1

QUALITY CONTROL SAMPLES

QC Samples Frequency Acceptance Corrective Action
Criteria _ _ _ _ _ _ _ _ _ _ _

Initial Calibration At the start of each day IO 1% of true value Recalibrate and reanalyze

Verification (ICV) following calibrating prior
to sample analysis

Initial Calibration Blank After Initial Calibration < the Reporting Limit Reprepare and reanalyze

(ICB) Verification and prior to

sample analysis

Laboratory Control I per batch of 20 samples Meets laboratory Reanalyze all samples

Sample (LCS) historical limits associated with
unacceptable LCS

Matrix Spike Sample I MS/MSD pair per Meets laboratory Supervisor's technical

(MS/N4SD) batch or 20 samples historical limits judgment

Continuing Calibration Between each group of +-10% of true valuc Recalibrate and reanalyze

Verification (CCV) IO injections and at the all samples since the last

end of the analytical acceptable CCV

sequence

Continuing Calibration Between each group of < the Reporting Limit Recalibrate and reanalyze

Blank (CCB) iO injections and at the all samples since the last

end of the analytical acceptable CCB

___ ___ __ ___ ___ __ ___ __ sequence _ _ _ _ _ _ _ _ _ _ _ _ _ _

12/18/03
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TABLE 2

Standard Instrument Operating Parameters

Standard Conditions:

Fluent Pump Rate: 1.20 mL/min (DX- 120 and DX-320)

Sample Loop: 25 UL

Eluent: I1.0mM sodium bicarbonate, 3.5mM sodium carbonate

Detector output Baseline conductivity should be IS - 20 uS prior to sample analysis.

TABLE 3

Standard Run Retention Time Matrix (minutes)*
Concentration (mg/L)

Analyte 0.05 0.2 0.5 1 2 2.5 5 10 20 40 50 100 200 RT
window

F- 2.75 2.75 2.75 2.75 2.75

cr- 3.97 3.98 4.03 4.08 4.17

N0 2 - 4.80 4.80 4.78 4.78 4.80

Br 6.15 6.13 6.10 6.08 6.07

N03- 7.33 7.27 7.17 7.13 7.07

o-P0 4
2 9.53 9.53 9.52 9.50 9.48

s2- 11.50 11.48 11.43 11.38 11.27

* Analyte rcteontion time is concentration dcpcndent Ibr most anions. Retention time increases with increasing
concentration for chloride. Retention time decreases with increasing concentration for bromide, nitrate, ortho-
phosphate and sulfate.

12/18/03
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EXAMPLE ION CHROMATOGRAM
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I. SCOPE AND APPLICATION

1. 1. This method is applicable for the determination of total alkalinity in drinking, surface,
saline, domestic, and industrial waters and wastewaters. It is also applicable to the
determination of water-soluble alkalinity in solid samples if they have been prepared
according to NC-WC-0073. It is based on EPA Method 3 10.1 and Standard Methods
23208. The working linear range is 5 to 1000 mg/L.

1.2. This document accurately reflects current laboratory standard operating procedures
(SOP) as of the date above. All facility SOPs are maintained and updated as necessary
by the laboratory QA department.

1.3. Quantl Ms reference for total alkal inity is VC (3 10.1I) and LV (23208).

2. SUMMARY OF METHOD

2.1. An unaltered sample is titrated to an electroimetrical endpoint of pl-1 4.5. The sample
must not Ihe filtered, concentrated, or altered in any way.

3. DEFINITIONS

3.1. Refler to the glossary in the STL North Canton Laboratory Quality Manual (LQM),
current version.

4. INTERFERENCES

4.1. Method interference's may be caused by contaminants in solvents, reagents, glassware,
and other processing apparatus that lead to discrete artifacts. All of these materials must
be routinely demonstrated to be free fr-om interferences under conditions of the analysis
by running laboratory method blanks as described in the Quality Control section.
Specific selection of'reagents may be required to avoid introduction of contaminants.

4.2. Samples with salts of weak organic and inorganic acids and greases or oils will interfere
with pH- measurements.

4.3. The method is Suitable for all concentration ranges of alkalinity; however, appropriate
aliquots should be used to avoid a titration VOILume1 greater than 50 nmL.



8 7718 02

ALKALINITY (TOTAL) SOP No. NC-WC-0006
Revision No. 4
Revision Date: 02/06/01
Page 4 of 13

5. SAFETY

5.1. Procedures shall be carried out in a maimer that protects the health and safety of all STL
North Canton associates.

5.2. Eye protection that satisfies ANSI 787.1 (as per the Chemical Hygiene Plan), laboratory
coat, and appropriate gloves must be worn while samples, standards, solvents, and
reagents are being handled. Disposable gloves that have been contaminated will be
removed and discarded; other gloves will be cleaned immediately.

5.3. The health and safety hazards of many of the chemicals used in this procedure have not
been fully defined. Additional health and safety information can be obtained from the
Material Safety Data Sheets (MSDS) maintained in the laboratory. The following
specific hazards are known:

5.3. 1. The following materials are known to be corrosive: Sulfuric Acid

5.4. Exposure to chemicals must be maintained as low as reasonably achievable, therefore,
unless they are known to be non-hazardous, all samples must be opened, transferred and
prepared in a flume hood, or under other means of mechanical ventilation. Solvent and
waste containers will be kept closed unless transfers are being made.

5.5. The preparation of standards and reagents will be conducted in a flume hood with the
sash closed as far as the operation will permit.

5.6. All work must be stopped in the event of a known or potential compromise to the health
and safety of a STL NORTH CANTONassociate. The situation must be reported
immediately to a laboratory supervisor.

6. EQUIPMENT AND SUPPLIES

6.1. Alkalinity - Manual

6. 1 .1. Stir plate and stir bars

6.1.2. Graduated cylinders: various

6.1.3. Beakers: various

6.1.4. Buret: Class A 25 mL or 50 mL (preferred)

6.2. Alkalinity - Automated
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6.2. 1. Autotitrator

6.2.2. 50 mL centrifuge tubes

6.3. Alkalinity - Manual and Automated

6.3.1. p1-1 meter and electrodes) with temperature compensation

6.3.2. Volumectric pipettes: various

6.3.3. Autopipettor and disposable tips

6.3.4. Top loading balance: Capable of accurately weighing ±0.01 g

6.3.5. VoIlumetric flasks: various

6.3.6. Oven

6.3.7. Desiccator

7. REAGENTS AND STANDARDS

7.1. Reagents

7.1.1. 0.02 N Sulfu'Lric Acid: reagent grade, purchased, standardized monthly.

7.1.2. Sodium Carbonate (Na 2lCO 3): standard grade, dry overnight in I180 0C oven and
cool in a desiccator or purchased primary standard grade.

7.1.3. Sodium Carbonate Solution: Add 2.50g of'Na2CO 3 (record exact weight of
Na 2CO3 used) to a lOO0niL voIlumetric tlask and dilute to voIlume1 with reagent
water. Mix well.

7.2. Standards

7.2. 1. Target Calibration Standard

7.2.1I.1I. pl-I Bu~ffers: 4, 7, and 1-0 (M aIU factured)
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7.2.2. Laboratory Control Sample

7.2.2.1. Alkalinity Standard, 25,000 mg/L CaCO 3 , purchased or other
commercially available reference solutions.

7.2.3. Matrix Spike Standard

7.2.3.1. Alkalinity Standard, 25,000 mg/L CaCO3 , purchased

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1. Samples are not chemically preserved.

8.2. Samples are stored in plastic or glass containers at 40C ± 20C.

8.3. The holding time is fourteen days from sampling to analysis.

8.4. The bottle must be filled with no headspace and provided in a separate container.

8.5. Do not open sample bottle before analysis. If other tests are to be performed fromn the
same bottle, Alkalinity must be detennined first. This is dependent on the client actually
sending a separate bottle for alkalinity.

9. QUALITY CONTROL

9.1. Batch Definition

9. 1 .1. A batch is a group of no greater than 20 samples excluding QC samples (LCS,
Method Blank, MS, MSD) which are processed similarly, with respect to the
procedure. All sample setups must be initiated within a 24-hour period from the
initial preparation or extraction and without interruption of the process. All
samples within the batch must be treated with the same lots of reagents and the
same processes.

9.2. Method Blank

9.2. 1. One method blank (MB) must be processed with each preparation batch. The
method blank consists of reagent water containing all reagents specific to the
method that is carried through the entire analytical procedure, including
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prcparation and analysis. The method blank is used to identify any system and
process interference's or contamination of the analytical system that may lead to
the reporting of elevated analyte concentrations or false positive data. The
method blank should not contain any analyte of interest at or above the reporting
liniit.

9.2.2. A reagent water blank consisting of 50 mL of reagent water and all other reagents
added to samples within the analytical batch is analyzed with each analytical
batch of samples.

9.2.3. Corrective Action for Blanks

9.2.3.1. If the analyte level in the method blank exceeds the reporting limit for
the analytes of interest in the sample, all associated samples are
reprepared and reanalyzed. If' this is not possible due to limited sample
quantity or other considerations, the corresponding sample data must
be addressed in the project narrative.

9.2.3.2. If' there is no analyte greater than the RL in the samples associated with
anl unacceptable method blank, the data may be reported with
qualifiers. Such action must be taken in consultation with the client
and must be addressed in the project narrative.

9.3. Laboratory Control Sample (LCS)

9.3.1. One aqueCous LCS must be processed with each preparation batch. Thle LCS must
be carried through the entire analytical procedure. The LCS is used to monitor
thle accuracy of the analytical process. Onl going monitoring of the LCS results
provides evidence that thle laboratory is performing the method within acceptable
,accuracy and precision guidelines.

9.3.2. Ani LCS consisting of I il- of thle 25,000 rmg/L alkalinity standard and 50 iml-
reagent water or other commercially available reference solution is analyzed with

cacti analytical batch of sampleCs.

9.3.3. Corrective Action for LCS

9.3.3.1. if any analyte is outside established control limits the system is out Of

control and corrective action must occur.

9.3.3.2. Corrective action will be repreparation and reanalysis of the batch
unless thle client agrees that other corrective action is acceptable.
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9.4. Matrix Spike/Matrix Spike Duplicate (MS/MSD)

9.4.1. One MIS/MISD pair must be processed for each batch. A matrix spike (MS) is a
field sample to which known concentrations of target analytes have been added.
A matrix spike duplicate (MISD) is a second aliquot of the same sample (spiked
identically as the MS) prepared and analyzed along with the sample and matrix
spike. Some client specific data quality objectives (DQO's) may require the use
of sample duplicates in place of or in addition to MIS/MSD's. The MS/MISD
results are used to determine the effect of a matrix on the precision and accuracy
of the analytical process. Due to the potential variability of the matrix of each
sample, these results may have immediate bearing only on the specific sample
spiked. Samples identified as field blanks cannot be used for MIS/MISD analysis.

9.4.2. An MS/MSD consisting of I mL of the 25,000 mg/L alkalinity standard and
50 nml- of the sample will be analyzed.

9.4.3. Corrective action for MS/MSDs

9.4.3.1. If the analyte recovery or RPD falls outside the acceptance range, the
recovery of that analyte must be in control for the LCS. If the LCS
recovery is within limits, then the laboratory operation is in control and
the results may be accepted. If the recovery of the LCS is Outside
limits, corrective action must be taken. Corrective action will include
repreparation and reanalysis of the batch.

9.4.3.2. If the native analyte concentration in the MS/MISD exceeds 4x the spike
level for that analyte, the recovery data is reported as DIL (diluted out).

9.4.3.3. If an N4S/MSD is not possible due to limited sample volume then a
laboratory control sample duplicate (LCSD) should be analyzed. The
RPD of the LCS and LCSD must be compared to the matrix spike RPD
limits.

9.5. QC Acceptance Criteria

9.5.1.1. Control limits are established by the laboratory as described in NC-QA-
00 18.

10. CALIBRATION AND STANDARDIZATION

10.1. Instrument Directions
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1 0. 1.1. Calibrate the pH meter according to the manufacturer's specifications. See pH
Electrode Method SOP # NC-WC-00 10.

10.2. Initial Calibration

1 0.2. 1. The p1- meter is calibrated everyday with the 4 and the 7 calibration buffers and is
verified at the beginning of the mun by using the 10 buffer. The pH- buffers
should bracket the sample concentration.

10.3. Continuing Calibration

10.3. 1. The pH meter is checked every ten readings with a midrange (pH-17) buffer to
ensure the calibration remain linear. The acceptance range for the calibration
cheek is '7 ± 0.05 pH- units or recalibration is necessary.

II. PROCEDURE

11.1. One time procedural variations are allowed only if deemned necessary in the professional
judgment Of Supervision to accommodate variation in sample matrix, radioactivity,
chemistry, sample size, or other parameters. Any variation in procedure shall be
completely documented using a Nonconformance Memo and is approved by a Technical
Specialist and QA Manager. If contracltually required, the client shall be notified. The
Nonconformance Memo shall be filed in the project file.

1 1.2. Any unlauthorized deviations from this procedure must also be documented as a
nonconformance, with a cause and corrective action described.

1 1.3. Sample Preparation

11.3. 1. For solids preparation, see SOP NC-WC-0073.

1 1.3.2. No preparation is necessary for water samples.

1 1.4. Standardization

1 1.4. 1. To standardize 0.02 N sulfuric acid, titrate 50 ml- reagent water and 0. 125 g
sodium carbonate (weighed accurately and recorded) with 0.02 N I-12S0 4 to a pH
of4S. This should be per-fornied monthly or on a new lot of acid (whichever is
more frequent). Calculate as follows:
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N A x 00(manual)
53.00 x B

N A x 1000 20_ (Autotitrator)
53. 00 x B 50

A=gNa2CO3

B~mL .02 N H2S0 4 titrant

11.5. Repeat standardization two or three more times. Record standardization in the calibration
logbook.

11.6. Sample Analysis - Manual

11.6.1. Do not shake samnple.

1 1.6.2. Record the initial pH prior to sample analysis

11.6.3. Record the initial pH prior to sample analysis. Use a sufficiently large volume of
titrant (>20 mL in a 50 mL buret) to obtain good precision while keeping the
volume low enough to permit a sharp end point

11.6.4. Place 50 mL of sample, or an aliquot diluted to 50 mL with reagent water, in a
beaker. Begin mixing; measure and record initial pH of the sample. Titrate the
sample to an endpoint of pH 4.5 with 0.02 N H2S0 4. Record the volume of the
titrant on the analytical logsheet. Samples requiring >50 mL titrant (> 75 mL
using autotitrator) should be re-analyzed using less sample volume. Record
dilution.

11.6.5. Use a sufficiently large volume of titrant (>20 mL in a 50 mL buret) to obtain
good precision while keeping the volume low enough to permit a sharp end point.

11.7. Sample Analysis - Automated - Summary

1 1.7. 1. The samples are analyzed on the autotitrator for Total Alkalinity.

11.7.2. Do not shake sample.

1 1.7.3. Place 50 mL of sample, or anl aliquot diluted to 50 mL with reagent water, in a 50
mL centrifuge tube. See Manufacturer's information for operating instructions.
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11.7.4. Ir a dilution of the sample was done change the volume on the schedule to reflect
the dilution.(based on a 20 mL sample inject) For alkalinity the dilution factor
will be taken into account in the final calculation. Do not manually multiply the
dilution unless it was not typed into the schedule.

1 1.7.5. After the results have been gathered from the instrument make sure to check the
pH of all the samples. If a sample has an initial pH of >4.5 and the Total
Alkalinity is zero, the sample must be diluted and reanalyzed.

11.8. Analytical Documentation

11.8.1. Record all analytical information in the analytical logbookilogsheet, including the
analytical data from standards, blanks, LCSs, MS/MSDs, and any corrective
actions or modifications to the method.

11.8.2. All standards are logged into a department standard logbook. All standards are
assigned a unique nlumber for identification. The supcrvisor or designee reviews
logbooks.

1 1.8.3. Documecntation Stich as all associated instrumeCnt printouts (Final runs, scrccns,
reruns, QC samples, etc.) and daily calibration data corresponding to all final runs
is available fbr each data file.

11.8.4. Sample restilts and aissociated QC are entered into the LIMs after final technical
review.

12. DATA ANALYSIS AND CALCULATIONS

1 2. 1. Al1kalinity, nig/L CaCtij to pH 4,5 = A x N x 50,000
niL of samnple

12.2. LCS 0/ ing I L x 100
500 (trute)

MS/MSD% '= B C x 100
500 (trute)

Where:

A =ml- of Titrant
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N Normality of Titrant

B =MS/MSD, mgIL

C =Sample, mg/L

13. METHOD PERFORMANCE

13. 1. Each laboratory must have initial demonstration of performance data on file and
corresponding method detection limit files.

13.2. Training Qualifications:

13.2. 1. The group/team leader has the responsibility to ensure that an associate who has
been properly trained in its use and has the required experience performs this

procedure.

14. POLLUTION PREVENTION

14.1. This method does not contain any specific modifications that serve to minimize or
prevent pollution.

15. WASTE MANAGEMENT

15.1. Acid waste must be collected in clearly labeled acid waste containers.

15.2. Solid materials (gloves, soiled paper products, etc.) are placed in the solid debris

container. Do not put liquids in the solid waste container.

15.3. Refer to the Laboratory Sample and Waste Disposal plan.

15.4. Laboratory personnel assigned to perform hazardous waste disposal procedures must
have a working knowledge of the established procedures and practices of STL. They
must have training on the hazardous waste disposal practices upon initial assignment to

these tasks, followed by an annual refresher training.

16. REFERENCES

16-1. References
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16.1.1. EPA-600/4-79-020, Methods for Chemical Analysis of Water and Wastes,
Revised March 1983, Alkalinity, Method 3 10. 1.

16.1.2. Standard Methods for the Examination of Water and Wastewater, 18th Edition,
1992,Alkalinity Methods, 2320B.

16.1.3. EPA 600, Methods for Chemical Analysis of Water and Wastes, pHI, Method
150.1.

16.2. Associated SOPs

16.2. 1. Solid Extraction for Wet Chemistry Parameters, NC-WC-0073.

16.2.2. pl- Electrode Method for Wet Chemistry Parameters, NC-WC-001IO.

1 6.2.3. Statistical Evaluation of Data and Development of Control Charts, NC-QA-00 18.

17. MISCELLANEOUS (TABLES, APPENDICES, ETC...)

17.1. Reporting limits

17.1.1. The lower reporting limit (RL) for undiluted samples is 5 mg/L CaCO3.

17.1.2. IF'samples require dilution or smaller volumes than specified in this method, the
RL will be elevated.

17.2. Method Deviation

17.2.1. A fixed endpoint of 4.5 is used for all samples since the sample concentration is
oFten unknown.

17.2.2. The Sodium Carbonate (Na 2 CO3) is dried at I180 0C overnight instead of at 2500 C
For 4 hours.

1 7.2.3. The standard acid soIlution is not boiled gently for 3-5 minutes under a watch
glass cover.
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1. SCOPE AND APPLICATION

1. 1. This method is applicable to the determination of the concentration of Sulfide in waters,

liquids, solids, and sludges. It is based on SW846 Method 90308 and Methods for

Chemical Analysis of Water and Wastes (MCAWW) 3 76. 1. The working range is I to

30 mg/L for waters and 10-650 mg/kg for solids and sludges.

1.2. This document accurately reflects current laboratory standard operating procedures

(SOP) as of the date above. All facility SOPs arc maintained and updated as necessary
by the laboratory QA department.

1.3. The associated QuantIMS method codes are TV (903083) and CT (376. 1).

2. SUMMARY OF METHOD

2.1. For acid soluble sulfide samples, separation Of sulfide from the sample matrix is

accomplished by the addition of sulfuric acid to the sample. The sample is heated to 70%C

and the hydrogen sulfide (H2S) which is formed, is distilled under acidic conditions and

carried by a nitrogen stream into zinc acetate scrubbing bottles where it is precipitated as

zinc sulfide.

2.2. For acid-insoluble sulfide samples, separation of sulfide from the sample matrix is

accomplished by suspending the sample in concentrated hydrochloric acid by vigorous

agitation. Tin (Il) chloride is present to prevent oxidation of sulfide to sulfur by the metal

ion (as in copper (1I)), by the matrix, or by dissolved oxygen in the reagents. The

prepared sample is distilled under acidic conditions at 100%C under a stream of nitrogen.

Hydrogen sulfide gas is released from the sample and collected in gas scrubbing bottles

containing zinc(IL) and a strong acetate buffer. Zinc sulfide precipitates.

2.3. An excess of iodine is added to a sample which oxidizes the Sulfide to sulfur under acidic

conditions. The excess iodine is back titrated with sodium thiosulfate.

3. DEFINITIONS

3.1. Refer to the glossary in the STL North Canton Laboratory Quality Manual (LQM).

4. INTERFERENCES

4. 1. Method interferences may be caused by contaminants in solvents, reagents, glassware,

and other processing apparatus that lead to discrete artifacts. All of these materials must

be routinely demonstrated to be free from interferences under conditions of the analysis
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by running laboratory method blanks as described in the Quality Control section.
Specific selection of reagents may be required to avoid introduction of contaminants.

4.2. Reducing substances such as thiosulfite, sulfites, and various organic compounds cause
interferences, but treatment with zinc acetate solution will eliminate some of these
interferences. (Use approximately IS drops of 2 N zinc acetate per 500 mL of sample if
not already preserved with it.)

4.3. Samples that contain) strong oxidizers or reducers will interfere with this method.

5. SAFETY

5.1. Procedures shall be carried out in a manner that protects the health and safety of all STL
North Canton associates.

5.2. Eye protection that protects against splash, laboratory coat, and appropriate gloves must
be worn while samples, standards, solvents, and reagents are being handled. Disposable
gloves that have been contaminated will be removed and discarded; other gloves will be
cleaned immediately.

5.3. The health and safety hazards of many of the chemicals used in this procedure have not
been fully defined. Additional health and safety infonnation can be obtained from the
Material Safety Data Sheets (MSDS) maintained iii the laboratory. The following
specific hazards are known:

5.3. 1. The following materials are known to be corrosive: Hydrochloric Acid, Sodium
Hydroxide, and Sulfuric Acid.

5.4. Exposure to chemicals must be maintained as low as reasonably achievable, therefore,
unless they are known to be non-hazardous, all samples must be opened, transferred and
prepared in a fumec hood, or tinder other means of mechanical ventilation. Solvent and
waste containers will be kept closed unless transfers are being made.

5.5. The preparation of standards and reagents will be conducted in a fume hood with the
sash closed as far as the operation will permit.

5.6. It is recommended that necat standards be purchased only as a last resort. The preparation
of' standards from neat materials and reagents should be conducted in a fumec hood with
the sash closed as far as the operations will permit.

5.7. Standards in Solution may be dilkited in the open laboratory when syringes and the like
are utilized.
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5.8. All work must be stopped in the event of a known or potential compromise to the health
and safety of a STL North Canton associate. The situation must be reported immediately
to a laboratory supervisor.

6. EQUIPMENT AND SUPPLIES

6.1. Volumetric pipettes: various

6.2. Buret: 25 mL Class A

6.3. Erlenmeyer flasks: 500 mL

6.4. Graduated cylinder: 250 mL

6.5. Top loading balance: capable of accurately weighing ±0.01 g

6.6. Volumetric flasks: various

6.7. Vacuum pump, filter and flask

6.8. Whatman 934-AH filters

6.9. Distillation apparatus containing: 250 mL addition funnel, 500 mL - 3-neck reaction
flask, sparging tube and I - 500 imL Erlenmeyer Flask.

6.10. Stirring / Hot Plates

6.11. Crystallizing dishes

7. REAGENTS AND STANDARDS

7.1. Reagents

7.1.1. (1: 1) Hydrochloric Acid: Add 250 mL concentrated hydrochloric acid (HCI) to
250 mL of reagent water.

7.1.2. Starch Indicator: Add 10 mL of reagent water to 5 g starch (potato) and mix.
Add starch mixture to 500 mL of boiling reagent water. Mix, cool, and store in a
well-labeled squirt bottle. Alternately, use purchased starch solution.
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7.1.3. 0.025 N Sodium Thiosulfate (stored in dessicator): Add 0.4 g NaGH and 6.205 g
of sodium thiosulfate (Na 2S2O3 .5H-20) to 500 mL of reagent water in a I liter
volumnetric. Dilute to volume with reagent water. Store in a dark container. Also
available commercially.

7.1.3.lI.Standardization of 0.025 N Sodium Thiosulfate Solution: *To make
0.025N Biodate Solution, dissolve 0.462 g KH(10 3)2 in 500 nmL with
reagent water. Weigh 2 g KI in a 500 nmL Erlemnmeyer flask. Add tOO to
ISO rnL reagent water, S drops [H2S04 and 20 mL biodate solution using a
VOIlumctric pipet. Dilute to 200 mL with reagent water. Titrate with
Sodium Thiosulf'ate. When a pale straw yellow color is reached, add 1-2
mnL starch. Continue titrating from a blue to a clear end point.

*Note: Biodate Solution may be purchased.

Ca lcu Iat ion

NaS 2Of Normalaity = (a) (b)

a m uLs Biodate ('20 ,nL)

h = Norinalitj' Bitnlate (0. 025N,)

C = mLs of Na2S'OJ used to fitrrate Repeat two nmore times
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7.1.4. 0.0282 N Iodine Solution: Add 20 g KI (potassium iodide) and 3.2 g iodine to a 1

liter volumetric flask. Add 500 - 700 mL of reagent water and dissolve. Dilute to

volume with reagent water. Store in a dark container. Also available
commercially.

7.1.4.lI.Standardization 0.025 N Iodine Solution: Perform three method blanks
daily. Refer to method blank section in SOP.

Calculation

Noraliy Idin -(Normality Na2S 2 O3ftmL of titrant Naf2 O23 )

20 niL Iodine

7.1.5. 2N Zinc Acetate: Dissolve 220 g of zinc acetate in 870 mL of reagent water and
dilute to I liter with reagent water.

7.1.6. Formaldehyde (37% solution), CH2O). This solution is commercially available.

7.1.7. Zinc Acetate for the Erlenmneyer flasks:

7.1.7. 1. For acid-soluble Zinc: Zinc acetate solution (approximately OS5M).
Dissolve I l Og Zinc acetate, dihydrate NaC2 H3O 2 , in 800 mLt of reagent
water. Add 1 rnL concentrated hydrochloric acid and dilute to I liter.

7.1 .7.2.For acid-insoluble sulfides: Zinc acetate/sodium acetate buffer. Dissolve

100 g sodium acetate, NaCJ21 30 2, and I11 g zinc acetate dihydrate in 800
mL of reagent water. Add I mL concentrated hydrochloric acid and dilute

to I liter. The resulting pH- should be 6.8

7.1.8. Sulfuric acid -50%. Place 450 mL of reagent water in a volumectric flash.
Slowly add 500 mL concentrated Sulfuric Acid (H2S04). Use extreme caution
- this is an exothermic reaction and will create excess heat. This solution is
commercially available.

7.1.9. Hydrochloric Acid, 9.8N, for acid-insoluble sulfides: Place 200 mL of reagent
water in a I -liter beaker. Slowly add concentrated HCI to bring the total volume
to I liter.

7.1.10. Tin (11) chloride, SnCl2 , granular
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7.2. Standards

7.2. 1. Laboratory Control Sample

7.2.1.1. 2000 ppmn Sulfide: Add 3.5 g of sodium sulfide to 100 ml- of reagent
water in a 250mL volumectric flask. Dilute to volume with reagent water.
The sulfide standard must be verified each working day. If the resulting
value is <75% of the original standard, a new solution must be prepared.

7.2.2. Matrix Spike Standard

7.2.2.I.Prepare a midrange matrix spike standard as described in 7.2.1 for use as a

MS/MS D.

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1. Waters are preserved to a pl- > 9 with NaOHl and zinc acetate. Non-water samples are
un1preserved. All matrices are stored at 40C ± 20C in plastic or glass containers.

8.2. The holding time is seven days from sampling to analysis.

9. QUALITY CONTROL

9.1. Batch Definition

9.1.1. A batch is a group of no greater than 20 samples excluding QC samples (l-CS,
Method Blank, MS, MSD) which are processed similarly, with respect to the
procedure. All sample Setups must be initiated within a 24 hour period from the
initial preparation or extraction and without interruption of the process. All
samples within the batch must be treated with the same lots of reagents and the
same processes.

9.2. Method Blank

9.2.1. One method blank (MB) must be processed with each preparation batch. Thle
method blank consists of reagent water containing all reagents specific to the
method that is carried through the entire analytical procedure, including
preparation and analysis. The method blank is used to identify any system and
process interferences or contamination of the analytical system that may lead to
the reporting of elevated analyte concentrations or false positive data. The
method blank should not contain any analyte of interest at or above the reporting
unmit.
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9.2.2. A reagent water blank consisting of 250 mL of reagent water must be analyzed

with each analytical batch of samples.

9.2.3. Corrective Action for Blaniks

9.2.3.1 If the analyte level in the method blank exceeds the reporting limit for the
analytes of interest in the sample, all associated samples are reprepared
and reanalyzed. If this is not possible due to limited sample quantity or

other considerations, the corresponding sample data must be addressed in
the project narrative.

9.2.3.2.If there is no analyte greater than the RL in the samples associated with an
unacceptable method blank, the data may be reported with qualifiers.
Such action must be taken in consultation with the client and must be
addressed in the project narrative.

9.3. Laboratory Control Sample (LCS)

9.3.1. One aqueous LCS must be processed with each preparation batch. The LCS must
be carried through the entire analytical procedure. The LCS is used to monitor
the accuracy of the analytical process. On-going monitoring of the LCS results
provides evidence that the laboratory is performing the method within acceptable

accuracy and precision guidelines.

9.3.2. A midrange LCS is prepared by adding 2.5 mLt for Method 376.1 and 1.0 mL for
Method 90308 (water samples) or 1.0 mL (solid samples) of 2000ppm sulfide
standard to a flask. This standard must be analyzed with each analytical batch of
samples.

9.3.3. Corrective Action for LCS

9.3.3.LlIf any analyte is outside established control limits the system is out of

control and corrective action must occur.

9.3.3.2.The only exception is that if the LCS recoveries are biased high and the
associated sample is ND for the paramneter(s) of interest, the batch is
acceptable. This must be addressed in the project narrative.

9.3.3.3.Corrective action will be repreparation and reanalysis of the batch unless
the client agrees that other corrective action is acceptable.
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9.4. Matrix Spike/Matrix Spike Duplicate (MS/MSD)

9.4.1. One MS/MSD pair must be processed for each batch. A matrix spike (MS) is a
field sample to-which known concentrations of target analytes have been added.
A matrix spike duplicate (MSD) is a second aliquot of the same sample (spiked
identically as the MS) prepared and analyzed along with the sample and matrix
spike. Some client specific data quality objectives (DQO's) may require the use
of sample duplicates in place of or in addition to MS/MSD's. The MS/MSD
results arc used to determine the effect of a matrix on the precision and accuracy
of the analytical process. Due to the potential variability of the matrix of each
sample, these results may have immediate bearing only on the specific sample
spiked. Samples identified as field blanks cannot be used for MS/MSD analysis.

9.4.2. A MS/MSD consisting of 30 g or 250 nl- of the sample and 2.5 mL for Method
376.1 or 1.0 miL for Method 90308 of 2000 ppm sulfide standard should be
,analyzed with every 20 samples.

9.4.3. Corrective action for MS/MSDs

9.4.3.1 Af the analyte recovery or RPD Ialls outside the acceptance range, the
recovery of that analyte must be in control for the LCS. If the LCS
recovery is within limits, then the laboratory operation is in control arid
the results may be accepted. If the recovery of the LCS is Outside limits,
corrective action munst be taken, Corrective action will include
repreparation and reanalysis of the batch.

9.4.3.2.1f the native analyte concentration in the MS/MSD exceeds 4x the spike
level for that analyte, the recovery data is reported as "amount' MSB. The
Exception Code is changed to NC. The following two footnotes will
appear on the report page "NC The recovery and/or RPD were not
calculated." "MSB The recovery and RPD were not calculated because
the sample amount was greater than four times the spike amount."

9.4.3.3.1f ani MS/MSD is not possible due to limited sample volume then a
laboratory control sample duplicate (LCSD) should be analyzed. The
RPD of the L-CS and LCSD must be compared to the laboratory limits.

9.5. Control Limits

9.5. 1. Control limits are established by the laboratory as described in SOP, NC-QA-
00 18.
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9.5.2. Laboratory control limits are internally generated and updated periodically unless
method specified. Control limits are listed in the Laboratory Quality Manual
(LQM) and the latest is version easily accessible via the LIN~s (QC Browser
program).

9.6. Method Detection Limits (MDLs) and MDL Checks

9.6.1. MDLs and MDL Cheeks areestablished by the laboratory as described in SOP,

NC-QA-002 1.

9.6.2. MDLs are listed in the Laboratory Quality Manual (LQM) and the latest version
is easily accessible via the LIMs (QC Browser program).

9.7. Nonconformance and Corrective Action

9.7.1. Any deviations from QC procedures must be documented as anoniconformance,
with applicable cause and corrective action approved by the facility QA Manager.

10. CALIBRATION AND STANDARDIZATION

10.1. Not Applicable

11. PROCEDURE

11.1. One time procedural variations are allowed only if deemed necessary in the professional
judgment of supervision to accommodate variation in sample matrix, radioactivity,

chemistry, sample size, or other parameters. Any variation in procedure shall be
completely documented using a Nonconformance Memo and is approved by a Technical

Specialist and QA Manager. If contractually required, the client shall be notified. The
Nonconformance Memo shall be filed in the project file.

11.2. Any unauthorized deviations from this procedure must also be documented as a
nonconformance, with a cause and corrective action described.

11.3. Sample Preparation

1 1.3. 1. Water Samples Method 3 76.1

1 1.3. 1. 1.Using the vacuum apparatus, filter 250 mL (or a lesser aliquot) of well
homogenized sample. Discard the filtrate and analyze the filter pad and
solids following section 11.4. Record volume filtered on the analytical
logsheet.
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11.3.2. Aqueous Sample Method 9030B

I 1.3.2.lI.For an efficient distillation, the mixture in the distillation flask must be of
such a consistency that the motion of the stirring bar is sufficient to keep
the solids from settling. The mixture must be free of solid objects that
Could disrupt the stirring bar. Prepare the sample using one of the
procedures in this section then proceed with the distillation step.

I 1.3.2.2.1lfthc sample is aqueous, shake the sample container to suspend any
solids, then quickly decant the appropriate volume (250 ml-) of the sample
to a graduated cylinder. Transfer the contents of the graduated cylinder
into the reaction flask.

I113.2.3ff the sample is aqueous, but contains a large proportion of solids, the
sample may be roughly separated by phase and the amount of each phase
measured and weighed to the nearest milligram into the distillation flask in
proportion to their abundance in the sample. Reagent water may be added
uip to a total volume of 250 rnL.

11.3.3. Solids and Waste Samples, Method 90308

1 1.3.3.1 IWeigh Out 30 g +1- 0. I g of homogenized -sample and put into the
reaction flask.

II 1.3.3.2.Samples that are not water miscible (oils, various Solvents) cannot be
analyzed uIsing this method.

1 1.3.4. 9030B Distillation

11.3.4.].Acid Soluble Sulf'ides:

I 1.3.4.l.1.Add 30g +/- 0.lg of solid sample plus 200 mrl- ofreagent water
or 250 ml- of aqueCous sample and a stir bar to the reaction flask

I 1.3.4.1 .2.Attaclh the reaction flask to the distillation apparatus Such that
the bottom of the reaction flask does not touch the bottom of the
crystallizing dish (Submerge approximately 1/3 of the flask in the
warmn water).

I 1.3.4.1 .3.Add I100 nl- of 500, 1-12S04 (7.1.8) to the addition flask and
place in the ceniter neck of the reaction flask. Attach the nitrogen
flow line to the top of the addition flask.
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I 1.3.4.1.4.Prepare one (1) gas trap bottles for each distillation setup by
adding 200 mL of reagent water, 40 mL of zinc acetate buffer
(7.1.7. 1) and 10 mL of formaldehyde (7.1.6) to each trap.

11.3.4.1.5.Connect the trap and insert the trap arm into the right neck of
the reaction flask. Turn on the nitrogen to approximately 5 psi and
adjust the flow to 3 - 5 bubbles per second and purge for 15
minutes.

11.3.4.1 .6.Add spike and LCS solution by removing the trap arm and
pipetting the spike solution, below the surface of the water.
Replace the trap arm and re-establish the flow of nitrogen, purge
for 5 minutes.

I 1.3.4.1.7.Open the addition funnel to add the sulfuric acid (7.1.8) drop by
drop. Do not open the stop cock fully. Distill the sample for 90
minutes, maintaining 70%C in the water bath.

I11.3.4.1 .8.Fill the crystallizing dish with 650 - 700 rnL of reagent water
and place on the hotplate/stirrer. Turn on the hotplate to a setting
of "6" for approximately 1 5 - 20 minutes. Turn down to a Setting
of "4" to maintain a temperature of 70%C, +1- 5MC.

I11.3.4.2.Acid-Insoluble Sulfide:

I l.3.4.2.lI.As the concentration of HCI during distillation must be within a
narrow range for successful distillation of H2S, the water content
must be controlled. It is imperative that the final concentration of
HCI in the distillation flask be about 6.5N and that the sample is
mostly suspended in the fluid by the action of the stirring bar. This
is achieved by adding 50 mL of reagent water, including water in
the sample, 100 mL of 9.8N H-Il, and the sample to the distillation
flask. Solids which absorb water and swell will restrict fluid
motion and, therefore, lower recovery will be obtained. Such
samples should be limited to 25 g dry weight.

I 1.3.4.2.2.lf the matrix is aqueous, then a maximum of 50 g of the sample
may be used. No additional water may be added.

I1l.3.4.2.3.If the matrix is dry solid, use 30 g +/- 0.1I g of the sample and
add 50 mL of reagent water.
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11L3.4.2.4.Add 5 g SaCd to each distillation flask

II 1.3.4.2.5.Assemble the distillation apparatus. Place 200 +/- 4.0 mL of
zinc acetate/sodium acetate buffer solution and 10.0 mL ±/- 2.0 mL
of 37% formaldehyde in each Erlcnmeyer flask. Add 40 mL DI
water.

I l.3.4.2.6.Add ItOO +/- 1.0 muL of 9.8N HICL to the addition funnel.
Connect the nitrogen line to the top of the funnel and turn the
nitrogen on to pressurize the dropping funnel headspaee.

II1.3.4.2.7.Set the nitrogen flow at 25 mL/mrin. The nitrogen in the
Erlenrneyer flask should bubble at about five (5) bubbles per
second. Purge the oxygen from the system for about 15 minutes.

II 1.3.4.2.8.TUrn on the magnetic stirrer. Set the stirring bar to spin as fast
as possible. The fluid should fonn a vortex. If not, the distillation
will exhibit poor recovery. Add all the HCI from the dropping
funnel to the llask.

I I1.3.4.2.9.1l-leat the water bath to the boiling point (I 00OC). the sample
may or may not be boiling. Allow the purged distillation to
proceed for 90 minutes at I100(C.

*Note: Watch water dishes so they don't go dry!

11 .4. Sample Analysis

I 1.4.1I. Summary

I11.4.1.1.Excess iodine is added to a sample and under acidic conditions is back
titrated with sodium tliiosulfate from a blue to a clear color.

11.4.2. Sample Analysis Procedure

1 1.4.2.1 Method 376. I: Place the filter pad from the filtered water sample in a 500
mLt Erlennmeyer flask. At this time, add any spiking solutions if necessary
for the filtered water samples. Add 20.0 mnL .028 N Iodine solution and I -
2 nL- I: I I-IC] Solution (watch for fumnes). Cheek the pH prior to titration
to make Sure it is less thtan 2. If the pH is not <2, add additional acid.
Add 250 nil- reagent water only for the water samples and mix. Add I
squirt (1-2 mL) of starch indicator and mix. Titrate from blue to clear
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with .025 N sodium thiosulfate titrant. Record the amount of titrant used

on the analytical logsheet.

Note: Some matrices may be turbid or colored and the color change from
blue to clear may not be easily seen. In this case, look for a shade change.

1 1.4.2.2. 9030B3/9034 Titrations: Titrate the scrubber solution in the Erlenmeyer.
Add 20 mL of 0.028 N iodine solution under the liquid level in the
Erlenmeyer, and 1-2 mL of 1:1I HClI solution. (More H-CI is needed for
insoluble 9030B.) Check the pH prior to titration to make sure it is less
than 2. Add I squirt of starch indicator and mix. Titrate from blue to
clear with .025 N sodium thiosulfate titrant.

*Note: Because of the buffer and the formaldehyde, the titration will take

between 15 -30 minutes. Add titrant slowly to allow the
reaction to take place. Overtitrating could be an issue if thle
titrant is added too quickly.

Il1.4.2.3.After adding 20 mL iodine, the color should be orange/red. If the color
remains yellow, add additional 10 mL aliquots until the orange/red color
persists (adjust the calculation accordingly). If the sample requires more
than 60 mL of iodine, thle sample must be rc-prepped at a smaller dilution.
The iodine should turn a yellow-orange color when added to the sample
after the addition of the reagent water. If it does not, the sample may be
high in sulfide and less sample should be used, or more iodine for 9030B.

11.5. Analytical Documentation

11.5.1. Record all analytical information in the analytical logbook/logsheet, which may
be in electronic format, including the analytical data from standards, blanks,
LCSs, MS/MSDs, and any corrective actions or modifications to the method.

1 1.5.2. All standards are logged into a department standard logbook. All standards are
assigned a unique number for identification. Logbooks are reviewed by the
supervisor or designee.

11.5.3. Documentation such as all associated instrument printouts (final runs, screens,
reruns, QC samples, etc.) and daily calibration data corresponding to all final runs

isaailable for each data file.

11.5.4. Sample results and associated QC are entered into the LIMs after final technical
review.
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12. DATA ANALYSIS AND CALCULATIONS

12.1. Calculations

Sulfdemg L r m / g =(A xB) - (C x D)/ x 16,000
miL or g of sample used

Where:

A = mnL of iodine solution

B = Normality of iodine solution

C ntL of sodium thiosuljkute titrant

D = Normality oJ sodium thiosulfare titrant

Sulfide, mg / L or ing / kg =(2 i irM 0
niL or g of'samtple used

LCS' o/ Recovciy = mgL (fi-ro 12.1.1) x I100
20 (tnic)

Note: The true value of the standard is determined daily.

12.1.2.

M S/M SD % Recovery = -lx 100
20 (waters) or 1 000 (solids)

Where:

A = (20 - miL titrant for MS/MSD,) x 400

B Cncientrauionftoin 12. 1.1 x muL or g of sampl used
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13. METHOD PERFORMANCE

13. 1. Each laboratory must have initial demonstration of performance data on file and

corresponding method detection limit files.

13.2. Training Qualifications:

13.2. 1. The group/team leader has the responsibility to ensure that this procedure is
performed by an associate who has been properly trained in its use and has the
required experience.

13.2.2. Method validation information (where applicable) in the form of laboratory
demonstrations of capabilities is maintained for this method in the laboratory QA
files.

14. POLLUTION PREVENTION

14.1. This method does not contain any specific modifications that serve to minimize or
prevent pollution.

15. WASTE MANAGEMENT

15.1. All aqueous sample preparations can be rinsed down the drain with copious amounts of
water.

15.2. Solvent waste must be disposed of in clearly labeled waste cans.

15.3. Acid waste must be collected in clearly labeled acid waste containers.

15.4. Solid materials (gloves, soiled paper products, etc.) are placed in the solid debris
container. Do not put liquids in the solid waste container.

15.5. Refer to the Laboratory Sample and Waste Disposal plan.

15.6. Laboratory personnel assigned to perform hazardous waste disposal procedures must
have a working knowledge of the established procedures and practices of STL North
Canton. They must have training on the hazardous waste disposal practices upon initial
assignment to these tasks, followed by an annual refresher training.

16. REFERENCES
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16.1. References

16.1.1. SW846, Test Methods of Evaluating Solid Waste, Third Edition, Sulfide, Method
9030B.

16.1.2. EPA 600, Methods for Chemical Analysis of Waters and Wastes, Sulfide
(Titrimetrie, Iodine), Method 376.1

16.1.3. Standard Methods Eighteenth Edition, Sulfide Method 4500-5 2 -E

16.1.4. STL North Canton Laboratory Quality Manual (LQM), current version.

16.1.5. STL Quality Management Plan (QMP), current version.

16.1.6. SW846, Test Methods of Evaluating Solid Waste, Third Edition, Titrimetric
Procedure for Acid-soluble and Acid-inlsoluble Sulfides, Method 9034.

16.2. Associated SOPs and Policies. latesi version

16.2.1. QA Policy, QA-003

16.2.2. Glassware Washing, NC-QA-00 14

16.2.3. Statistical Evaluiation of Data and Development of Control Charts, NC-QA-00 IS8

16.2.4. Method Detection Limits and Instrument Detection Limits, NC-QA-0021I

16.2.5. Navy/Army SOP, NC-QA-00 16

17. MISCELLANEOUS (TABLES, APPENDICES, ETC...)

17.1I. Reporting limits

1 7. 1.1. The lower reporting limits (RL) are I mg/L for waters and 50 mng/kg for solids.

I17. 1.2. If samples require dilution or sImaller voIlume1s than speci fled in this method, the
RL will be elevated.

17.2. Method Deviations
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17.2. 1. The lab does not perform the distillation procedure described in Method SW846
9030A.

17.2.2. The laboratory uses one collection flask instead of two.

17.2.3. The laboratory does not titrate the sample in the original container as specified in
Method 376.1
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1.0 IDENTIFCATION 01F TEST METHODS

1. 1. Volatile Fatty Acids are determined using Dionex proprietary method. This method is a
modification to Standards Methods for the Examination of Water and Waste Water 2 0tb
ed., Method 5560 Organic and Volatile Acids.

2.0 APPLICABLE MATRIX

2.1. This method is applicable to surface water, groundwater, wastewater, drinkcing waters
and soils.

3.0 REPORTING LIMIT

3.1. The reporting limit for each acid is listed below:
3. 1.1. Acetic Acid-]I mg/L

3.1.2. Propionic Acid - I mgIL

3.1.3. Butyric Acid-1I mg/L

3.1.4. Lactic Acid -I mg/I.

3.1.5. Formic Acid -I mg/L

qPVPPN TPPNT T ARCRATflPTPS rfnMIZIPPMTiAI ANThPPCPPART~~y
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3.1.6. Pyruvic Acid -i mg/L

3.2. MD)Ls are calculated every year in accordance with method specification and kept on file
with the QA department.

4.0 SCOPE AND APPLICATION

4.1. Ion Chromatography provides a single instrumental technique that may be used for the
measurement in environmental samples of the common Volatile Fatty acids or Organic
acids. Fatty acids are low-molecular weight carboxylic acids. Identification and
quantification is performed by Ion chromatography. Separation is accomplished by an
ion-exclusion column. Peak sensitivity and lower reporting limits are obtained by using
an eluent suppressor. The acids are then identified by conductivity detection.

5.0 SUMMARY OF TEST METHOD

5.1. A filtered aqueous sample is injected into an ion chromatograph with the use of an
automated sampler. The sample merges with an eluent stream and is pumped through the
system. The ion exchanger separates the acids of interest. Ions are separated based on
their affinity for the exchange sites of the resin. The separated anions in their acid form
are measured using an electrical conductivity cell. Anions are identified based on their
retention times compared to known standards. Quantitation is accomplished by
measuring the peak area and comparing it to a calibration curve generated from known
standards.

6.0 DEFINITIONS

6.1. Standard definitions can be found in section 3.0 of the STL Buffalo Laboratory Quality
Manual.

6.2. VFA: Volatile Fatty Acid

7.0 INTERFERENCES

7.1. Interferences can be caused by substances with retention times that are similar to and
overlap those of the acid of interest. Acids of high concentrations can interfere with the
peak resolution of an adjacent acid. Diluting the sample can minimize overlap.

7.2. Method interferences may be caused by contaminants in the reagent water, reagents,
glassware and other sample processing apparatus that lead to discrete artifacts or an
elevated baseline in the ion chromatograms.

5PVFNPPN l RFJTIARlfRA~flRtF~ CflNFPflPTIA1 AN~Th)PnPOPPTTARV
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7.3.1 All samples must be filtered through a 2Oum filter before injection. If particles
contaminate the guard or analytical colurmns, follow the manufacturer's suggestions for
cleaning, or simply replace the columrn.

8.0 SAFETY

8. 1. Employees must abide by the policies and procedures in the Corporate Safety Manual,
Radiation Safety Manual and this document.

8.2. SPECIFIC SAFETY CONCERNS OR REQUIREMENTS

8.2. 1. This method uses weak carboxylic acids and heptafluorobutyric acid. All acids will
be poured into water.

8.2.2. Exercise caution when using syringes with attached filter assemblies. Application
of excessive force has, upon occasion, caused a filter disc to burst during the
process.

8.3. PRIh4ARY MATERIALS USED
8.3.1. The following is a list of the materials used in this method, which have a serious

or significant hazard rating. NOTE: This list does not include all materials
used in the method. The table contains a summary of the primary hazards
listed in the MSDS for each of the materials listed in the table. A complete list
of materials used in the method can be found in the reagents and materials section.
Employees must review the information in the MSDS for each material before
using it for the first time or when there arc major changes to the MSDS.

Material Hazards Exposure Signs and symptoms of exposure
(1) ~~~~Limit (2)

Heptafluor- Corrosive NA Causes irritation to the respiratory tract,.ski n ys
Butyric Symptoms may include coughing, shortness of breath.
acid Symtoms include redness, itching, and pain.
Fatty Acid Corrosive N~A - May irrtate -eyes and/or -skin. Irritates Respiratory

Custom tract. Low blood pressure. Dermatitis. Pulmonary
mix edema. Lung damage.

lOO0ppmn in
water

I- Always add acid to water to prevent violent reactions.

2 - Exposure limit refers to theSAre at exouelm.

9.0 EQUIPMENT AND SUPPLIES

9.1. Ion chromatograph complete with all required accessories:

grvrRNJ rR rNT AflfRATflT~Ip' (WChPM7TW~f AnNT)PWlrTITARY
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9.1.1. ICE-AS6 separator column capable of resolving weak organic acids.

9.1.2. AMMS-ICE suppressor.

9.1.3. Conductivity detector with temperature control and separate working and
reference electrodes.

9..4 Pump able to deliver 1.2 ml/mmii of constant flow rate.

9.1.5. Data collection and analysis system.

9.1.6. Automated sampler.

9.2- Various laboratory glassware such as Class A graduated cylinders, syringes, volumetric

flasks and pipettes.

9.3. 10 ml syringes and 0.2 urn syringe filters for colored samples

9.4. Analytical balance, capable of weighing to the nearest 0.0001g.

9.5. Filter caps for clean samples purchased from Dionex

9.6. 5 ml sample vials purchased from Dionex

10.0 REAGENTS AND STANDARDS

10.1. Sample bottles: Glass or polyethylene bottles of sufficient volume to allow replicate
analyses of anions of interest.

10.2. Reagent water: Distilled or deionized water free of the anions of interest. Water should
contain particles no larger than 0.20 microns.

10.3. Regenerant Concentrate (TetraButylAmimonimn Hydroxide TBAOH) from VWR
catalog# (JTV365-7) 0.4M water solution.

10.3.1 Regenerant solution (I10mM): Add 50ml of 0.4M TBAOH into 2L, reagent water.

10.4. Eluent Concentrate (Heptafluorobutyric acid): 99% Heptafluorobutyric acid is purchased
from Aldrich. Catalog # 16,419-4

10.4.1. Fluent Solution (I.0mM.): Weigh 0.21g of the Heptafluorobutyric acid (10.4) to
I litcr with reagent water or 250u1 into 2 liter

STZVPQM TFNTT 4QAPRAMRTARITScr)npNTTA1 AND PnPRIPFTAPV
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10.5. Multi analyte Ion Chromatography Custom Standards purchased from Restek & Supelco
Scientific. Custom Mix contains 1000mg/I of the following acids: Acetic, Propionic,
Butyric, Lactic, Formic, and Pynivic. The standard source from Supelco is used for the
calibration curve (10.6) and the standard source from Restek is used for the ICV/
CCV/LCS Solutions and the matrix spikes (10.7, 10.8, 10.9, 10.10).

10.6. Calibration standards: all are made from dilutions of the Multi Element IC Standards in
reagent water.

10.6. 1. Prepare the calibration standards for a 5-point curve by measuring the following
volumes into a 25 ml Class A volumetric. Bring to the final volume of 25 ml with
reagent water.

Lvel I Le-vel 2 Level 3 Le-vel 4 level 5
Stock solution 2ul 50-u1 125ul 250u1 1 .25ml
[(1000m Ig . _ __L_ _ __ _

Final Volume 25-m1 25-m1 25-m1 25mg 25m1

10.6.2 The final concentrations of each anion in the 5 calibration points are summarized
below.

LevellI Level 2 Level 3 Level 4 Level 5
________ (mIL) (~gjgj m IL (~gfQ mgIL)

Formic 1 2 5 1 0
Propionic 1 2 5 1 50
Butyric 1 - 2 510 50.
Lactic i 2 5 10 50
Formic 1 __ 2 5 10 50
Pyruvic 1 2 5 10 50

10.7. ICV/CCV/LCS, MS and SD (MSD) solution: 500u1 of the Multi Element IC Standard
diluted to 10Q0mI with reagent water. The final concentration for each acid in the
solution is as follows:

ICV & CCV/LCS
Acetic 5;m~~~,rn/L

jPropionic 5 mg/
Butyric;5m/
Lactic S ' 5i mg/I
Formic 5 ii -'g/

qFVPRN I INT ARORA rnpjpg ('0ThJnflNTIAI ANDl PRfPQI~rARV
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11.0 SAMPLE COLLECTION, ]PRESERVATION, SMPMENT AND STORAGE

11.1. Samples should be shipped and stored in 40 mL glass amber vials at 4 ± 2 degrees C-
Samples should be analyzed for VFA within 28 days of collection.

11.2. Soil will follow the same preservation and holding times as the water samples, starting
from the time of extraction. Soils should be collected in 4 oz. or 8 oz. wide mouth amber
jars.

12.0 QUALITY CONTROL

12.1. Before analyzing samples, the laboratory must establish a method detection limit (MDL).
The MDL is repeated every year.

12.2. Each group of sample analyses must be bracketed by an acceptable calibration
verification sample and calibration blank. All quality control data should be maintained
and available for easy reference or inspection.

12.3. Initial and Continuing Calibration Blank (ICB, CCB3): To determine freedom from
contamination, prepare one calibration blank (ICB) at the beginning of the analytical
procedure and another (CCB3) after every ten samples and at the end of the analytical
procedure. The blank consists of 5 ml reagent water that gets the same treatment as the
samples and standards. The blanks must be free of the analytes of concern at levels less
than the STL Buffalo quantitation limit.

12.3.1. All blanks associated with USACE samples should be less than half the STL
Buffalo quantitation limit for each anion.

12.4. Initial and Continuing Calibration Verification/Laboratory Control Sample
(ICV/CCV/LCS): Prepare an ICV at the beginning of the analytical procedure and
additional CCV/LCS after every ten samples and again at the end of the procedure. The
recovery of the ICV/CCV/LCSs must be within 80-120% of the true value.

12.5. Sample Duplicate: Analyze either a Matrix Duplicate (MD) or a Matrix Spike Duplicate
(MSD) with every batch of twenty or fewer samples. Acceptable RPD between replicate
analyses should be less than 20%.

12.6. Matrix Spikes (MS) are to be run with every batch of 20 or fewer samples. Deviations
may occur due to specific client, state, or protocol requirements. Spike IOHd of sample
with S0ul of Multi-analyte Stock solution (lOO0mgfL) section 10.5.

13.0 CALIBRATION AND STANDARDIZATION

13-1 Prepare standard 5-point curve by plotting instrument response against concentration

values-
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13.1.1. Generate alinear regression curve. Do not force through zero and do not average
in the onigi.

13.1.2. A calibration curve may be fitted to the calibration solution concentration/response
data using the manufacturer's software.

13.1.3. Acceptance criteria for the calibration curve is a correlation coefficient (R value)
>~0.995. If the R-value is less than 0.995, the calibration standards must be remade
and a new curve analyzed.

13.1.4. New calibration curves must be run every three months or if the instrument falls
out of calibration whichever is sooner

13,2. Initial Calibration Verification Solution prepared from a different standard source is
analyzed immediately after the calibration curve to verify the accuracy of the curve. The
recovery of the ICV must be within 80-120%.

14.0 PROCEDURE

14.1. System Equilibrium:

14.1.1. Set up the ion chromatograph as specified in the manufacturer'sinstructions.

14.1.2 Turn on and prime the pump.

14.1.3 Adjust the eluent flow rate to 1.2 + 0.1 ml/min. Adjust Regenerant pressure to
5P'SI. Adjust restrictor at the end of the regenerant waste line to allow for 3-5ml./min.
flow.

14.1.4 Allow the system to come to equilibrium (15-20 minutes). A stable baseline
indicates system equilibrium.

14.2. Sample analysis:

14.2.1. For dirty samples filter sample through a pre-washed 0.2um pore diameter
membrane filter. If sample is clean use 2Oum filter autosampler caps.

14.2.2. Fill autosampler vials with the sample to the fill line marked on the vial body
(approximately 5 ml). Place vial cap into vial.

14.2.3. Place the filled vial into the sampler cassette and fully insert the cap using the
insertion tool.

14.2.4. Place the filled cassettes into the automated sampler and start the rnm. Set sample
run time to 64 minutes.

~PVPRM 1'RPNT IA ARfR AflwnT~sg CfNVIDPN1IAI, A'J51 PROPPlIPTA Iv
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14.2.5. Check data for any needed dilutions and calculate percent recovery of check
standards and sample spikes. Any data from samples that were diluted will have to
be multiplied by the dilution factor before reporting.

14.3. Column cleanup procedure

14.3.1. Disconnect the suppressor from the analytical column. Reverse the order of the
guard and analytical column in the eluent flow path. Double check that the eluent
flows in the direction designated on each of the column labels.

14.3.1.1. CAUTION: When cleaning an analytical columrn and a guard column in
series, ensure that the guard column is placed after the analytical column in
the eluent flow path. Contaminants that have accumulated on the guard
column can be eluted onto the analytical colurmn and irreversibly damage it. If
in doubt, clean each column separately.

14.3.2. Set the pump flow rate to 1 -0 ml/min for the ICE-AS6 analytical.

14.3.3. Rinse the column for 15 minutes with reagent water before pumping the O.1M

oxalic acid over the column. Acetone can also be used to remove organics. Start
with a 5% solution and increase up to 15%, but do not exceed 15%.

14.3.4. Pump the cleanup solution through the columrn for at least 60 minutes.

14.3.5. Rinse the column for 30 minutes with reagent water before pumping eluent over

the column.

14.3.6. Equilibrate the columns with cluent before resuming normal operations for at
least 30 minutes.

14.3.7. Reconnect the ASRS-Ultra tothe analytical column.

14.4 Retention time (migration time) is the expected time retention time or migration time in
minutes for the component. If the retention time is unknown, enter any number greater

then zero. The correct retention time can be determined later from the first calibration

run, and the component table then updated. In subsequent calibrations, PeakNet will

automatically update the retention time. The Update Retention Time setting must be

selected in the calibration Parameters dialog box.

15.0 CALCULATIONS

15.1. Using the computer and software packages, prepare a linear regression calibration curve

for each analyte by plotting instrument response against standard concentration.

Compute sample concentration by comparing sample response with the standard curve.
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The response factor produced from a linear equation best fits the detector's response.
The equation used is shown below.

Y KO +K x X

At least four points are needed to fit the equation: thus, the calibration must have at least
four levels for all components.

The following values, used to calculate component amount, are determined automatically
by the Method Editor and cannot be edited.

X=area
KO indicates the Y intercept of the calibration curve.
Ki is the coefficient for the first-degree variable. When the fit type is linear, KI
indicates the slope of the calibration curve for the selected calibration level.

The equation for the calibration curve fit used to calculate the component amount is
displayed at the bottom of the replicate page. The r2 value (Coefficient of
Determination) for the component is shown at the bottom of the replicate page.

15.2. The analyst corrects the results for and dilution factors:

Xf = Xj * Dilution Factor

Where:
Xf = Final sample concentration
Xj = calculated concentration of samiple at instrument

15.3. Report only those values that are less than the highest calibration standards. Samples
exceeding the highest standard should be diluted and reanalyzed.

16.0 METHOD PERFORMANCE

16.1. The method detection limit (MDL) is to be performed every year in accordance with the
specifications in 40 CFR 136, appendix B, and must demonstrate the ability to quantitate
at or below the reporting limit for each acid. The current MDL is on file with the
department supervisor and the QA Department.

17.0 DATA ASSESSMENT AND ACCEPTANCE CRITERIA FOR QUALITY
CONTROL MEASURES

17.1. Obtained ICV and CCV/LCS values must be within 80-120% of the true value.

17.2. Acceptance limits for sample spike recovery are based on the historical data and are
statistically derived annually. They are maintained in the laboratory LIMs system. If the
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lab calculated limits are wider than the method limnits, the method limits of 80-120% are

used for evaluation of sample spike acceptance.

17.3. Sample duplicates are required to have a calculated RPD < 20.

17.4. ICB and CCB values must be less than the STL quantitation limit.

17.4. 1. All blanks associated with USACE samples should be less than 'A2 the STE

Buffalo quantitation limit for each anion.

18.0 CORRECTIVE ACTIONS FOR OUT-OF-CONTROL DATA

18.1. If acceptance criteria are exceeded for any QG element, all related samples and check

standards must be repeated.

19.0 CONTINGENCIES FOR HANDLING OUT-OF-CONTROL OR UNACCEPTABLE DATA

19.1 If acceptable data can not be obtained, a Job Exception Form is to be filled out and turned

in to the appropriate project manager in order to notify of the client.

19.2 Historical data review may be used to evaluate sample results.

20.0 WASTE MANAGEMENT/ POLLUTION PREVENTION

20.1 All waste will be disposed of in accordance with Federal, State and Local regulations.

Where reasonably feasible, technological changes have been implemented to minimize the

potential for pollution of the environment. Employees will abide by this method and the

policies in section 13 of the Corporate Safety Manual for " Waste Management and

Pollution Prevention. "

20.2 Waste Streams Produced by the Method -The following waste streams are produced when

this method is carried out.

2012.1 Alkaline and/or acidic waste generated by the analysis. Dispose of this waste in

the " A" waste container.

20.2.2 Contaminated plastic materials such as IC syringes, filters, caps and vials utilized

for sample preparation. All plastic materials should be disposed of in the

recycling containers located throughout the lab.

21.0 REFERENCE

21.1. Method 300.0, "Determination of Inorganic Anions by Ion Chromatography",

Environmental Monitoring Systems Laboratory, Office of Research and Development,

U.S. EPA, Cincinnati, Ohio, Revision 2.1, August 1993
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21.2. Method 5560, Standard Methods for the Examination of Water and Wastewater, 20th

Edition,

21.3. Dionex application note #45, "Fatty Acid Analysis"

22.0 TABLES, DIAGRAMS, FLOWCHARTS AND VALIDATION DATA

22.1. Analytical Run sequence

22.2. Wet Chemistry Batch Summary & Data Review Checklist

23.0 CHANGES FROM PREVIOUS REVISION

23.1 Changed the reporting limit of Butyric acid from 2 mgIL to I mg/L

23.2 Changed the concentration of the regenerant solution from 4 mM to 10 mM

23.3 Changed the concentration of the eluent solution from 0.6 MM to I Q mM

23.4 Removed MSD reference and added specific recipe for MS in section 12.6

23.5 Added 64 minute run time to section 14.2.4
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22.1 Analytical Run Sequence

LC S/CC V
ICB
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample
CCV
CCB
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample dup
Sample Spike
CCV
CCB
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22.2 Wet Chemistry Batch Summary & Data Review Summary

WET CHEMISTRY BATCH SUMMARY

parameter _________ Method _________ Batch If___________

Conmment# - Comment

2 Sanwle(s) was dauted for meatiitel'rca
S Sample(s) was diluted for excessive feamhn
4 Sam.pleIs) was diluted For wrtfllty.

S Sample(s) was diluted for high c-c-balo o target analyze
9 Sample(s) asdilted for turthloy.

10 Sml~)wsdltdfrck
II Them was linsulfloient vo umne for a low,, dilution.
1 2 Sarnpie(s) was diluted for vsosity.
13 Sample(s) was diluted for other reason (detail required)
14 Sample(s) required e-unm to verity result
165 Sanmple(s) requires mreun to verf deIaT, o fr~om histoniceJ result.
16 Sample(s) requires re-run for COB failure.
17- Sample(s) afetdb lvtdOSare greata 1a lx detection liit
la Sample was Colored.
19 Sample(s) was received outside of Kolding lms
20 Sample(s) contained a high amount of setlale materal.
21 Sazzple(s) centained o high amount of suspened nmaterial
22 Sample(s) "are centrifuged for turbidity.
23 There was insufflcient volumefoanlssosapetmeodruidvlm.
24 ere wasinuffcient volume for re-analysis of the sample(s).
25 Therewsism iin ouefrdlto ftesml~)
28 There was insuftficient volume for Dup!Spk.

Comments and Corrective actions

ft Sample(s)

ft Sample(s)__________________________________

CCV/CCB Complian? NA___ YES - NO _ (see reason below)
Other__________________________________________________

Tedrnicton ________ Date_____

2m Review _______ Date______ Number of Reanalysis for this batch:______

Review _______ Date______ WC Rum.uRe 1 7-2=3
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1. SCOPE AND APPLICATION

1. 1. This SOP describes the application of the Toxicity Characteristic Leaching Procedure
(TCLP), SW846 Method 131 1. The Toxicity Characteristic (TC) of a waste material is
established by determining the levels of 8 metals and 31 organic chemicals in the aqueous
leachate of a waste. The TC is one of four criteria in 40 CFR Part 261 to deter-mine whether
a solid waste is classified as a hazardous waste. The other three are corrosivity, reactivity
and ignitability. The TC Rule utilizes the TCLP method to generate the leachate under
controlled conditions that were designed to simulate leaching through a landfill. EPA's
"worst case" waste disposal model assumes mismanaged wastes will be exposed to leaching
by the acidic fluids generated in municipal landfills. The EPA's model also assumes the
acid/base characteristics of the waste will be dominated by the landfill fluids. The TCLP
procedure directs the testing laboratory to use a more acidic leaching fluid if the sample is an
alkaline waste, again in keeping with the model's assumption that the acid fliids will dominate
leaching chemistby over time.

1.2. The specific list of TC analytes and regulatory limits may be found in Appendix A.

Note: The list in Appendix A does not include the December 1994 EPA rule for Universal
Treatment Standards for Land Disposal Restrictions. Those requirements include
216 specific metallic and organic compounds and, in some cases, lower detection
limit requirements (see 40 CER 268.40). TCLP leachates are part of the new
Universal Treatment Standards, but the conventional analytical methods will not
necessarily meet the new rmgulatory limits. Consult with the client and with STL
Technical Specialists before establishing the instrumental methods for these
regulations.

1.3. This SOP also describes the application of the Synthetic Precipitation Leaching Procedure
(SPLP) which was designed to sinmulate the leaching that would occur if a waste was
disposed in a landfill and exposed only to percolating rain water. The procedure is based on
SW846 Method 1312. The list of analytes for SPLP may extend beyond the toxicity
characteristic Compounds shown in Appendix A. With the exception of the use of a
modified extraction fluid, the SPLP and TCLP protocols are essentially equivalent. Where
slight diffierences may exist between the SPLP and TCLP they are distinguished within this
SOP.

1.4. Thre procedure is applicable to liquid, solid, and mnultiphase wastes.

1.5. The results obtained are highly dependent on the pl-I of>the extracting soIlutionl, the length of
time that the sample is exposed to the extracting solution, the temperature during extraction,
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and the particle size/surface area of the sample. These parameters must be careflully

controlled.

1.6. The reporting limits are based on the individual samples as well as the individual analysis

techniques. However, the sample is determined to be hazardous if it contains any analyte at

levels greater than or equal to the regulatory limits.

1.7. If a total analysis of the waste demonstrates that individual analytes are not present in the

waste, or that they are present but at such low concentrations that the appropriate regulatory

levels could not possibly be exceeded, the procedure need not be run. If the total analysis

results indicate that TCLP is not required, the decision to cease TCLP analysis should be

remanded to the client.

1.8. If an analysis of any one of the liquid fractions of the procedure leachate indicates that a

regulated compound is present at such a high concentration that, even after accounting for

dilution from the other fractions of the leachate, the concentration would be equal to or

above the regulatory level for that compound, then the waste is hazardous and it may not be

necessary to analyze the remaining fractions of the leachate. However, the remaining

analyses should not be terminated without the approval of the client.

1 .9. Volatile organic analysis of the leachate obtained using a bottle extraction, normally used for

extractable organics and metals, can be used to demonstrate that a waste is hazardous, but

only thie ZH-E option can be used to demonstrate that the concentration of volatile organic

compounds is below regulatory limits due to potential analyte loss into the hecadspace during

the bottle extraction.

2. SUMMARY OF METHOD

2.1. For liquid wastes that contain less than 0.5% dry solid material, the waste, after filtration

through 0.6 to 0.8 iim glass fiber filter, is defined as the TCLP leachate.

2.2. For wastes containing greater than or equal to 0.5% solids, the liquid, if any, is separated

from the solids and stored for later analysis or recombination with the leachate. The particle

size of the remaining solid phase is reduced, if necessary. The solid phase is extracted with

an amount of extraction fluid equal to 20 times the weight of the solid phase. For TCLP, the

extraction fluid employed for extraction of non-volatile analytes is a function of the alkalinity

of the solid phase of the waste. For SPLP, the extraction fluid employed is a function of the

region of the country where the sample site is located if the sample is a soil. If the sample is a

waste or wastewater the extraction fluid employed is a pH 4.2 solution. Two leachates may

be generated: a) one for analysis of non-volatile constituents (semi-volatile organics,

pesticides, herbicides and metals and/or b) one from a Zero H-eadspacc Extractor (ZH-E) for
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analysis of volatile organic constituents. Following extraction, the liquid leachate is separated
from the solid phase by filtration through a 0.6 to 0.8 putm fiber filter.

2.3. If compatible (i.e., multiple phases will not form on combination), the initial liquid filtrate of
the waste is added to the liquid leachate and these are prepared and analyzed together. If
incompatible, the liquids are analyzed separately and the results are mathematically combined
to yield a volume-weighted average concentration.

3. DEFINITIONS

3.1. "Leachate" is used to refer to the solutions generated from these procedures (TCLP, SPLP,
deionized water leach).

3.2. "Wet Solids" is that fraction of a waste sample forom which no liquid may be forced out by
pressure filtration.

4. INTERFERENCES

4.1. Oily wastes may present unusual filtration and drying problems. If requested by the client
and as recommended by EPA (see Figure 3), oily wastes can be assumed to be 100% liquid
and analysis for total concentrations of contamninants will be perlbonned. This applies
specifically to samples containing viscous non-aqueous liquids that Would be difficult to filter.
Alternately, the oil may be subjected to pressure filtration. The portion that passes through
the filter will be prepared and ,analyzed separately as an organic waste. The ''wet solid''
portion that remains behind on the filter will be Subjected to leaching, prepared and analyzed.
The results Will then be mathematically combined.

4.2. Wastes containing free organic liquids (e.g., oil, paint thinner, fuel) usually require dilution
prior to analysis to address the matrix interferences. In most instances this results in reporting
limits elevated above the TCLP regulatory limits.

4.3. Solvents, reagents, glassware and other sample processing hardware may yield artifacts
and/or interferences to sample analysis. All these materials must be demonstrated to be free
from interferences tinder the conditions of the analysis by analyzing method blanks as
described in Section 9 and the individual detenriinativc SOPs.

4.4. Glassware and equipment contamination may result in analyte degradation. Soap residue on
glassware and equipment may contribute to this. All glassware and equipment should be
rinsed very carefully to avoid this problem.
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4.5. Phthalates may be eliminated by proper glassware cleanup and by avoiding plastics. Only

glass, Teflon or Type 316 stainless steel tumblers may be used for leachates to be analyzed

for organics. Plastic tumblers may be used for leachates to be analyzed for the metals.

4.6. Overexposure of the sample to the environment will result in the loss of volatile components.

4.7. Potential interferences that may be encountered during analysis are discussed in the individual

analytical methods.

5. SAFETY

5.1. Procedures shall be carried out in a manner that protects the health and safety of all STU

associates.

5.2. Eye protection that satisfies ANSI Z87.l (as per the Chemical Hygiene Plan), laboratory

coat, and appropriate gloves must be worn while samples, standards, solvents, and reagents

arc being handled. Disposable gloves that have been contaminated will be removed and

discarded; other gloves will be cleaned immediately.

5.3. The health and safety hazards of many of the chemicals used in this procedure have not been

futlly defined. Additional health and safety information can be obtained from the Material

Safety Data Sheets (MSDS) maintained in the laboratory. The following specific hazards are

known:

5.3.1. Chemicals that have becn classified as carcinogens, or potential carcinogens, under

OSHA include:
Methylene chloride

5.3.2. Chemicals known to be flammnable are:
Methanol

5.3.3. The following materials are known to be corrosive:
H-ydrochloric acid, nitric acid, sulfuric acid, acetic acid, sodium hydroxide

5.3.4. The following materials arc known to be oxidizing agents:

Nitric Acid.

5.4. Gas pressurized equipment is employed in this procedure. Be sure all valves and gauges are

operating properly and that nonc of the equipment, especially tubing, is over-pressurized.

CAUTION: Do not open equipment that has been pressurized until it has returned to

ambient pressure.
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5.5. A rotary agitation apparatus is used in this procedure. Certain samples may break the glass
jars used in the procedure. For these samples, extra caution, including plastic or
polyethylene overwraps of the glass jar, may be necessary. Turning the jar or bottle
sideways rather than tumbling end over end may also reduce the chance of breakage. If
sideways tumbling is used, note this change in the logbook comment section.

5.6. Secure tumbler and extraction apparatus before starting rotary agitation apparatus.

5.7. During sample rotation, pressure may build uip inside the bottle. Periodic venting of the bottle
will relieve pressure.

5.8. Exposure to hazardous chemicals must be maintained as low as reasonably achievable,
therefore, unless they are known to be non-hazardous, all samples must be opened,
transferred and prepared in a fume hood, or under other means of mechanical ventilation.
Solvent and waste containers will be kept closed unless transfers are being made.

5.9. The preparation of standards and reagents and glassware cleaning procedures that involve
solven1ts Such as rmethylene chloride will be conducted in a fiume hood with the sash closed as
far as the operation will permit.

5.10. All work must be stopped iii the event of a known or potential compromise to the health and
safety of a STL associate. The siftuation must be reported immediately to a laboratory
Supervisor.

5.1 1. Due to the potential for ignition, flammability or production of noxious f'umes, do not attempt
to dry non-aqueCous liquid samples in an oven. Use extended drying in a ventilation hood.

6. EQUIPMENT AND SUPPLIES

6.1I. Extraction vessels

6.1 .1. For volatile analytes - zero-headspace extraction (ZH-E) vessel, gas-pressure
actuated, Millipore YT300901-IW or equivalent (see Figure 2).

6.1.2. For metals - either borosilicate glass jars (2.5 L, with Teflon lid inserts) or
2.5 L l-IDPEZ (Nalgene or equivalent) bottles may be used.

6.1.3. For non-volatile organics - only borosificate glass may be used.

6.2. VaCUum11 filtration apparatus and stainless steel pressure filtration apparatus (142 rim
diameter), capable of 0 - 50 psi.
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6.3. Borosilicate glass fiber filters, 0.6 - 0.8 jami (Whatman GF/F 14.2 cm, 9.0 cm, 4.7 cm, 0.7

prm or equivalent). When analyzing for metals, wash the filters with I N nitric acid and de-

ionized water prior to use, or purchase pre-washed filters. Glass fiber filters are fragile and

should be handled with care.

6.4. Rotary agitation apparatus, multiple-vessel, Associated Design and Manufacturing Company
3740-6 or equivalent (see Figure 1). The apparatus must be capable of rotating the

extraction vessel in an end-over-end fashion at 30 ± 2 rpm.

6.5. ZHE Extract Collection Device: Gas-tight syringes, 50 or 100 mL capacity, Hamilton
01 58330 or equivalent.

6.6. Top loading balance, capable of 0 -4000 +L 0.01g (all measurements are to be within ±0.1I

grams).

6.7. pH meter and probe capable of reading to the nearest 0.01 unit, and with automatic
temperature compensation.

6.8. pH probes.

6.9. Magnetic stirrer/hotplate and stirring bars.

6.10. VGA vials, 40 rnL, with caps and septa.

6.11. Glass boiltles, I liter, with Teflon lid-inserts.

6.12. Nalgene plastic boiltles or equivalent, I liter.

6.13. Miscellaneous laboratory glassware and equipment.

7. REAGENTS AND STANDARDS

7.1. Reagent water for non-volatile constituents must be produced by a Millipore DI system or

equivalent. For volatile constituents, water must be passed through an activated carbon filter

bed (Milli-Q or tap water passed through activated carbon). Reagent water must be free of

the analytes of interest as demonstrated through the analysis of method blanks.

7.2. Hydrochloric acid, I N: Carefully add 83 mL concentrated reagent grade HCI to 800 mL

reagent water, cool and dilute to I liter with reagent water. Cap and shake to mix well.
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7.3. Sodium hydroxide, I N: Carefully add 40 g reagent grade NaOH pellets to 800 mL reagent
water, stir until the pellets are completely dissolved, cool and dilute to I liter with reagent
water.

CAUTION: Heat is generated during this process.

7.4. Acetic acid, glacial: concentrated, reagent grade liquid (HOAc).

7.6. p1- calibration solutions: buffered to a pH of 4, 7, and 10. Commercially available.

7.5. TCLP Leaching Fluids

7.5. 1. General Comments

7.5. 1.1 IThe pH of both solutions listed below should be monitored daily and the pH
probes arc to be calibrated prior to use.

7.5.1 .2.The leaching fluids MUST be prepared correctly. If the desired pH range is
not achieved and maintained, the TCLP may yield erroneous results due to
improper leaching. If the p1- is not within the specifications, the fluid must be
discarded and fresh extraction fluid prepared.

7.5.1 .3.Additionial volumes of extraction fluids listed below may be prepared by
multiplying the aiiounts of acetic acid and NaOl-1 by the number of liters of
extraction fluid required.

7.5.2. TCLP Fluid #1: Carefully add 5.7 inL glacial acetic acid and 64.3 miLl of I N
NaOH to 500 nmL reagent water in a I liter volumetr1Cic flask. Dilute to a final Volume
of' I L with reagent water, cap and shake to mnix well. For 8 L of fluid use 45.6 1mL1
glacial acetic acid and 514 nl- IN NaQlI-, dilute to 8 L with reagent water. When
correctly prepared, the pH of this solution is 4.93 ± 0.05. The density ofTCLP fluid
#1 is 0.997 grniL.

7.5.3. TCLP Fluid #2: Carefully add 5.7 nL- glacial acetic acid to 500 ml- reagent water in
a I liter volumretric flask. Dilute to a final volume of' I L with reagent water, cap and
shake to mnix well. For 8 L of fluid usc 45.6 mL- glacial acetic acid, dilute to 8 L with
reagent water. When con-ectly prepared, the PH of this Solution is 2.88 ± 0.05. Thle
density of TCLP fluid #2 is 0.997 g/rmL.

7.6. Nitric acid, 50%A Solution: Slowly and carefully add 500 nl- concentrated l-IN0 3 to 500 oL-
reagent water. Cap and shake to mnix well.
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7.7. Sulfuinc acid / nitric acid (60/40 weight percent mixture) H2SO4SHNO 3. Cautiously mix 60 g

of concentrated sulffiric acid with 40 g of concentrated nitric acid.

7.8. SPLP Leaching fluids

7.8.1. SPLP solutions are unbuffered and exact pH may not be attained. The pH of TCLP

and SPLP fluids should be checked prior to use. If not within specifications, the fluid

should be discarded and fresh fluid prepared.

7.8.2. SPLP fluid #1: Add 60/40 weight percent mixture of sulfuric and nitric acids to

reagent water until the pH is 4.20 ± 0.05 This fluid is used for soils from a site that is

cast of the Mississippi River and for wastes and wastewaters.

7.8.3. SPLP fluid #2: Add 60/40 weight percent mixture of sulfuric and nitric acids to

reagent water until the pH is 5.00 ± 0.05. This fluid is used for soils from a site that

is west of the Mississippi River.

7.8.4. SPLP fluid #3: This fluid is reagent water and is used for leaching of volatiles.

Additionally, any cyanide-containing waste or soil is leached with fluid #3 because

leaching of cyanide containing samples under acidic conditions may result in the

fonnation of hydrogen cyanide gas.

7.9. Methanol and methylene chloride - used to aid in cleaning oil contaminated equipment.

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1. Samples being analyzed for non-volatile organic compounds should be collected and stored

in glass containers with Teflon lid liners. Chemical preservatives shall NOT be added

UNTIL AFTER leachate generation.

8.2. Samples being analyzed for metals only can be collected in either glass or polyethylene

containers.

8.3. When the waste is to be evaluated for volatile analytes, care should be taken to minimize the

loss of volatiles. Samples shall be collected and stored in a manner intended to prevent the

loss of volatile analytes (e.g., samples should be collected in Teflon lined septum capped vials

with minimal headspace and stored at 4 + 20C). Samples should be opened only

immediately prior to extraction.
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8.4. Samples should be refrigerated to 4 ± 20C unless refrigeration results in irreversible physical
changes to the waste. If precipitation occurs, the entire sample (including precipitate) should
be extracted.

8.5. The minimum TCLP sample collection size is determined by the physical state or states of the
waste and the analytes of concern. The amount of waste required varies with the percent
solids. The lower the percent solids, the more waste will be required for preliminary and final
testing. For aqueous samples containing between 0.5 and I10% solids, several kilograms of
sample are required to complete the analyses. The general minimal requirements when the
samples are I100% solids include: I - 32 ozjar for semii-volatile organic analysis and metals,
and I - 4 oz jar for volatile organic analysis. Low density sample materials, such as rags or
vegetation, will require larger volumes of sample. For liquid samples (less than 50% solids),
mulilnimu requirements are 2 - 32 ozjars for semi-volatile organic analysis and metals, and 2
- 8 oz jars for volatile organic analysis. If volatile organic analysis is the only requested
parameter, 2 separate jars are required. If matrix spike or duplicate control samples are
requested, additional sample volume is required. If sufficient sample volumes were not
received, analyses cannot be started and the client should be notified as soon as possible.

8.6. TCLP leachates Should be prepared for analysis arid analyzed as soon as possible following
extraction. Leachates or portions of' Iachates for metallic analyte determinations must be
acidified with nitric acid to a p1-I less than 2, unless precipitation Occurs. If precipitation
occurs upon addition of nitric acid to a small aliquot of the leachate, then the remaining
portion of the leachate shall not be acidified and the leachate shall be analyzed as soon as
possible. All other Iec~hateS Should be stored Under refrigeration (4 ± 20 C) until analyzed.
ZlFlE leachates must be stored in VOA vials Filled to eliminate all licadspace.

8.7. Samples are subject to appropriate treatment within the following time periods:

_____________ ~Table I - Holding Tirncs (days)

Collection to End of TCLP Start of TCLP Leach Total Elapsed
Parameter Stant of TCLP Tumble to or Semi- volatile Prep Time

_______________ Leach Preparation Extraction to Analysis

Volaijlcs. 1 4 N/A 1 4 28

Serni-volnijiles: 4 7 40 6 1

Mec1urIy: 2 / 85

Oter Morals: ONA8 6

NO E: Thbe Init ia holding timre is imeasnured fronm date ol coilecli on to0 (late TC~LP extract' oi started. (This S ho ild be the
TC IJ ' ext ractlion dale in QutaniTu ns.) S em -vol atil metn ihod prep ho!lding lime IS TincIS Ured fromi the day t imblIing is cornplete
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to the start of method extraction Subsequent analysis holding times are measured from the dale extraction (TCLP or method

prep) starts. If sample holding times are exceeded, the values obtained will be considered minimal concentrations. Exceeding

holding limes is not acceptable in establishing that a waste does not exceed the regulatory level Exceeding the holding time

will not invalidate characterization if the waste exceeds the regulatory limit. The Total Elapsed Time is to be used as

guidance. If preps are initiated at the last possible moment of a holding time, the elapsed times may be exceeded.

9. QUALITY CONTROL

9.1. Quality Control Batch (QC Batch) - QA-003 defines a QC Batch as a set of up to 20 field

samples of similar matrix that behave similarly and are processed using the same procedures,

reagents and standards within the same time period. The same lot of reagents must be used

within a batch. A minimum of one TCLP extraction blank (Method Blank), one Laboratory

Control Sample (LCS), one Matrix Spike (MS), and one Matrix Spike Duplicate (MSD)

will be prepared with each TCLP leachate batch.

9.2. TCLP Extraction Blanks - A minimum of one blank (using the same extraction fluid as used

for the samples) must be prepared and analyzed for every batch of samples extracted in a

particular vessel type. The blanks are generated in the same way as the samples (i.e.,

blanks will be tumbled and filtered with the samples). ZHE Extraction vessels will be

uniquely numbered. Consult the STL QC Program and the individual analysis SOPs for

blank acceptance criteria.

9.3. Laboratory Control Sample (LCS) - A LCS is required with each batch of 20 or fewer

samples. The LCS shall be generated after a batch of TCLP leachates have been generated

(i.e., at the time of the preparative digestion or extraction) by spiking an aliquot of the

appropriate extraction fluid used for that batch or reagent water. Consult the individual

analysis SOPs for additional LCS guidance (i.e., spike amounts, spike levels, recovery

criteria, etc.).

9.4. Matrix Spike (MS/MSD) - Matrix spikes are used to monitor the performance of the

analytical methods on the matrix and to assess the presence of interferences. A MS/MSD

pair are required with each batch of 20 or fewer samples.

9.4.1. Matrix spikes are to be added after filtration of the TCLP leachate. Spikes are not

to be added prior to the TCLP leaching. For metals, matrix spikes are to be added

before preservation with nitric acid.

9.4.2. Consult the individual analysis SOPs for additional guidance on spike compounds

and levels.
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9.5. Corrective Actions

9.5.1. Consult the STL QC Program and individual analysis SOPs for corrective action for
blanks and LCS

9.5.2. Method of Standard Additions (MSA) shall be used for metals if all of the following
conditions are met:

* Recovery of the analyte in matrix spike is not at least 50%,

* the concentration of the analyte does not exceed the regulatory level, and

* the concentration of the anialyte measured iii the sample is within 20% of the
appropriate regulatory level.

If the matrix spike recovery is 5% or less due to dilution or matrix interference,
contact the project manager and client for guidance. The client should also be
contacted prior to initiation of any MSA steps. Refer to the individual analysis SOPs
for details oil how to perlibml MSA analysis.

I0 CALIBRATION AND STANDARDIZATION

l0.l. Refer to ,appropriate analysis SOPs.

It. PROCEDURE

Ill1. GENERAL COMMENTS

11.1.1. One-time procedural variations are allowed only if deemed necessary in tile
professional judgment Of Supervision to accommodate variation in sample matrix,
radioactivity, chemistry, sample size, or other parameters. Any variation in
procedure shall be completely doC11cumnted on a Nonconformnance Memo kept in the
project file and described in the final report. The variation must be approved by a
project manager, Technical Specialist and QA Manager. Any unauthorized
deviations from this procedure must also be docu~mented as a nonconformance, with
a cause and corrective action described.

II1. 1 .2. All masses should be recorded to the nearest 0. I g.

11.2. PRELIMINARY SAMPLE EVALUATIONS (Ref'er toFlow Chart #1,Appenidix D)
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1 1.2. 1. Determine the total volume of TCLP leachate (solid phase leachate + liquid filtrate)

that needs to be generated for analysis according to the following:

Table 2. Recommended TCLP Leachate Volume

TCLP Required Volume SPLP Required

Analysis (ML) Volumie
(ML)

Volatiles 3 x 40 3 x 40

Semi-volatiles 500 1000

Pesticides 500 1000

Herbicides 500 1000

Metals 300 300

11.2.1.1. For TCLP and SPLP samples used for matrix spike and matnixspike
duplicate analysis, two to three times the listed volumes are required.

1 1.2.2. Sample Description (determine sample matrix)

1 1.2.2.1 .Solid - If the waste will obviously yield no free liquid when subjected to

pressure filtration , then proceed to Section 1 1.2.5 or 1 1.4 (Bottle Extraction
Procedure or ZHE Procedure).

II 1.2.2.2.Liquid - If the sample is a monophasic liquid, proceed to Section 1 1.2.3

(Percent Solid Determination).

1 1.2.2.3. MUltiphasic - The sample has discernible layers (liquid/liquid or

liquid/solid). If more than one container of multi-phasic materials is received

from the field, each container might show different amounts of each phase.

Consult client to determine sample selection alternatives (composite all

sample containers, select one, resample, etc.) if this occurs.

1 1.2.3. Solids Detenriination

1 1.2.3. 1 Determine Type of Filtration Apparatus and Process

1 1.2.3. 1.1 IPercenrt Solids and ZHE Extractions - The ZHEL filtration

apparatus cannot accurately determine percent solids less than 5%.

If an extraction is to be performed solely for volatile organic
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compounds and the percent solids concentration is apparently
greater than 5%, proceed to Section 1 1.4 (ZHE Extraction
Procedure, Volatile Constituents). Otherwise, continue with Section
1 1.2.3.2. The aliquot of sample used here cannot be used again for

thle ZMEl extraction.

I11.2.3.1 .2.lf7 the sample is mostly a non-viscous liquid (water or non-viscous
organic liquid) of low solids content (expected to be < 0.5%) ,
vacuum filtration should be used initially. Proceed to determination
of percent dry solids (Section 1 1.2.3.2)

1 1.2.3.1 .3.lIf the sample is viscous (sludge, oil, or is expected to have solids
content > 0.5%), use pressure filtration. Proceed to determination of
wet solids (Section 11.2.3.3).

I 1.2.3.2.Detennination of percent dry solids

1 1.2.3.2.1 IMeasure and record the weight of the filter. Load the filter into
the filter holder and assemble vacuum filter apparatus.

I 1.2.3.2.2. Homogenize the waste, then transfer 1 00 g subsamnple to a glass
beaker. Record the sample weight in the percent dry solids section
of the logbook.

II 1.2.3.2.3.Turn on Vacuum source, Transtler the sample to the vacuum
filtration device attempting to spread the waste sample evenly over
thle surface of the filter. Be Sure to transfer all particulates from the
beaker to the filter. Use a reagent water rinse if necessary.

II 1.2 .3.2.4.Once all liquid has been pulled though the filter, remove thle filter
with the wet solids from the vacuum filtration apparatus.

II 1.2 .3 .2.5.Dry the filter and solid phase at 100 ± 200' C for approximately
IS minutes.

II 1.2.3.2.6.Remove the filter from the oven and allow to cool in a desiccator.

II 1.2.3.2.7.Weigli and record the dry weight of filter + particulates.

II 1.2.3.2.8.CalCUlate and record the percent dry solids.
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i 1.2.3.2.9.If the percent dry solids is Ž! 0.5%, repeat the drying step. Weigh
and record the second filter + particulates dry weight. If the two
weighings do not agree within 1%, perform additional drying and
weighing until successive weighings agree within I1%.

1 1.2.3.2. 1 0.If the dry solids result is Ž 0.5%, proceed to Section 1 1.2.3.3

using a fresh wet portion of the multiphase waste.

1 1.2.3.2.11 IIf the percent solids result is less than 0.5%, discard the solid

phase. No leaching will be necessary. Filter sufficient sample with

either the pressure filtration system or ZHE system as described in

Sections 1 1.3 and 1 1.4. The filtrate is the TCLP leachate.

1 1.2.3.3.Determination of wet solids

1 1.2.3.3.1 IAssemble the pressure filtration apparatus (use blunt forceps to

handle the 0.6 to 0.8 pm filter membrane).

1 1.2.3.3.2.[-Homogenize the waste, transfer a minrimum of a 100 ml-

subsample to the glass beaker. Measure and record the gross
weight (logbook columrn A).

II 1.2.3.3.3.Measure and record the tare weight of the filtrate collection bottle

(logbook columrn D).

II 1.2.3.3.4.Transfer the sample to the filtration device attempting to spread
the waste sample evenly over the surface of the filter. Measure and

record the taie weight of the empty glass beaker and any residual

sample (logbook column B).

II 1.2.3.3.5.Calculate and record the net weight of sample used for testing

(logbook column C).

I11.2.3.3.6.Slowly apply gentle pressure of 10 psi to the filtration apparatus.

Allow the sample to filter until no SIGNIFICANT additional liquid

has passed through the filter during a 2 minute period.

I11.2.3.3.'7.If necessary, repeat previous step by increasing the pressure in
I0 psi increments until a maximum of 50 psi is reached. Stop the

filtration when no additional filtrate is generated within a 2 minute

peniod.
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Note: Some samples will contain liquid material that does not filter
(e.g., oil). Do not attempt to filter the sample again by
exchanging filters. Viscous oils or any wastes which do not
pass through the filter arc classified by the method as a solid.

1 1.2.3.3.8. Remove the filtrate collection bottle, weigh and record the gross
weight (logbook column E).

II 1.2.3.3.9.Calculate and record the net weight of filtrate (logbook column
F). This result will be used in the percent solids calculation.

1 1.2.3.3. IO.Pour the filtrate into an appropriately sized graduated cylinder.
Measure and record thc volume of the filtrate in the logbook.

1 1.2.3.3.11 LRetain the filtrate for possible recombination with the Ieachate in
Section 1 1.3.6. Rctain the filtcr and wet solids for the leaching in
Section 11.3.

1 1.2.3.3.1 2.For mul.1tiphaSe sample preparations, calculate the total weight of
wet solids and record the result in logbook column 0.

1 1.2.4. Particle-size Reduction for Fluid Selection

1 1.2.4.1 ]The subsample used for- flUid selection mu1Lst consist of particles less than
approximately I mmn in diamctcr (verUS the less than I cim requirement for
the material used for the actual extraction). The method requires a smaller
particle size to partially compensate lor the shorter duration of contact time
with the leachate Solution as compared to the full extraction. Inappropriate
use of coarser materials Could result in the selection of the wrong fluid type.

II 1.2.4.2.Surface area exclusion - size reduction is not required if the sample surface
area is greater than or equal to 3.1I crm2 per gram.

II 1.2.4.3.lf the sample contains particles greater than approximately I mmn in
diameter, crush, cut, or grind the solids to the required size.

II 1.2.4.4.Con1SUlt a Supervisor or manager when dealing With uiuisual sample matrices
(e.g., wood, cloth, metal, brick).

I 1.2.5. Determination of Appropriate Extraction Fluid
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1 1.2.5.1I.If the solid content is greater than or equal to 0.5%, and if the sample is

being analyzed for metals or nonvolatile organic compounds, the type of

leaching solution must be determined.

I11.2.5.2. Follow times, temperature, and particle size specified in this section as

closely as possible. If reaction time between the acid solution and solid

waste is too short or too long, the procedure may produce false pH

readings.

I 1.2.5.3. For SPLP, refer to Section 7.8 for fluid selection. Record the fluid type in

the logbook.

II 1.2.5.4.The TCLP leaching fluid for all volatiles is TCLP Fluid #1.

IL .2.5.5.TCLP leach fluid determination for non-volatile analytes

1 1.2.5.5. 1 Calibrate the pH meter with fresh buffer solution in accordance
with the pH SOP.

11 .2.55.2.Weigh out a 5.0 + 0.1 g subsample (less than I mm particle size)

of the solid phase into a glass container, and record in the logbook.

Note: If sample quantity is limited, consult supervisor or manager.

Note: Many nmultiphase samples have limited solids quantity . In

these instances use aS5 g aliquot of the whole sample. Document this

difference in the logbook comment section.

II 1.2.5.5.3.Add 96.5 +h 1.0 mL of reagent water, cover with a watchglass,

and stir for 5 minutes.

II 1.2.5.5.4.Mcasure and record the pre-test sample pH in the logbook.

Note: To avoid damaging a glass pH- probe when organic liquid is

present, use narrow range pH indicator paper or an ISFET pH

meter.

II 1.2.5.5.5.lf the pH is less than or equal to 5.0, use TCLP Fluid #1.

I11.2.5.5.6.lf the fluid pH is greater than 5.0, add 3.5 mL I N HCI. Slunry

the samplc briefly. Clip thermometer to the inside edge of one

sample in each pre-test sample group to monitor the temperature.
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All samples in the group must go on the hot plate at the same time in
order for the temperature of the one monitored sample to represent
the others. Heat to 500C and maintain for 10 minutes.

Note: The heating cycle is a critical step. If the solid waste does not
remain in contact with the acidic solution under specified time and
temperature conditions, an erroneous pH may be measured.

I 1.2.5.5.7.Cool to oroo temperature.

II 1.2.5.5.8.Measure and record the pH- immediately after the sample has
reached room temperature.

1 1.2.5.5.8.1 I.f the pH is less than or equal to 5.0, use TCLP Fluid
#1. Record the buffer in the logbook.

II 1.2.5.5.S.2.lf the pH is greater than 5.0, Use TCLP Fluid #2.
Record the bUffer in the logbook.

I 1.2.6. For samples requiting analysis for semni-volatile organics, pesticides, herbicides or
metals proceed to Section 1 1.3.

1 1.2.7. For samples requiring analysis for volatile organics (ZI-IE), proceed to Section 1 1.4.

1 1.3. BOTTLE EXTRACTION PROCEDURE: NON-VOLATILE CONSTITUENTS: SEMI-
VOLATILES, PESTICIDES, HERBICIDES, METALS (Refier to Flow Chart #2,
Appendix D)

11.3.1. Evaluate the solid portion of the waste for particle size. If it contains particles greater
than I cm in size, prepare the solid portion of the waste fbor leaching by crushing,
cutting, or grinding such that all particles are less than I cm in size (i.e., capable of
passing through a 9.5 nim, 0.375 inch, standard sieve). Size reduction is not
required if the sample Surface area is greater than or equal to 3.1 cmn2 per grain. If
particle size reduction was required, record this in comments coIlumn in logbook.

1 1.3. 1.1 IConsult your supervisor or manager when dealing with unusual sample
matrices (e.g., wood, cloth, metal, brick). Scissors or shears may be used to
cut cloth, plastic or sheet metal. Saws may be used for wood or solid metal.
Detennination of-particle size reduction tools should take into account the
requested analytes (e.g. avoid chromium steel tools when TCLP metals have
been requested). Bricks, rocks, or other solids amenable to grinding may be
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subcontracted out for particle size reduction. (Contact PA or PM.) Note

that size reduction to fine powder is not appropriate, and could invalidate
results. If necessary, consult client for guidance.

11.3.2. Determine the minimum total volume of solid phase leachate that needs to be
generated. Refer to Section 11.2. 1.

11.3.3. Use 1 00 g of solid unless sample quantity is limited. If limited sample, divide the total

volume of solid phase leachate required by 20 to determine the minimum mass of

solid phase required for leaching. Round this mass UP to the nearest 5g. Client

must be notified if less than 100 g of solid material is used.

Note: Solid phase material is often in limaited quantity from multiphase samples.
Generally all the solid phase material and the filter from Section 1 1.2.3.3.1 1 are

transferred to the leaching bottle

11.3.4. Weigh the required mass of solid phase into an appropriate bottle (plastic for metals

only, glass for all others) and slowly add 20 times its mass of appropriate leaching

fluid (e.g., 100 g of sample would require 2000 mL of leaching fluid). Record the

weight of the sample aliquoted for the extraction. Record the volume of extraction

fluid added inl the logbook if other than 2000 mL.

11.3.5. Ensure any effervescence has stopped before capping the bottle tightly. Secure inl a

rotary agitator and rotate end-over-end at 28-32 rpm for 16-20 hours. The

temperature of the room should be 23 ± 20C. Record the rotary agitator I.D. and

the date and time extraction is started and completed in the logbook.

NOTE: As agitation continues, pressure may build up within the bottle for some

types of wastes. To relieve excessive pressure, the bottle may be removed and

opened periodically in a properly vented hood to relieve any built-up pressure

11.3.6. After tumbling in the rotary agitator is completed, remove the bottle and allow the

solids to settle. Record the date and time the extraction is completed in the logbook.

If sample was multiphase with an initial filtrate, drop a few drops of the filtrate (with a

disposable glass pipette) into the extraction bottle and observe whether the filtrate is

insoluble or forms a precipitate with the leachate. If so then the filtrate is not

compatible with the Ieachate and must be bottled and analyzed separately. The
results are nonrially mathematically recombined (Section 12.1.2). If the filtrate is

compatible with the leachate (ie completely soluble) then pour the entire filtrate into

the leachate bottle, recap and mix. Proceed with the leachate filtration step in the
next section.
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11,3.7. Filter the sample using pressure filtration by filtering through a new glass fiber filter.
For final filtration of the TCLP leachate, the glass fiber filter may be changed, if
necessary, to facilitate filtration. Filters nmust be acid washed if metals are to be
detenriined (see Section 6.3). The entire sample need not be filtered; however,
sufficient volume should be generated to support the required analyses.

11.3.8. Measure the pH- of the TCLP leachate and record in the logbook. (Use narrow
range p1- paper or ISFET pH mecter to measure the pH of oily samples as a glass pH
probe may be damaged .)

11.3.9. Prepare subsamples for metals for MS/MSD quality control testing using the
appropriate TCLP spiking solution (do not spike for organies). Refer to the
appropriate determinative SOPs for further guidance on the spike components, levels
and action criteria.

1 1.3. 1 O.lmmnediately preserve the leachate as follows:

Metals p1- < 2 w/ 1-IN0 3 fior aqueous filtrates and leachates
(do not acidilfy oils and other non1-aqUeouIS liquids)

All others Refrigerate to 4 ± 2 "C

Note: Refecr to Section 8.6 if'precipitation Occurs upon preservation.

I 1.3.1 [ .Label each sample with the appropriate infomiation and submit to the appropriate
analytical groups lor prep and analysis. For 11ult1iphase samples requiring
mathematical recombination provide copies of the TCLP preparation logbook sheets
to the sample preparation and analysis groups. Most mathematically recombined
samples will require data entry for the filtrate and leachate portions as well as fbr the
mathematically recombined results. Contact the project manager to ensure the
proper sample login is completed.

11.4. ZH'E EXTRACTION PROCEDURE: VOLATILE CONSTITUENTS (Refer to Flow
Chart #3, Appendix D)

1 1.4.1. Use the ZH-E device to obtain at TCLP leachate for analysis of volatile compounds
only. Leachate resulting from the use of the ZH-E shall NOT be used to evaluate the
mobility oftnon-volatile analytes (e.g., metals, pesticides, herbicides and semli-
volatile organies).

1 1.4.2. Due to sonic shortcomings of the method, losses of volatile com1pou~nds may occur.
Extra care Should be observed during thre ZH-E procedure to ensure that such losses
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are minimized. Charge the ZHE with sample only once and do not open the device

until the final extract has been collected. Do not allow the waste, the initial liquid

phase, or the extract to be exposed to the atmosphere any longer than necessary.

1 1.4.3. Install new 0-rings and adjust the ZH-E piston in the ZHE body to the appropriate

height (slightly moisten the 0-rings with leaching fluid if necessary).

1 1.4.4. If the preliminary evaluations indicated the need for particle size reduction,

homogenize the waste, weigh out a sufficient size subsample and prepare for leaching

by crushing, cutting, or grinding such that all particles are less than 1 cm in size as

measured with a ruler (Do NOT sieve the sample). Size reduction is not required if

the sample surface area is greater than or equal to 3.1 cmr per gram If particle size

reduction was required record this in the comments column of the logbook.

Note: To minimize loss of volatiles, samples for volatiles that require particle size

reduction should be kept in sample storage (at 40C) until immediately before size

reduction. Aggressive reduction which would generate heat should be avoided and

exposure of the waste to the atmosphere should be avoided to the extent possible.

Size reduction to a fine powder is not appropriate. Also see Section 1 1.3. 1.

1 1.4.4- I.Consult your supervisor or manager when dealing with unusual sample

matrices (e.g., wood, cloth, metal, brick). Scissors or shears may be used to

cut cloth, plastic or sheet metal. Saws may be used for wood or solid metal.

Bricks, rocks, or other solids amenable to grinding may be subcontracted

out for particle size reduction (Contact PM).

1 1.4.5. Homogenize and transfer an appropriate size subsample of the waste into the ZHAE

and record the mass in the logbook.

1 1.4.5.1 .For wastes that are solid, a 15 g sample is used.

I11.4.5.2.For wastes containing < 0.5% solids, the liquid portion of the waste, after

filtration, is defined as the TCLP leachate. Filter enough of the sample to

support all of the volatile analyses required.

11 .4.5.3.lf the sample has Ž 0.5% solids and has non-volatile TCLP/SPLP

requested, the appropriate sample size should be estimated based on the wet

solids content determined in Section 1 1.2.3.3. If ZHE only, use visual wet

solids estimate to sample subaliquot.
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Note: For wastes containing greater than 0.5% wet or dry solids, the
"solids" value from the ZHE filtration process may be used to
determine the volume of fluid to load into the ZHE. This approach is
recommended since the solids value from Section 1 1.2.3.3 may
differ from the ZHE filtration solids due to sample variability or
differences in the filtration apparatus.

11.4.6. Carefully place the glass fiber filter between the Support screens and secure to the
ZFIE. Tighten all the fittings.

11.4.7. Place the ZHE in a vertical position; open both the gas AND liquid inlet/outlet valves.
Attach a gas line to the gas inlet/outlet valve.

11.4.8. If the waste is solid, slowly increase the pressure to a maximum of 50 psi to force out
as mu1Lch headspace as possible and proceed to Section 1 1.4.13.

1 1.4.9. I f this is a mnutliphase sample, carefully apply gentle pressure of 1 0 psi (or more, if
necessary) to force all headspace Slowly out of the ZHE. At the FIRST appearance
offliquid from the liquid inl1et/outlet valve, quickly close the valve and discontinue gas
pressure.

I 1.4. I 0.Assemnble a syringe and place the plunger in all the way. Attach the pre-weighcd
syringe to the liquid inlet/outlet valve and open the valve. Record the tare weight of
the collection syringe in column D of the logbook.

1 1.4.11 ICarehilly apply gas pressure of no more than 10 psi to force out the liquid phase.
Allow the sample to filter until no SIGNIFICANT additional filtrate has passed in a 2
minuate period.

Note: If the capacity of the syringe is reached, close the liquid inlet/outlet valve,
discontinue gas pressure, remove the syringe, weigh, record weight in column E and
filtrate volume in the logbook. Retumn to Section 1 1.4. 10.

II 1.4.12.Repeat previous step increasing the pressure iii 10 PSI increments until 50 psi is
reached and no significant liquid has passed in a 2 mninute period. Close the valve and
discontinue gas pressure. Remove the collection device and record the total weight
of the collection device with filtrate in Column lE and filtrate voIlume in the logbook.
Transfer the filtrate to VGA vials and label appropriately. Calculate the weight of
filtrate collected and record in Column F in the logbook.

Notes: If the original waste contained less than 0.5% solids (Section 1 1.2.3.2), this
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filtrate is defined as the TCLP leachate and you may proceed to Section 1 1.4.22.

Otherwise, save the vials by storing at 40C under minimal headspace conditions, for

recombination as in Section 1 1.4.2 1.

The material remaining in the ZH-E is defined to be the "solid" phase. Calculate the

weight of the solid phase and record in column G of the logbook by subtracting the

weight of the filtrate from the weight of the sample.

11 .4.13.Determine the amount of buffer to use. Solid samples use 300mL of leachifluid (20

X 15 g). For multiphase samples use the wet solids (column G) amount and multiply

by 20. Record the leach fluid volume in column H of the logbook.

Note: The TCLP ZHE prep uses only TCLP fluid #1; the SPLP ZH-E prep uses

only SPLP fluid #3.

I 1.4.14.Load the fluid transfer reservoir with an excess of Fluid #1 and preflush the transfer

line to eliminate air pockets. Be sure the required volume remains.

I11.4.1 5.Attach the transfer line to the liquid inlet/outlet valve and open the valve. Carefully

pump the required volume into the ZHE and close the valve. Disconnect the transfer

line.

II 1.4.1 6.Check the ZHE to make sure all the valves arc closed and manually rotate the ZHE

(end-over-end) 2 or 3 times. Reposition the ZHE in the vertical position.

I1l.4.17.PressurizetheZHEto 5-10psi. IftheZHE appearstobeleaking, follow the

corrective action protocols recommended by the manufacturer and repeat the

analysis.

1 1.4. 1 8.Slowly open the liquid inlet/outlet valve to bleed out any headspace that may have

been introduced during the introduction of the Fluid. Upon the first sign of liquid

from the valve, close the valve.

II 1.4.19.Repressurize the ZHE to 5- 10 psi and place in the rotary agitator. Rotate at 28-32

rpm for 16-20 hours. Room temperature should be 23 ± 2 'C. The room

temperature is recorded using a continuous temperature monitor.

II 1.4.20.Conifirm that the pressure of 5-1 0 psi was maintained throughout the leaching. If it

was NOT maintained, return to Section I 1.4 and repeat the leachate with a new

aliquot of sample.
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1 1.4.21 .If there is an initial liquid filtrate (See 1 1.4.12) determine if it is compatible with the
teachate if the filtrate has not been previously tested (Sec. 1 1.3.6).

1 1.4.2 1.1 IRemove the plunger from the syringe and attach the barrel to the ZHE
vessel. Open the outlet valve and pressurize as necessary to transfer about I
mL of leachate into the syringe. Close the outlet valve.

I11.4.21 .2.With a glass pipette transfer a few drops of initial filtrate into the open
syringe barrel. Formation of separate layers or a precipitate indicates the
filtrate and leachate are not compatible. Bottle the filtrate for separate
preparation and analysis. TFhe results arc normally mathematically
recombined.

I11.4.213 3ff the filtrate is compatible gently pour the remainder of the filtrate into the
syringe barrel. Install the plunger. Bleed any pressure in the ZHE piston.
Open the inlet/ou~tlet valve and depress the Syringe plunger to inject the
filtrate into the ZFI-E vessel. Do not inject the air bubble (if present) from the
syringe.

I 1.4.21 .4.Close the valve and rotate a few times to mix. Proceed with leachate
filtration as described in the next section.

II 1.4.22.Attaelh an empty syringe to the outlet valve. Open the valve and pressurize the
piston to expel the leachate from the ZH-E vessel. Following collection, store the
TCLP Ieachatc in 2 or 3 40-wL VOA vials with minimal hecadspace at 4 ± 2 0C and
prepare for analysis as soon as possible using the appropriate organic analysis
procedure (see Section 1 6.3).

I 1.4.23.1ftlhe individual pheases are analyzed separately, combine the results mathematically
by using the recombination calculation in Section 12.1.2. . Provide copies of the
TCLP preparation logbook sheets to the sample preparation and analysis groups.
Most mathematically recombined samples will require data entry for the filtrate and
leachate portions as well as for the mathematically recombined results. Contact the
project manager to ensure the proper sample login is completed.

12. DATA ANALYSIS AND CALCULATIONS

1 2.1. Calculations
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12. 1. 1. Calculation of weight of extraction fluid to use:

Volume of extraction fluid =20 X weight of wet solids to be extracted

12.1.2. Mathematical recombination of analytical results:

Final Analyte Concentration--(IXC)+V2XC

VI = total volume of the initial filtrate phase (L).

C1I analyte concentration in initial filtrate phase (mg/L).
V2 -volume of the theoretical solid phase leachate (L).

C2 = analytec concentration in solid phase leachate (mg/L).,

12.2. REPORTING REQUIREMENTS

12.2. 1. Follow these reporting conventions for multi-phase samples:

12.2. 1. 1 If both phases have positive results, use the values from each phase to

calculate the recombined result. Use the reporting limit for each phase to
calculate the recombined reporting limit.

12.2.1 .2.lf both phases are "ND" (not detected) the recombined result is "ND," and

the reporting limit is calculated from the reporting limit for each phase.

12.2.1 .3.lIf one phase is "ND" and the other phase has a positive result, use the zero

for the "ND" phase and the positive value for the other phase to calculate the

combined result. This will produce a minimum known concentration.
Alternatively, at client request, the maximum possible concentration can be

calculated by using the reporting limit for the "ND" phase rather than zero.

The combined reporting limit is based on the reporting limit for both phases

12.2.2. Units - regardless of the nature of the sample, all TCLP and SPLP results are

reported in units of mg/L.

1 2.2.3. For limits and significant figures, consult the appropriate analytical methods (Section

16.3).
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12.2.4. Anomalies - all anomalies observed during the leach procedure must be noted on the
worksheet or an NCM form. Some examples of such anomalies are:

12.2.4.1 ISample was monolithic - particle size reduction not possible due to nature
of matnix.

12.2.4.2. Insufficient sample - less than the required 100 g minimum was available.

12.3. REVIEW REQUIREMENTS

12.3.1. Review all applicable holding times. If a holding time was exceeded, confirm that a
holding time violation was properly documented in an NCM.

12.3.2. If Total analysis results are available, those results m ay be com pared with the TCLP
analysis results according to the following:

Total Ž 20 xc 7CLP

NOTE: Assumes the sample is 100% Solids.

12.3.3. Total Constituent analysis results can be used to detronstrate the TCLP protocol is
unnecessary. In performing a TCLP analysis, there is a 20:1 dilution of the original
sample with the leaching Solution. Thus, if the "total constituent" result is less than 20
times the TC level, it is impossible for the leachate to "fail" arid the TCLP does not
necd to be perlbonied. For example, the TC level for lead is 5.0 mng/L (ppmn).
Therefore, if a sample of lead-contaminated soil contains less than I 00 ppm total
lead, a TCLP test need not be nun to demonstrate that lead is less than the TCLP
limit.

13. METHOD PERFORMANCE

13.1. Refer to individual analysis SOPs.

13.2. Triining Qualification:

Thc group/team leader has the responsibility to ensure that this procedure is perfiormed by an
associate who has been properly trained in its use and has thle required experience.

14. POLLUTION PREVENTION
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14. 1. This method does not contain any specific modifications that serve to minimize or prevent
pollution.

15. WASTE MANAGEMENT

15.1. Waste generated in this procedure must he segregated and disposed according to the

facility's hazardous wastes procedures. The Environmental Health and Safety Director

should be contacted if additional information is required.

16. REFERENCES

16.1. Method 131 1, Toxicity Characteristic Leaching Procedure, Revision 0, July 1992, SW-846

Final Update 1.

16.2. Method 1312, Synthetic Precipitation Leaching Procedure, Revision 0, November 1994,

SW-846 Update II.

16.3. Related Documents

16.3. 1. Toxicity Characteristic: Corrections to Final Rule. Method 131 1, Federal Register,
Vol. 55, No. 126, Friday, June 29, 1990.

16.3.2. Toxicity Characteristic: Final Rule. Method 131 1, Federal Register, Vol. 55, No.
6 1, Thursday, March 29, 1990.

16.3.3. Technical Background Document and Response To Comments, Method 131 1,

Toxicity Characteristic Leaching Procedure, USEPAIOSW, April, 1989.

16.3.4. QA-003, Quality Control Program

16.3.5. CORP-IP-0OO3NC: Acid Digestion of Aqueous Samples by SW846 and
MCAWW 200 Series Methods.

16.3.6. CORP-MT-OOO1NC: Inductively Coupled Plasma-Atomic Emission Speetroscopy,

Spectrometric Method for Trace Element Analysis, Method 60108B and Method

200.7.

16.3.7. CORP-MT-00O3NC: Graphite Furnace Atomic Absorption Spectroscopy,
(Thallium only)
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I16.3.8. CORP-MT-0005NC: Preparation and Analysis of Mercury in Aqueous Samples by
Cold Vapor Atomic Absorption, SW-846 7470A and MCAWW 245. 1

16.3.9. CORP-MS-0002NC: Determination of Volatile Organies by CC/MS based on
Methods 82608, 624, and 524.2.

l6.3.l0 .CORP-MS-000 INC : CC/MS Analysis Based on Method 8270C and 625.

16.3.1 1. CORP-GC-OOO INC: Gas Chromatographic Analysis Based on Methods 80008,
80218B, 808 1A, 8082, SISI1A, 8310, 6l10, and 8141 A.

16.3. 12.CORP-OP-OOOINC: Extraction and Cleaniup ofOrganic Comnpounds from
Waters and Soils, Based on SW846 3500 Series, 3600 Series, SISI]A and 600
Series Methods.

17. MISCELLANEOUS

17.1. Modificationis/Initerpretationis from Reference Methods

17. 1. 1. Section 1 1.2: Preliminary Evaluations. Section 7.1 oI'the source method 1311 states
that the sample aliquot used for thle preliminary evaluation "..may not actually
undergo TCLP extraction." Section 7.1.5 of the source method indicates that thle
portion used for the preliminary evaluation may be used ter either the ZH-E or non-
volatile extraction iffthe sample was I100%Y solid, Section 7.1.5 further indicates that
if the sample was Subjected to filtration (i.e., < I100% solid) that this aliquot may be
used for thre non-volatile extraction procedure only as long as su~fficien~t sample is
available (mlinlimum11 100 g). Samples which have been subjected to the oven drying
step may not be used for TCLP extraction because solid phase degradation may
result upon hreating.

17.1.2. Sections 11.3.6 and 11.4.21: Determination of Filtrate/Extraction Fluid
Compatibility. Section 7.2.13 of the source method provides 110 guidance as to how
to make this determination. As a result, the procedure herein was developed.

17.1.3. Section 9.2: TCLP Extraction Blanks. Section 8.1 of the source method states that
a mlinlimum.11 of one blank fior every 20 extractions "..that have been conducted in an
extraction vessel." STL has interpreted this to mean one blank per twenty samples
leached per TYPE of leaching vessel (i.e., Bottle or ZI-IE) per leach fluid used.
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17.1.4. Section 11.2.5.5.8.1: Determination of Appropriate Extraction Fluid. Method 1311

does not address the appropriate approach to take if the pH equals 5.0. This SOP

requires that Fluid #I must be used if the pH is less than or equal to 5.0.

17.1.5. Section 9.4: QA/QC - Matrix Spikes. Section 8.2 of the source method states "A

matrix spike shall be performed for each waste type..." and "A minimum of one

matrix spike must be analyzed for each analytical batch." Further, Section 8.2.3 of

the source method also states "The purpose of the matrix spike is to monitor the

performiance of the analytical methods used, and to determine whether matrix

interferences exist." The standard STL LQM is designed to address the

performance monitoring of analytical methodology through the LCS program. A

minimum of one MS and MSD will be prepared for each TCLP leachate batch.

The MS/MSD results are used to determine the effect of a matrix on the precision

and accuracy of the analytical process. Due to the potential variability of the matrix

of each sample, the MS/MSD results have immediate bearing only on the specific

sample spiked and not all samples in the batch.

17.1.6. Section 8-2.2 of the source method states that "In most eases, matrix spikes should

be added at a concentration equivalent to the corresponding regulatory level." The

method also states "If the analytec concentration is less than one half the regulatory

level, the spike concentration may be as low as one half of the analyte concentration

but may not be less than five times the method detection limit". For several analytes,

spiking at the regulatory level is inappropriate to the range of analysis afforded by the

determinative methods. Due to the wide range in these levels, STL spikes at the

levels specified in the determinative SOPs.

1 7.2. Modifications from Previous SOP

17.3. Facility Specific SOPs

Each facility shall attach a list of facility specific SOPs or approved attachments (if

applicable) which are required to implement this SOP or which are used in conjunction with

this SOP. If no facility specific SOPs or amendments are to be attached, a statement must

be attached specifying that there are none. Refer to the Appendices for any facility specific

information required to support this SOP.
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Table 3 - Toxicity Characteristic Analytes and RegulatorV Levels (Final Rule)
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Contaminant mg/L
Arsenic 5.0
Barium 100.0
Benzene 0.5
Cadmium 1.0
Carbon tetrachloride 0.5
Chlordane 0.03
Chlorobenzene 100.0
Chlorofoorm 6.0
Chromium 5.0
o-Cresols 200.0
m-Cresols 200.0
p-Cresols 200.0
Total Cresols (used if 200.0
isomers not resolved) _____

2,4-D to00
1 ,4-Dichloro-bcnzene 7.5
I1,2-Dichloroethane 0.5
2,4-Diritrotoluene 0. 13
I ,I-Dichloroethylene 0.7
Endrin 0.02
1-leptachlor (& epoxide) 0.008
I-lexachlorobcnzenc 0.13
l-lexach lorobutadicnle 0.5
Flexachloroethane 3.0
Lead 5.0
Lindane 0.4
Mercury 0.2
Methoxychlor 10.0
Methyl ethyl ketone 200.0
Nitrobenzene 2,0
Pentachlorophenol 100(.0
Pyridine 5.0
Selenium 1.0
Silver 5.0
TetrachlIoroethy lene 0.7
Toxaphene 0.5
Trichloroethylene 0.5
2,4,5-Trichloropheriol 400.0
2,4,6-Trich lorophenol 2.0
2,4,5-TP (Silvex) I 0

1Vinyl chloride 0.2
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Figure I & 2 - Rotary Agitation Apparatus and Zero Headspace Extraction Vessel (ZHE)

Figure 1. Rotary Agitation Apparatus

Uquid inlet/Outlet Valve

Top Fag

Piston

Pressurized Gas -

lnlevustlet Valve Pressure
Gauge
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Figure 3 - US Environmental Poeto gnyMmrnu 3,Pg

'W' ~~UNITED STATES ENVIRONMENTAL PROTECTI0N AGENCY
WASHINGTON, D.C. 20460

DATE: June 12, 1992

SnUBJEC: Notes on RCRA Methods and QA Activities

From: Gail Hansen, Chief O~ nd-

methods section (OS-331)

This memo addresses the following topics:

o 1992 symposium on Waste Testing and Quality

Assurance

o SW-846 Update

- Final Rule for January 22, 19819 proposed Rule

- Notice, Proposed Rulemaking f or the Second Update 
to

the Third Edition

o chlorofluorocarbofl 112 (CFC-113) Solvent Replacement

Update

o Environmental Monitoring Methods IndeX (EKCI)

o Sampling Work Group Fornation

O NICE Update

o oily waste Analysis

o Electronic SW-846 Availability.

1
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Figure 3 - US Environmental Protection Agency Memorandum #35, Page 10

Oily Waste Analysis

One of the most frequently asked questions on the NICE
Service concerns the application of the TCLP, Method 1311, to
oily wastes. Many callers request technical guidance on the
extraction of oily wastes due to the difficulty in the filtration
on these types of waste. In many cases, an oily waste does not
filter completely due to premature clogging of the glass fiber
filter. This can result in the retention of standing liquid on
the glass fiber filter. Material that do not pass through the
glass fiber filter at the conclusion of the filtration step is
defined by the method as the solid phase of the waste. The solid
phase is then subjected to the leaching procedure of the TCLP.
For oily wastes, clogging of the glass fiber filter can result in
an overestimation of the amount of solid material available for
leaching.

r ~To solve this problem, the Agency recommends a conservative
approach, one that probably gill overestimate the amount of
leaching. Rather than performing the TCLP extraction on the
unfiltered portion of the oily waste, assume the waste is lO0t
liquid (e.g., will pass through the glass fiber filter) and
perform a totals analysis on the oily waste to determine if the

oil exceeds the appropriate regulatory level.

Filterable waste oil generated during the TCLP must be
analyzed for a variety of organic and inorganic analyzes. The
O5W recognizes the difficulty in achieving acceptable performance
for the analysis of waste oil using methods currently provided in
SW-846. As a result, the Agency will provide several new methods
for the preparation and analysis of oil samples to the Organic
Methods Workgroup in July. In addition, a microwave assisted
digestion procedure should improve the analysis of metals and
will, be proposed as part of the Second Update of the Third
Edition of SW-846. Brief descriptions of these techniques are
provided below, for additional information on the organic

procedures contact Barry Lesnilc at (202) 260-7459. For
additional information on microwave digestion contact Ollie
Fordham (202) 260-4778.

The use of purge-and-trap (Method 5020) for volatiles in oil
generally results in severe contamination of analytical
instrumentation. Traps, transfer lines and chromatography
columns may become contaminated with oil. This leads to elevated
baselines, hydrocarbon background in subsequent analyses, and
cross-contamination. Headspaca (Method 3810) is currently
allowed only as a screening procedure in SW-BAG. The Agency is
evaluating the use of headspace in conjunction with isotope
dilution mass spectrometry for the quantitative analysis of
volatiles in oil. Headspace reduces interference problems
encountered with purge-and-trap. However, headspace quantitation
can be questionable because the distribution of analyzes is not

10
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Flow Chart 1. Preliminary Sample Evaluation
(Section 11.2)

Yes Sample filtrate =TCLP

test solution. No
Is % dry solids < eC- further preliminary0.5%? [-Ys tests are needed. Go
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mix, cover, heat to Add 96.5 mL- reagent water.

50'C for 10 min. Cool. *No- Stir vigorously for 5 min.
Measure pH. Is pH < Measure and record pH. Is pH

5.01? < 5.0?

Yes

Fluid #2. pH = 2.88 'Note: 1 mm size is used only for determination of
leachate solution. 3.1 sq. cm or 1 cm diameter is
used to determine need for size reduction.
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Flow Chart 2. Bottle Extraction, Non-Volatile Constituents
(Section 11.3)
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Flow Chart 3. ZHE Extraction, Volatile Constituents
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Flow Chart 3. ZHE Extraction
(Continued)
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1. SCOPE AND APPLICATION

*. I. This method is applicable to the determination of pH in waters, wastewaters, and solids. It is
based on SW846 Methods 9040B and 9045C and EPA Method 150. 1. The approximate
working range is I - 14 pH units. Samples with a pH of < I are reported as < I.

1.2. The associated method codes are PU (9040B), OZ (9045C), and AJ (1 50. 1). The
preparation codes are 88 and I C.

1.3. This document accurately reflects current laboratory standard operating procedures (SOP) as
of'thec date above. All facility SOPs are maintained and updated as necessary.

2. SUMMARY OF METHOD

2.1. The pH- is dletennined electrometrically by using an electrode. The pH meter is calibrated with
a series of known p11 buffers.

3. DEFINITIONS

3.1. Refer to the glossary in the Laboratory Quality Manual (LQM), latest version.

4. INTERFERENCES

4.1I. Samples with very low or very high pHl may give incorrect readings on the meter. For samples
With a true pH of > 1 0, the measured p1- niay be incorrectly low. This error can be minimized
by using a low-sodiumn-error electrode.

5. SAFETY

5.1. Procedures shall be carried out in a manner that protects the health and safety of all STL North
Canton associates.

5.2. Eye protection that protects against splash, laboratory coat, and appropriate gloves must be
worn while samples, standards, solvents, and reagents are being handled. Disposable gloves
that have been contaminated will be removed and discarded; other gloves will be cleaned
immediately.

5.3. The health and safiety hazards of many of the chemicals used in this procedure have not been
fully defined. Additional health and safety infibnnation can be obtained from the Material Safety
Data Sheets (MSDS) maintained in the laboratory.
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5.4. Exposure to chemicals must be maintained as low as reasonably achievable, therefore,

unless they are known to be non-hazardous, all samples must be opened, transferred and

prepared in a fuame hood, or under other means of mechanical ventilation. Solvent and waste

containers will be kept closed unless transfers are being made.

5.5. The preparation of standards and reagents will be conducted in a fime hood with the sash

closed as far as the operation will pcnmit.

5.6. It is recommended that neat standards be purchased only as a last resort. The preparation of

standards from neat materials and reagents I as well as glassware cleaning procedures that

involved solvents such as muethylene chloride}I should be conducted in a fume hood with the

sash closed as far as the operations will permit.

5.7. Standards in solution may be diluted in the open laboratory when syringes and the like are

utilized.

5.8. All work must be stopped in the event of a known or potential compromise to the health and

safety of an STL North Canton associate. The situation must be reported immediately to a

laboratory supervisor.

6. EQUIPMENT AND SUPPLIES

6.1. pH meter with electrode(s) and temperature compensation

6.2. Beakers: various

6.3. Top loading balance: Capable of accurately weighing ±0.01I g

6.4. Stir plate and stir bars

6.5. Shaker or mechanical tum bler

6.6. Autotitrator

6.7. Centrifuiges tubes

7. REAGENTS AND STANDARDS

7.1. Standards
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7. 1 .1. Target Calibration Standards

7. 1. 1.1. pH- 4, 7, and pH 10 buffers, purchased

7.1.1 .2.Fresh buffers arc poured and used each working day.

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.!. Samples are not chemically preserved.

8.2. Samples are stored in plastic or glass containers at 40 C ± 20C.

8.3. Samples should be analyzed as soon as possible after sampling, but not to exceed twenty-
four hours,.

9. QUALITY CONTROL

9.1. Batch Definition

9.1.1. A batch is at group of no greater than 20 samples excluding QC samples (LCS and
Sample Duplicate) which are processed similarly, with respect to the procedure. All
sam1ple Setups mu1Lst be initiated within a 24 hour period from tile initial preparation or
extraction and without intcrrtption of the process. All samples within the batch must be
treated with the same lots of reagents and the same processes.

9.2. Sample Duplicate

9.2.1. A sample duplicate (DUI) is a second aliquot of an environmental sample, taken from the
same sample container when possible, that is processed with the first aliquot of that
sample. That is, sample duplicates are processed as independent samples within the
same QC batch. The sample and DUI results are compared to determine the effect of
the sample matrix on the precision of the analytical process. As with the MS/MSD
results, the sarmple/DU precision results arc not necessarily representative of the
precision for other samples iii the batch.

9.2.2. Sample dtiplicates arc performed at a frequency of I10% and must meet laboratory-
specific limits; for precision.
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9.3. Laboratory Control Sample (LCS)

9.3.1. One aqueous LCS must be processed with each analytical batch. The LCS must be

carried through the entire analytical procedure. The LCS is used to monitor the

accuracy of the analytical process. On-going monitoring of the LCS results provides

evidence that the laboratory is performiing the method within acceptable accuracy and

precision guidelines.

9.3.2. A commercially available (Environmental Resource Associates or equivalent) control

standard will be analyzed. Recovery must be within +/- 2% of true value.

9.3.3. Corrective Action for LCS

9.3.3.1I If the pH- is outside the established control limits the system is out of control and

corrective action must occur.

9.3.3.2.Corrective action consists of identification and correction of the cause for the

out of control situation and reanalysis of all effected samples.

10. CALIBRATION AND STANDARDIZATION

10.1. Initial Calibration

1 0. 1 .1. Refer to the manufacturer's manual for instrumental calibration.

10. 1.2. The following procedure is applicable for use with the Orion 250 pH meter.

10.1I.2.1.Rinse the electrodes with reagent water and place in the pH4.0Obuffer. Press

"Cal". Allow the value to stabilize and then, using the arrow keys, adjust the

value up or down to read 4.00. Press Enter.

10. 1.2.2.Rinse the electrodes and place in the pH 7.0 buffer. Allow the value to

stabilize and then, using the arrow keys, adjust the value up or down to read

7.00. Press Enter.

10. l.2.3.Calibration Check: Rinse the electrodes and place in the pH I 10.0 buffer.

Allow value to stabilize. The p1- should be between 9.95 and 10.05 or

recalibration is necessary.
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NOTE. When analyzing drinking water samples, calibrate as described in section
10. 1.2, using the pH 7.0 and pH 1 0.0 buffers for calibration and the pH 4.0 buffer for
the calibration check.

10. 1.3The p1- meter should be calibrated daily. The calibration is recorded on the analytical
logsheet.

10. 1.41f' the pH nmeter has been turned oft, it must be calibrated prior to use.

10.2. Continuing Calibration

10.2. 1. A p1- 7 buffer is analyzed before analysis and every ten samples to ensure the
calibration remains linear.

10.2.2. The p1. meter must be recalibrated if the buffer deviates by more thart 2% If this
range is exceeded, reanalyze all samples analyzed since the last p1- buffer that met
criteria.

II. PROCEDURE

I I. . One time procedural variations are allowed only if deemied necessary in thre protbssional
judgment of supervision to accommodate variation in sample matrix, radioactivity, chemistry,
sample size, or other parameters. Any variation in procedure shall be completely documented
using a Nonconfiormance Memo and is approved by a Technical Specialist and QA Manager.
1I' contractually required, the client shall be notified. The Nonconfommince Memo shall be filed
i11 the project file.

I 1.2. Any unauthorized deviations from this procedure Must also be documented as a
noncon~onnance, with a cause and corrective action described.

11.3. Sample Preparation

1 1.3. 1. Waters

1 1.3.1 .1 No preparation necessary for waters and wastewaters.

1 1.3.2. Solids and Soils

1 1.3.2.1 IPlace 20 g (± 0.5 g) of sample in a beaker or other Suitable container.
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II. .3.2.2.Add 20 mL of reagent water and mix for five minutes.

I11.3.2.3.Allow sample to stand for one hour to allow the solids to settle out.

11.4. Sample Analysis

1 1.4. 1. Manual Procedure

I1l.4.l.l.Waters

1 1.4. 1. 1.1I Place the sample in a clean beaker using a sufficient volume to cover

thc sensing elements of the electrode(s). Allow the pH to stabilize

(swirling or stinring may quicken stabilization). Record the pH on the

analytical logsheet. Remove the electrodes from the sample. Rinse and

gently dab off the electrodes between each measurement. Store the

electrodes in pl- 7 buffer when not in use.

11.4.1.2.Solids

1 1.4.1.2.1I Immerse the pH electrodes in the supernatant layer of the sample -

be careful not to stir uIP solids. Allow pH to stabilize and record it on

the analytical logsheet- Remove and rinse the electrodes between each

measurement. Store electrodes in the pH 7.0 buffer.

NOTE: If the sample contains oil or other Substances that will coat or damage

the electrodes, the pH should be analyzed following SOP# NC-WC-0009,

pH - Paper Method.
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I 1.4.2. Automated Procedure

I 1.4.2. I .Load the appropriate schedule on the autotitrator, starting with the pH
calibration.

I 1.4.2.2. Pour a homogenized sample into the centrifuge tubes and place the tubes in the
appropriate position on the autosampler. Remember to include a pH '7 buffer
check afler every ten positions.

II 1.4.2.3.Start the autotitrator.

11.5. Analytical Documentation

11.5.!. Record all analytical inforruation in the analytical logbook/logsheet, including the
analytical data from standards and any corrective actions or modifications to the
method.

11.5.2. All standards are logged into a department standard logbook. All standards are
,assigned anl unique number for identification. Logbooks are reviewed by the Supervisor
or designee.

1 1.5.3. DoUncumetation such as all associated instrument printouts (final runs, screens, reruns,
QC samples, etc.) and daily calibration data corresponding to all final runs is available
for each data file.

1 1.5.4. Sample results and associated QC are entered into the LIMs after final technical review.

12. DATA ANALYSIS AND CALCULATIONS

12.1. Not Applicable

13. METHOD PERFORMANCE

1 3.1. Each laboratory mtust have initial demonstration of perfornnance data onl file and corresponding
method detection limit files.

I 3.2. Training Qu~alificationIs:
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13.2. 1. The group/team leader has the responsibility to ensure that this procedure is performed

by an associate who has been properly trained in its use and has the required

expenience.

13.2.2. Method validation information (where applicable) in the form of laboratory

demonstrations of capabilities is maintained for this method in the laboratory QA files.

14. POLLUTION PREVENTION

14. 1. This method does not contain any specific modifications that serve to minimize or prevent

pollution.

15. WASTE MANAGEMENT

15.1. Solvent waste must be disposed of in clearly labeled waste cans.

15.2. Acid waste must be collected in clearly labeled acid waste containers.

15.3. Solid materials (gloves, soiled paper products, etc.) arc placed in the solid dcbris container. Do

not put liquids in the solid waste container.

15.4. Refer to the Laboratory Sample and Waste Disposal plan.

15.5. Laboratory personnel assigned to perform hazardous waste disposal procedures must have a

working knowledge of the established procedures and practices of STL North Canton. They

must have training on the hazardous waste disposal practices upon initial assignment to these

tasks, followed by an annual refresher training.

16. REFERENCES

16.1. References

16. 1. 1. SW846, Test Methods for Evaluating Solid Waste, 3rd Edition, pH Electrornetric

Measurement, Method 9040B

16.1.2. EPA 600, Methods for Chemical Analysis of Water and Wastes, pH (Electrometric),

Method 150.1

16.1.3. SW846, Test Methods for Evaluating Solid Waste, 3rd Edition, Soil pH, method

9045 C.
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16.1 .4. STL North Canton Laboratory Quality Manual (LQM), current version

16.1.5. Corporate Quality Management Plan (QMP), current version.

16.2. Associated SOPs and Policies, latest version

16.2. 1. QA Policy, QA-003

16.2.2. Glassware Washing, NC-QA-0014

16.2.3. Statistical Evaluation of Data and Development of Control Charts, NC-QA-00 18

16.2.4. Method Detection Limits and Instrument Detection Limits, NC-QA-0021

16.2.5. Navy/Army SOP, NC-QA-00 16

17. MISCELLANEOUS (TABLES, APPENDICES, ETC...)

l7.I1. Reporting limits

17. 1. 1. A minimum reporting limit is not listed in LIMS. Units arc reported as No Units.
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1. SCOPE AND APPLICATION

1. 1. This method is applicable to the determination of pH- in waters, wastewaters, and solids. It is

based on SW846 Methods 9040B and 9045C and EPA Method 150.1. The approximate

working range is I - 14 pH- units. Samples with a pH of < I are reported as < I.

1.2. The associated method codes are PU (9040B), OZ (9045C), and AJ (1 50. 1). The

preparation codes are 88 and IC.

1.3. This document accurately reflects current laboratory standard operating procedures (SOP) as

of the date above. All facility SOPs are maintained and updated as necessary.

2. SUMMARY OF METHOD

2.1. The pH is determined electrometfically by using an electrode. The pH meter is calibrated with

a series of known pH buffers.

3. DEFINITIONS

3.1. Refer to the glossary in the Laboratory Quality Manual (LQM), latest version.

4. INTERFERENCES

4.1. Samples with very low or very high p1- may give incorrect readings on the meter. For samples

with a true pH of >l0, the measured pH may be incorrectly low. This error can be minimized

by using a low-sodium-error electrode.

5. SAFETY

5.1. Employees must abide by the policies and procedures in the Corporate Safety Manual and this

document.

5.2. There are no materials used in this method that have a serious or significant hazard rating.

NOTE: This list does not include all materials used in the method. A complete list of

materials used in the method can be found in the reagents and materials section. Employees
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must review the information in the MSDS for each material before using it for the first time or
when there are major changes to the MSDS.

5.3. Eye protection that protects against splash, laboratory coat, and appropriate gloves must be
worn while samples, standards, solvents, and reagents are being handled. Disposable gloves
that have been contaminated will be removed and discarded; other gloves will be cleaned
immediately.

5.4. Exposure to chemicals must be maintained as low as reasonably achievable, therefore,
unless they are known to be non-hazardous, all samples Must be opened, transferred and
prepared iii a fume hood, or under other means of mechanical ventilation. Solvent and waste
containers will be kept closed unless transfers are being made.

5.5. The preparation of standards and reagents will be conducted in a fume hood with the sash
closed as fir as the operation will permit.

5.6. It is recommended that neat standards be purchased only as a last resort. The preparation of
standards from neat materials and reagents jas well as glassware cleaning procedureI-s that
involved solvents such as mnethylene chloride} should be conducted in a lunie hood with the
slash closed as fir as the operations will pennit.

5.7. Standlards in solution may be diluted in the open laboratory when syringes and the like are
utilized.

5.8. All work must be stopped in the event of a known or potential compromise to the health and
safety of an STL North Canton associate. The Situation must be reported immediately to thre
FIEH&S Coordinator and the Laboratory Supeivisor.

6. EQUIPMENT AND SUPPLIES

6.1I. pl-I meter with electrode(s) and temperature compensation

6.2. Beakers: various

6.3. Top loading balance: Capable of accurately weighing ±0.01I g

6.4. Stir plate and stir bars

6.5. Shaker or mnechnicalis tumbler
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6.6. Autotitrator

6.7. Centrifthges tubes

7. REAGENTS AND STANDARDS

7.1. Standards

7. 1.1. Target Calibration Standards

7. 1. 1.1. pH 4, 7, and pH 1 0 buffers, purchased

7.1.1 .2.Fresh buffers arc poured and used each working day.

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1. Samples are not chemically preserved.

8.2. Samples are stored in plastic or glass containers at 40C ± 20C.

8.3. Samples should be analyzed as soon as possible after sampling, but not to exceed twenty-

four hours.

9. QUALITY CONTROL

9.1. Batch Definition

9.1. 1. A batch is a group of no greater than 20 samples excluding QC samples (LCS and

Sample Duplicate) which are processed similarly, with respect to the procedure. All

sample setups must be initiated within a 24 hour period from the initial preparation or

extraction and without interruption of the process. All samples within the batch must be

treated with the same lots of reagents and the same processes.

9.2. Sample Duplicate

9.2.1. A sample duplicate (DU) is asecond aliquot of anenvironmental sample, taken from the

same sample container when possible, that is processed with the first aliquot of that

sample. That is, sample duplicates are processed as independent samples within the
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same QC batch. The sample and DU results are compared to determine the effect of
the sample matrix on the precision of the analytical process. As with the MS/MSD
results, the sample/DU precision results are not necessarily representative of the
precision for other samples in the batch.

9.2.2. Sample duplicates are performed at a frequency of 10% and must meet laboratory-
specific limits for precision.

9.3. Laboratory Control Sample (LCS)

9.3.1. One aqueous LCS must be processed with each analytical batch. The LCS must be
carried through the entire analytical procedure. The LCS is used to monitor the
accuracy of the analytical process. On-going monitoring of the LCS results provides
evidence that the laboratory is performing the method within acceptable accuracy and
precision guidelines.

9.3.2. A cornnercially available (Environmental Resource Associates or equivalent) control
standard will be analyzed. Recovery must be within +/- 20/ of true value.

9.3.3. Conrective Action for LCS

9.3.3.1 If the p1- is outside the established control limits the system is out of control and
corrective action mtust Occur.

9.3.3.2.Cor-rective action consists of identification and correction of' the cause for the
out of control situation and reanalysis of all effected samples.

10. CALIBRATION AND STANDARDIZATION

10.1. Initial Calibration

I10. I . I. Refibr to the manuL~flbtUrer's manual for instrumental calibration.

I10. 1.2. The Iollowing procedure is applicable for use with the Orion 250 pH meter.

I10. 1.2.1 R 1inse the electrodes with reagent water and place in the pH 4.0 buff1er. Press
"Cal". Allow the value to stabilize and then, using the arrow keys, adjust the
value uip or down to read 4.00. Press Enter.
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10.1.2.2.Rinse the electrodes and place in the pH7.0Obuffer. Allow the value to

stabilize and then, using the arrow keys, adjust the value up or down to read

7.00. Press Enter.

10. 1.2.3.Calibration Check: Rinse the electrodes and place in the pH 1 0.0 buffer.

Allow value to stabilize. The pH should be between 9.95 and 10.05 or

recalibration is necessary.

NOTE: When analyzing drinking watcr samples, calibrate as described in section

10.1.2, using the pH 7.0 and pH 1 0.0 buffers for calibration and the pH 4.0 buffer for

the calibration check.

10. 1.3The pH meter should be calibrated daily. The calibration is recorded on the analytical

logsheet.

10. 1.41f the pH meter has been turned off, it must be calibrated prior to use.

10.2. Continuing Calibration

10.2. 1. A pH 7 buffer is analyzed before analysis and every ten samples to ensure the

calibration remains linear.

10.2.2. The pH meter must be recalibrated if the butler deviates by more thar±: 2% If this

range is exceeded, reanalyze all samples analyzed since the last pH buffer that met

cniteria.

11. PROCEDURE

11.1. One time procedural variations are allowed only if deemed necessary in the professional

judgment of supervision to accommodate variation in sample matrix, radioactivity, chemistry,

sample size, or other parameters. Any variation in procedure shall be completely documented

using a Nonconfon-nance Memo and is approved by a Technical Specialist and QA Manager.

If contractually required, the client shall be notified. The Nonconformance Memo shall be filed

in the project file.

11.2. Any unauthorized deviations from this procedure must also be documented as a

nonconformance, with a cause and corrective action described.

11.3. Sample Preparation
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II. 3. 1. Waters

1 1.3. 1.1 INo preparation necessary for waters and wastewaters.

11.3.2. Solidlsand Soils

1 1.3.2. 1 Place 20 g (± 0.5 g) of sample in a beaker or other suitable container.

II 1.3.2.2.Add 20 nl- of reagent water and mix for five minutes.

II 1.3.2.3.Allow sample to stand for one hour to allow the solids to settle out.

11.4. Sample Analysis

1 1.4. 1. Manlual Procedure

I l. 4.1.1. Waters

11.4. 1. 1.1I Place the sample in a clean beaker using a SUflicicn1t volume11 to cover
the sensing elements of the electrode(s). Allow the pH to stabilize
(swirling or stirring may quicken stabilization). Record the pH- onl the
analytical logslieet. Remove the electrodes from thle sample. Rinse and
gently dab off the electrodes between each measurement. Stoic thle
electrodes in P1-1 7 buffer when not in use.

I 1.4.1.2.Solids

I 1.4.1I.2. I .Immerse the pH- electrodes in thle supernatant layer of the sample -
be careful not to stir tip solids. Allow pH to stabilize and record it on
the analytical logslieet. Remove and rinse the electrodes between each
measurement. Store electrodes in the p1H 7.0 buffer.

NOTE: lf'the samiple conitainisoil or otler substanices that will coat or damiage
the electrodes, the p1- should be analyzed following SOP# NC-WC-0009,
p1- - Paper Method.
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11.4.2. Automated Procedure

I 1.4.2. 1 .Load the appropriate schedule on the autotitrator, starting with the pH

calibration.

I11.4.2.2.Pour a homogenized sample into the centrifuge tubes and place the tubes in the

appropriate position on the autosampler. Remember to include a pH 7 buffer

check after every ten positions.

I 1.4.2.3.Start the autotitrator.

11 .5. Analytical Documentation

11.5.1. Record all analytical information in the analytical logbook/logsheet, including the

analytical data from standards and any corrective actions or modifications to the

method.

11.5.2. All standards are logged into a department standard logbook. All standards are

assigned an unique nunber for identification. Logbooks are reviewed by the supervisor

or designee.

11 .5.3 - Documentation such as all associated instrument printouts (final nuns, screens, reruns,

QC samples, etc.) and daily calibration data corresponding to all final inns is available

for each data file.

1. 5.4. Sample results and associated QC are entered into the LviMs after final technical review.

12. DATA ANALYSIS AND CALCULATIONS

12. 1. Not Applicable

13. METHOD PERFORMANCE

13.1. Each laboratory must have initial demonstration of performance data on file and corresponding

method detection limit files.

13.2. Training Qualifications:



8171j91j

PH ELECTROMETRIC METHOD SOP No. NC-WC-0010
Revision No. 6
Revision Date: 10/27/04
PageI l-f 11

13.2. 1. The group/team leader has the responsibility to ensure that this procedure is per-formed
by an associate who has been properly trained in its use and has the required
expenience.

13.2.2. Method validation information (where applicable) in the form of laboratory
demonstrations of capabilities is maintained for this method in the laboratory QA files.

14. POLLUTION PREVENTION

14. 1. This method does not contain any specific modifications that serve to minimize or prevent
pollution.

15. WASTE MANAGEMENT

15.1. All waste will be disposed of in accordance with Federal, State and Local regulations. Where
reasonlably feasible, technological changes have been implemented to minimize the potential for
pollution of' the environment. Employees will abide by this method and the policies in section 13
of the Corporate Safety Manlual for "Waste Management and Pollution Prevention."~

15.2. Waste Streamis Produced by the Method

15.2. 1. The fiollowing waste streams are produced when this method is carried Out.

1 5.2. 1.1 IAcidic and alkaline sample waste and exhausted buffer Solutions poured down
the drain iffthe pl-I is between 4 and 10. Any sample waste generated that is
not in this pl-I range is collected in a designated container identified as "Acid
Waste".

15.2.1 .2.lExhaulstcd soil or oil samples analyzed by the method. Thec liquid layer is
decanted and disposed of in a designated container identified as "Acid Waste".
The remaining solid layer is disposed of by placing it in a container identified as
"Solid Waste".

15.3. Labot-atory personnel assigned to performn hazardous waste disposal procedures must have a
working knowledge of the established procedures and practices of STL North Canton. They
muist have training on the hazardous waste disposal practices upon initial assignment to these
tasks, Ibllowed by an annual refresher training.

16. REFERENCES



877191i6

PH ELECTROMETRIC METHOD SOP No. NC-WC-0010O
Revision No. 6
Revision Date: 10/27/04

Page II of I1

16.1. References

16. 1. 1. SW846, Test Methods for Evaluating Solid Waste, 3rd Edition, pH Eleetrometric

Measurement, Method 9040B

16.1.2. EPA 600, Methods for Chemical Analysis of Water and Wastes, pH (Eleetrometrie),

Method 150.1

16.1.3. SW846, Test Methods for Evaluating Solid Waste, 3rd Edition, Soil pH, method

9045C.

16.1.4. STL North Canton Laboratory Quality Manual (LQM), current version

16.1 .5. Corporate Quality Management Plan (QMP), current version.

16.1.6. STL Corporate Safety Manual, M-E-0001 and STL North Canton Facility Addendum

and Contingency Plan, current version.

16.2. Associated SOPs and Policies, latest version

16.2. 1. QA Policy, QA-003

16.2.2. Glassware Washing, NC-QA-0014

16.2.3. Statistical Evaluation of Data and Development of Control Charts, NC-QA-00 18

16.2.4. Method Detection Limits and Instrument Detection Limits, NC-QA-0021

16.2.5. Navy/Army SOP, NC-QA-0016

17. MISCELLANEOUS (TABLES, APPENDICES, ETC...)

17. 1. Reporting limits

17. 1. 1. A minimum reporting limit is not listed in LIMS. Units are reported as No Units.
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I SCOPE AND APPLICATION

1. 1. This method is applicable to the determination of Reactive Sulfide in all wastes, with the
condition that wastes combined with acids do not form explosive mixtures. It is based on
SW846 Section 7.3.4.2. The lower detection limit is 500 mg/kg. The EPA guidance level
is 500 mg [I2S/Kg waste (Total releasable sulfide).

1.2. This document accurately reflects current laboratory standard operating procedures
(SOP) as of the date above. All facility SOPs are maintained and updated as necessary.

1.3. The QUantlNv~s associated method code is G.J. The preparation code for samples is 08.

2. SUMMARY OF METHOD

2.1. An aliquot of sample is acidified in a closed system. The gas is generated and trapped in
a sodium hydroxide solution and then analyzed using the titration method for Sulfide.

2.2. This procedure releases only the hydrogen sulfide evolved under the test conditions. It is
not intended to measure forms Of Sulfide other than those that are evolvable under thle tcst
conditions.

3. I)EFINITIONS

3.1. Refer to the glossary in the STL Laboratory Quality Manlual (LQM), Current version.

4. INTERFERENCES

4.1. Method interferences may be caused by contaminants in solvents, reagents, glassware,
and other processing apparatus that lead to discrete artifacts. All of these materials must
be routinely demonstrated to be free from interferences under conditions of the analysis
by running laboratory method blanks as described in the Quality Control section.
Specific selection of reagents may be required to avoid introduction of contaminants.

4.2. Oxidizers and reducers interfere with Sulfide analysis.

5. SAFETY

5.1. Employees must abide by the policies and procedures in the Corporate Safety Manual,
Radiation Safety Manual and this document.

5.2. Sodium Sulfide will formn Hydrogen Sulfide (US) gas if combined with strong acids.
inhalation of I-S gas may be fatal.
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5.3. The following is a list of the materials used in this method, which have a serious or

significant hazard rating. NOTE: This list does not include all materials used in the

method. The table contains a summary of the primary hazards listed in the MSDS for

each of the materials listed in the table. A complete list of materials used in the method

can be found in the reagents and materials section. Employees must review the

information in the MSDS for each material before using it for the first time or when there

are major changes to the MSDS.

Material (1) Hazards Exposu Signs and symptoms of exposure
re Limit

________________ ~~(2 ) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Hydrochloric Corrosive 5 ppm- Inhalation of vapors can cause coughing,

Acid Ceiling choking, inflammation of the nose, throat,

Poison and upper respiratory tract, and in severe

cases, pulmonary edema, circulatory

failure, and death. Can cause redness,
pain, and severe skin burns. Vapors are

irritating and may cause damage to the
eyes. Contact may cause severe bums and
permanent eye damage.

Sulfuric Acid Corrosive I mg/rn3 This material will cause burns if comes
into contact with the skin or eyes.

Oxidizer Inhalation of vapors will cause irritation

Dchydra- ~~of the nasal and respiratory system.

dator _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Sodium Corrosive 2 Severe irritant. Effects from inhalation of

Hydroxide Mg/M3- dust or mist vary from mild irritation to

Ceiling serious damage of the upper respiratory
tract, depending on severity of exposure.

Symptoms may include sneezing, sore
throat or runny nose. Contact with skin

can cause irritation or severe bums and
scarring xvith greater exposures. Causes

irritation of eyes, and with greater
exposures it can cause burns that may

result in permanent impairment of vision,

even blindness.
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Sodium Corrosive 1 0 ppm- Will form Hydrogen Sulfide (HS) gas if
Sulfide TWA combined with strong acids. Inhalation of

HS gas may be fatal. Symptoms include
15 ppm- painful conjunctivitis, headache, nausea,
STEL dizziness, coughing and, in extreme cases,

pulmonary edema and possible death.
Irritant. Contact with skin can produce
serious caustic burns with painful
inflammation and possible destruction of
tissue. Inflammation, tearing and pain
may be expected. Severe contact can

___________ _______ case dstrution of tissue.

I- Always add acid to water to prevent violent reactions.

2 - Exposure limit refers to the OS1-A regulatory exposure limit.
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5.4. Eye protection that protects against splash, laboratory coat, and appropriate gloves must

be worn while samples, standards, solvents, and reagents are being handled. Cut resistant

gloves must be worn doing any other task that presents a strong possibility of getting cut.

Disposable gloves that have been contaminated will be removed and discarded; other

gloves will be cleaned immediately.

5.5. Exposure to chemicals must be maintained as low as reasonably achievable, therefore,

unless they are known to bc non-hazardous, all samples must be opened, transferred and

prepared in a flume hood, or under other means of mechanical ventilation. All samples

with pink stickers that read 'CautionlUse Hood!' must be opened in the hood. Contact

the EH&S Coordinator if this is not possible. Solvent and waste containers will be kept

closed unless transfers are being made.

5.6. The preparation of standards and reagents will be conducted in a flume hood with the

sash closed as far as the operation will penriit.

5.7. All work must be stopped in the event of a known or potential compromise to the health

and safety of a STL associate. The Situation must be reported immediately to the EH&S

Coordinator and the Laboratory Supervisor.

6. EQUIPMENT AND SUPPLIES

6.1. Reactivity round bottom flask: 3-neck, 500 mL min. capacity

6.2. Addition funnel: 250 mL_ pressure-eqUalizing

6.3. Stir plate and stir bars

6.4. Compressed nitrogen and Two-way regulator with flexible tubing

6.5. Scrubber and absorber tube: 50 mL capacity

6.6. Burettes: 10 mL and 25 mL Class A

6.7. Erlenmeyer Flasks: various

6.8. Pipettes: various

6.9. Graduated cylinders: various
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6.10. Analytical balanice, capable of accurately weighing ±0.001lg

6.11. 250 nml- volumnetric flasks

7. REAGENTS AND STANDARDS

7.1.1. Sulfuric Acid, 0.05 M' H2S0 4 :: Add 2.8 mL concentrated sulfuric acid to a I liter
vol.1umetric flask containing 900 ml- reagent water and bring to volume with
reagent water.

7.1.2. Sulfuric Acid, 0.005 M H2S04 (0.O IN): Add 100 ml- 0.05 M 1712S0 4 to a I liter
voIlumetric flask and bring to volume with reagent water.

7.1.3. Sodium Hydroxide, 1.25 N NaGH: Add 50 g sodium hydroxide to a I liter
voIlumetric flask and bring to volume with reagent water.

7.1.4. Sodium Hydroxide, 0.25 N NaG!]1: Add 200 nml- 1.25 N NaGH- to a I liter
voIlumetric flask and bring to volume with reagent water.

7.1.5. lodinIc SoIlution, 0.028 N: Manufatl~ured., or 0.025 N preparcd. Add 20 g KI
(potassiumi iodide) and 3.2 g iodine to a I liter voIlumetric flask. Add 500 - 700
nl- of recagent water and dissolve. Dilute to volume with reagent water. Store inl
a dark container. A commercially prepared Solution may also be used.

7.1.5.1. Standardization Iodine Solution: Prepare three (3) method blanks
using 250 mLt of'reagent water. Follow the analysis procedure and
calculate an average normality.

Normality Iodine = (NormIality Na,2S 2OflAmL oftitranlt Na, 2 S 2O 3 )
20 mL Iodine

7.1.6. Sodium Thiosulf-ate, 0.025 N: Manufactured, or add 0.4 g of NaOHI and 6.205 g
of sodium thiosulffate (Na_2S2O3o 51-120) to 500 rnL of reagent watcr in a I liter
volumetric flask. Dilute to voluMeC with reagent water. Store in a dark container.
A commercially prepared Solution may also be used.

7.1.6.1. Standardization of 0.025 N Sodium Thiosulf'ate Solution: To make
0.025N Bitodate Solution, dissolve 0.4062 g KH-(10 3 )2 in 500 nL- reagent
water. Weigh 2 g KI in a 500 nL- Erlcnmcyer flask. Add 100 to IO nil-
reagent water, 5 drops 1-12S04, and 20 inL biodate Solution using a
volumetric pipet. Dilute to 200 mnL with reagent water. Titrate with
Sodium ThiosuLfate. When a pale straw yellow color is reached, add 1-2
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ml- starch. Continue titrating from a blue to a clear end point. Repeat two

(2) more times. Calculate an average normality.

Na2 5203 Normality (a)(b)
C

where:

a = mLs Biodate (2OmL)

b -Normality Biodate (O. 025N)

c mLs of Na2S203j used to titrate

7.1.7. Starch Indicator: Add 10 mL reagent water to 5 g potato starch and mix. Add

mixture to 500 ml- boiling reagent water, mix, and cool. Alternatively, a

commercially prepared solution may be used.

7.1.8. Hydrochloric Acid, 6 N: Add 250 ml- concentrated hydrochloric acid to 250 mL

reagent water.

7.1.9. Zinc Acetate Solution: Add 220 g Zinc Acetate to a 1000 mLd volumetric flask

and dilute to volume with reagent water. Alternatively, a commercially prepared

solution may be used.

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1. Samples are unpreserved.

8.2. Samples are stored in glass containers at 40C ± 20C.

8.3. There is no defined holding time.

9. QUALITY CONTROL

9.1. Batch Definition

9.1.1. A batch is agroup of nogreater than 20samples excluding QC samples (Method

Blank, Sample Duplicate) which are processed similarly, with respect to the

procedure. All sample setups must be initiated within a 24 hour period from the

initial preparation or extraction and without interruption of the process. All
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samples within the batch must be treated with the same lots of reagents and the
same processes.

9.2. Method Blank

9.2.1. One method blank (MB) must be processed with each preparation batch. The
method blank consists of reagent water containing all reagents specific to the
method that is carried through the entire analytical procedure, including
preparation and analysis. The method blank is used to identify any system and
process interferences or contamination of the analytical system that may lead to
the reporting of elevated analyte concentrations or false positive data. The
method blank should not contain any analyte of interest at or above the reporting
limit.

9.2.2. A blank consisting of 10 g of Kaolin must be reacted and analyzed with each
analytical batch of samples.

9.2.3. Corrective Action for Blanks

9.2.3.1I. If the analyte level in the method blank exceeds the reporting limit
for the anialytes of interest in the sample, all associated samples are
reprepared and reanalyzed. Iffthis is not possible due to limited sample
quant1ity or other considerations, the Corresponding sample data must be
addressed in the project narrative.

9.2.3.2. If there is no analyte greater than the RL in the samples aissociated
with anl unacceptable method blank, the data may be reported with
qualiliers. Such action miust be taken in consultation with the client
and must be addressed in the project narrative.

9.3. Laboratory Control Sample (LCS)

9.3.1. One LCS from an independent Source Must be processed with each preparation
batch. The L-CS must be carried through the entire analytical procedure. Thle
LCS is used to monitor the accuracy of the analytical process. On-going
monitoring of the LCS results provides evidence that the laboratory is performing
the method within acceptable accuracy and precision guidelines.

9.3.1.1. The LCS solution is prepared by adding 3.5 g Na2S to a 2S0ml-
volumentric flask and bringing to volume with 0.01 IN NaOl-I. I1.25mlL of
this solution is added to the LCS sample.
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9.3.2. Corrective Action for LCS

9.3.2.1. If any analyte is outside established control limits the system is out
of control and corrective action must occur.

9.3.2.2. The only exception is that if the LCS recoveries are biased high
and the associated sample is ND for the parameter(s) of interest, the batch

is acceptable. This must be addressed in the project narrative.

9.3.2.3. Corrective action will be repreparation and reanalysis of the batch

unless the client agrees that other corrective action is acceptable.

9.4. Matrix Spike/Matrix Spike Duplicate (MS/MSD)

9.4.1. One MS/MSD pair must be processed for each batch. A matrix spike (MS) is a

field sample to which known concentrations of target analytes have been added.

A matrix spike duplicate (MSD) is a second aliquot of the same sample (spiked

identically as the MS) prepared and analyzed along with the sample and matrix

spike. Some client specific data quality objectives (DQO's) may require the use

of sample duplicates in place of or in addition to MS/MSD's. The MS/MSD
results are used to determine the effect of a matrix on the precision and accuracy

of the analytical process. Due to the potential variability of the matrix of each

sample, these results may have immediate bearing only on the specific sample

spiked. Samples identified as field blanks cannot be used for MS/MSD analysis.

9.4.1.1. The MS/MSD solution is prepared by adding 3.5 g NaŽS to a
250ml- volumetric flask and bringing to volume with 0.0 IN NaOH.
I1.25ml- of this solution is added to the MS/MSD samples.

9.4.2. Corrective action for MS/MSDs

9.4.2.1. If the analyte recovery or RPD falls outside the acceptance range,

the recovery of that analyte must be in control for the LCS. If the LCS
recovery is within limits, then the laboratory operation is in control and
the results may be accepted. If the recovery of the LCS is outside limits,

corrective action must be taken. Corrective action will include

repreparation and reanalysis of the batch.

9.4.2.2. If the native analyte concentration in the MS/MSD exceeds 4x the

spike level for that analyte, the recovery data is reported as "amount"
MSB. The Exception Code is changed to NC. The following two

footnotes will appear on the report pagec 'NC The recovery and/or RPD
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were not calculated." "MSB The recovery and RPD were not calculated
because the sample amount was greater than four times the spike amount."

9.4.2.3. [f an MS/MSD is not possible due to limited sample volume then a
laboratory control sample duplicate (LCSD) should be analyzed. The
RPD of the LCS and LCSD must be compared to the laboratory limits.

9.4.2.4. If client program requirements specify to confirm matrix
interferenice's, repreparation and reanalysis of the MS/MSD may be
necessary.

9.5. QC Acceptance Criteria

9.5. 1. Control limits are established by the laboratory as described in NC-QA-001 8.

10 CALIBRATION AND STANDARDIZATION

10.1. Not Applicable

IL. PROCEDURE

11.1. One time procedurall variations are allowed only iftdeemned necessary in the professional
.iUdlgnient ofsuipervision to accommodate variation in sample matrix, radioactivity,
chemistry, sample size, or other parameters. Any variation in procedure shall be
completely documented using a Nonconformance Memo and is approved by a Technical
Specialist and QA Manager. If contractually required, the client shall be notified. The
Nonconformance Memo shiall be filed in the project tile.

11.2. Anly unauthorized deviations from this procedure must also be documents as a
nonconformance, with a cause and corrective action described.

11.3. Sample Preparation

1 1.3. 1. Summary

11.3.1.1. The sample is acidified in a closed system and liberated Sulfide
gas is trapped in 0.25 N NaGH.

I 1.3.2. Sample Preparation Procedure

11 .3.2.1. Add 50 nil- 0.25 N NaOH- to thie absorber tube and connect the
scrubber.
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11.3.2.2. Add 10 g ±0.05 g of sample to the reactivity flask.

11.3.2.3. Add 250 mL of 0.005 M 1±S04 to the addition funnel.

11.3.2.4. Add spike solutions to LCS, MS, and MSD samples.

11.3.2.5. Close the entire system and begin the flow of nitrogen. The flow
should be 3-5 bubbles per second.

11.3.2.6. Begin sample stirring and start the addition of acid to the flask.

NOTE: The stirring should not be fast enough to create a vortex and should be at
a constant speed.

11.3.2.7. Begin timing for thirty minutes. Document mixing time.
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11.3.2.8. After the thirty minute reacting period, disconnect the system and shut off
the nitrogen.

11.3.2.9. Pour the scrubber contents into a 250 mL volumetric flask. Rinse the
scrubber with 0.25N NaGLH and pour the rinsate into the 250 mL volumetric flask. Bring
to volume with 0.25N NaOH.

11.4. Sample Analysis

11.4.!. Pour 100 mL of scrubber into a 500 mL Erlenmeyer flask and add 150 mL of
reagent water. Add 1-2 mL of zinc acetate solution, 20.0 mL of'0.025 N iodine
(for the addition of the iodide solution, make sure the tip of the pipette is below
the surface of the sample), 2-3 mL of 1:1 I CI, and 2 -3 mL of starch indicator to
solution and mix. Titrate with 0.025 N sodium thiosulfate until blue color
disappears. Record the volume of titrant used.

1 4.2. Preliminary Evaluation

1 1.4.2.1. Thle color of the scrubber Solution Should be a golden color after
the addition of the iodine and I-IC[; if it is not, additional Iodine solution is
needed to keep the color consistent. The additional amount of Iodine then
needs to be taken into account in the calculation.

II 5. Analytical DocU~umenttionl

11.5.1. Record all analytical information in the analytical logbook/logshcect, including thle
analytical data from standards, blanks, LCSs, N4S/MSDs, and anly corrective
actions or modifications to the method.

1 1.5.2. All standards are logged into a department standard logbook. All standards are
assigned anl unique number for identification. Logbooks are reviewed by thle
Supervisor or designee.

11.5.3. Documentation such as all associated instrument printouts (final runs, screens,
reruns, QC samples, etc.) and daily calibration data corresponding to all Final runs
is available for each data File.

1 1.5.4. Sample results and associated QC are entered into thle LIMS after finlal technical
review.
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12. DATA ANALYSIS AND CALCULATIONS

12.1. mg/L Sulfide in scrubber solution = J(A a)Q- (B *b)JJ6,0OO=
C

Where:

A = mL of iodine used

a = N oj'iodine

B mL titrant used

b =Noftitrant

C nimL of'scrubber solution titrated

12.2. Reactive Sulfide (mg/kg) = (N)(L)

Where:

X = Concentrated Sul~fide from 12.1

L = Total volume of'scrubber solution in liters (0.05 L)

W = Weight of original sample used in kg (0.01 kg)

13. METHOD PERFORMANCE

13.1. Each laboratory must have initial demonstration of performance data on file and
corresponding method detection limit files.

13.2. Training Qualifications:

13.2. 1. The group/team leader has the responsibility to ensure that this procedure is
performed by an associate who has been properly trained in its usc and has the
required experience.
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14. POLLUTION PREVENTION

14.1. This method does not contain any specific modifications that serve to minimize or
prevent pollution.

15. WASTE MANAGEMENT

15.1. All waste will be disposed of in accordance with Federal, State and Local regulations.
Where reasonably feasible, technological changes have been implemented to minimize
the potential for pollution of the environment. Employees will abide by this method and
the policies in section 13 of the Corporate Safety Manual for "Waste Management and
Pollution Prevention."

15.2. Waste Streams Produced by the Method

15.3. Thec Following waste streams are produced when this method is carried Out.

15.3.1. Acidic sample waste generated by sample digestion. This waste is collected in the

lahoratoty in a designated container identified as "Acid Waste".

15.3.2. Alkaline sample waste remaining iii scrubbers. This waste is collected in the
laboratory in a designated container identified as "Alkaline Waste".

15.3.3. Alkaline It1S waste generated by sulfide titration. This waste is collected in the
laboratory in a designated container identified as "Alkaline Waste".

15.4. Laboratory personnel assigned to perform hazardous waste disposal procedures must
have a working knowledge of the established procedures and practices of STL. They
must have training on the hazardous waste disposal practices upon initial assignment to
these tasks, followed by an annual refresher training.

16. REFERENCES

16. I. Ref'erences

1 6. 1.1. SW846, Test methods for Evaluating Solid Wastes, 3rd Edition, Reactivity,
Method 7.3.4.2 Imr Sulfide.

1 6.1.2. SW846, Test Methods for Evaluating Solid Wastes, 3rd Edition,

16.1.3. Reactivity, Method 90308 for Sulfide Distillation, Method 9034 for Sulfide
Titration.
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16.1.4. STL North Canton Laboratory Quality Manual (LQM), current version.

16.1.5. STL Corporate Safety Manual, M-E-O000l and STL North Canton Facility
Addendum and Contingency Plan, current version.

16.2. Associated SOPs

16.2.1I. Sulfide, NC-WC-0060

16.2.2. Reactive Cyanide, NC-WC-0033

16.2.3. Statistical Evaluation of Data and Development of Control Charts, NC-QA-00l1 S.

16.3. Withdrawal of Reactive Cyanide and Sulfide, USEPA Office of Solid Waste and
Emergency Response Abstract, April 21, 1998.

17. MISCELLANEOUS (TABLES, APPENDICES, ETC...)

17.1. Reporting limits

17. 1. 1. The lower reporting limit (RL) is 500 mg/kg Reactive Sulfide.

17.1.2. If samples require dilution or smaller volumes than specified in this method, the
RL will be elevated.

17.2. Method Deviation

17.2. 1. A rotometer for monitoring nitrogen gas flow rate is not utilized by the
laboratory.

1 7.2.2. A sulfide reference solution is not utilized by the laboratory.

17.2.3. Note that bottles may be received with headspace. In addition, multiple tests may
be analyzed from the same container resulting in headspace at the time of
analysis.
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1 SCOPE AND APPLICATION

1. 1. This method is applicable to the determination of Reactive Cyanide in all wastes, with the
condition that wastes combined with acids do not form explosive mixtures. It is based on
SW846 Section 7.3.3.2 The working linear range is 10 to 1000 mg/kg. The EPA guidance
level is 250 mg FICN/Kg waste (Total releasable cyanide).

1.2. This document accurately reflects current laboratory standard operating procedures (SOP) as
of the date above. All facility SOPs are maintained and updated as necessary. The
applicable LIMs method code is GI. The preparation code for samples is 08.

2. SUMMARY OF METHOD

2.1. An aliquot of sample is acidified in a closed system. The gas generated is trapped in a
sodium hydroxide Solution and then analyzed using the titration method for Cyanide.

2.2. This test measures only the hydrocyanic acid evolved uinder the test conditions. It is not
intended to measure forms of cyanide other than those that are evolvable uinder the test
cond itions.

3. DEFINITIONS

3.1. Ref'er to the glossary in the STL North Canton Laboratory Quality Manuial (LQM), Current
version.

4. INTERFERENCES

4.1. Method intcrferercrnces may be caused by contaminants in solvents, reagents, glassware, and
other processing apparatMus that lead to discrete artifiacts. All of these materials must be
routinely demonstrated to be free from interferences under conditions of the analysis by
running laboratory method blanks as described in the Quality Control section. Specific
selection of' reagents may be required to avoid introduction of contaminants.

4.2. Sul fide interfbres with analysis and can be precipitated Out using cadmium carbonate prior to
titration.

5. SAFETY

5.1. Employees must abide by the policies and procedures in the Corporate Safety manual and
this document.
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5.2. Potassium Cyanide will form Hydrogen Cyanide (HCN) gas when combined with

strong acids. Breathing HCN gas may result in death.

5.3. Sodium Sulfide will form Hydrogen Sulfide (HS) gas if combined with strong acids.
Inhalation of HS gas may be fatal.

5.4. The following is a list of the materials used in this method, which have a serious or
significant hazard rating. NOTE: This list does not include all materials used in the
method. The table contains a summary of the primary hazards listed in the MSDS for
each of the materials listed in the table. A complete list of materials used in the method
can be found in the reagents and materials section. Employees must review the information
in the MSDS for each material before using it for the first time or when there are major
changes to the MSDS.

Material Hazards Exposure Signs and symptoms of exposure
(1) ~~~~Lim it (2) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Acetone Flammable 1 000 ppm- Inhalation of vapors irritates the respiratory
TWVA tract. May cause coughing, dizziness, dullness,

and headache.

Potassium Poison 5 Mg/M3 This material will form Hydrogen Cyanide
Cyanide TWA as (IICN) gas when combined with strong acids.

Corrosive CN Breathing HCN gas may result in death.
Corrosive to the respiratory tract. May cause
headache, weakness, dizziness, labored
breathing nausea and vomiting, which can be
followed by weak and irregular heart beat,
unconsciousness, convulsions, coma and death.
Solutions are corrosive to the skin and eyes, and
may cause deep ulcers, which heal slowly. May
be absorbed through the skin, with symptoms
similar to those noted for inhalation. Symptoms
may include redness, pain, blurred vision, and

____________ ___________eye dam age.
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Sulfuric Corrosive I mg/&r This material will cause bums if comes into
Acid contact with the skin or eyes. Inhalation of

Oxidizer vapors will cause irritation of the nasal and

Dehydra- respiratory system.
dator

Sodium Corrosive 2 Mg/N43- Severe irritant. Effects from inhalation of dust
H-ydroxide Ceiling or mist vary from mild irritation to serious

damage of the tipper respiratory tract,
depending on severity Of exposure. Symptoms
may include sneezing, sore throat or runny
nose. Contact with skin can cause irritation or
severe burns and scarring with greater
exposures. Causes irritation of eyes, and with
greater exposures it can cause burns that may
result in permanent impairment of vision, even
blindness.

Sodium Corrosive 10 ppmn- Will form H-ydrogen Sulfide (I-IS) gas if'
Sulfide TWA combined with strong acids. Inhalation of I-IS

gas may be fatal. Symptoms include painful
15 pprim conjUnctivitis, headache, nausea, dizziness,
STEL coughing and, in extreme cases, pulmonary

edema and possible death. Irritant. Contact with
skin can produce serious caustic burns with
painful inflammation and possible destruction
of tissue. Inflammation, tearing and pain may
be expected. Severe contact can cauIse

____ ____ ___ ____ ____ _ __ ____ ____ destruction of tissue.

I- Always add acid to waiter to prevent violent reactions.

2 - Exposure limit refers to the OSH-A reg'ulatory cx osure limit.
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5.5. Eye protection that protects against splash, laboratory coat, and appropriate gloves must be
worn while samples, standards, solvents, and reagents are being handled. Disposable gloves

that have been contaminated will be removed and discarded; other gloves will be cleaned

immediately.

5.6. Exposure to chemicals must be maintained as low as reasonably achievable, therefore,

unless they are known to be non-hazardous, all samples must be opened, transferred and
prepared in a flume hood, or under other means of mechanical ventilation. Solvent and waste
containers will be kept closed unless transfers are being made.

5.7. The preparation of standards and reagents will be conducted in a fume hood with the sash
closed as far as the operation will permit.

5.8. All work must be stopped in the event of a known or potential compromise to the health and
safety of a STL North Canton associate. The situation must be reported immediately to the
EH&S Coordinator and the Laboratory Supervisor.

6. EQUIPMENT AND SUPPLIES

6.1. Round Bottom Reactivity flask: 3-neck, 500 mL minimum capacity

6.2. Addition funnel: 250 mL pressure-equalizing

6.3. Stir plate and stir bars

6.4. Compressed Nitrogen and two-way regulator, with flexible tubing.

6.5. Scrubber and absorber tube: 50 mL capacity

6.6. Buret: 10 mL Class A

6.7. Erlenmeyer flasks: various

6.8. Volumetric flasks: various

6.9. Graduated cylinders: various

6.10. Whatiman filter paper #4
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6.11. Analytical balance, capable of accurately weighing ±0.001g.

6.12. Lead Acetate test strips.

7. REAGENTS AND STANDARDS

7.1. Reagents

7.1.1. Sulfuric Acid: (1H2 S0 4), concentrated, reagent grade

7.1.2. 0.05 M 1-12S04: Add 2.8 nil- concentrated H2S0 4 to 900 mL reagent water and dilute to I
liter with reagent water.

7.1.3. 0.005 M HIS204 (0.0!I N): Add I100 ml- 0.05 M H2S0 4 to 800 mL, reagent water and dilute
to I liter with reagent water.

7.1.4. Sodium Hydroxide: (NaOH), reagent grade

7.1.5. 1.25 N NaOH-: Add 50 g NaOI- to 900 riL reagent water and dilute to I liter with
reagent watter'.

7.1.6. 0.25 N NaGH: Add 200 ml- 1.25 N NaOl-l to 700 nl- reagent water and dilute I liter with
reagent water. A commercially prepared Solution may also be used.

7.1.7. 0.0 192 N Silver Nitrate Solution: reagent grade

7.1.8. Rhodanine Indicator: Dimeithiylaminiiobenzalrhodaninie, reagent grade

7.1.9. Kaolin: reagent grade

7.1.10. Cadmium Carbonate: (CdCO 3), reagent grade

7.1.11. Spiking Solution (LCS, MS/MSD): Add 1.25g KCN to a 250ml- volumetric flask.
Bring to volume With 0.0 IN NaGH-.

7.1.12. 0.OI N NaGH: Add 0.4g NaOH- to a I L volumetric flask. Bring to voIlume1 with reagent
water.

8. SAM PLE PRESERVATION AND STORAGE

S. 1. Samples are stored in plastic or glass containers at 40 ± 20 C.
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8.2. Solid and water samples are not chemically preserved.

8.3. There is no defined holding time.

9. QUALITY CONTROL

9.1. Batch Definition

9.1.1. A batch is agroup ofno greater than 20samples excluding QC samples (LCS, MS, MSD,
Method Blanks) which are processed similarly, with respect to the procedure. All
samples within the batch must be treated with the same lots of reagents and the same
processes. All samples within the batch must be treated with the same lot of reagents and
the same processes.

9.2. Method Blank (MB)

9.2.1. One method blank (MB) must be processed with each preparation batch. The method
blank consists of reagent water containing all reagents specific to the method that is
carried through the entire analytical procedure, including preparation and analysis. The
method blank is used to identify any system and process interferences or contamination
of the analytical system that may lead to the reporting of elevated analyte concentrations
or false positive data. The method blank should not contain any analyte of interest at or
above the reporting limit.

9.2.2. A blank consisting of 10 g Kaolin or other inert solid must be reacted and analyzed with
each analytical batch of samples.

9.2.3. Corrective Action for Blanks

9.2.3.1. If the analyte level in the method blank exceeds the reporting limit for the analytes
of interest in the sample, all associated samples are reprepared and reanalyzed. If
this is not possible due to limited sample quantity or other considerations, the
corresponding sample data must be addressed in the project narrative.

9.2.3.2. If there is no analyte greater than the RL in the samples associated with an
unacceptable method blank, the data may be reported with qualifiers. Such action
must be addressed in the project narrative.

9.3. Laboratory Control Sample (LCS)

9.3. 1. One LCS from an independent source Must be processed with each preparation batch.

The LCS must be carried through the entire analytical procedure. The LCS is used to
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monitor the accuracy of the analytical process. On-going monitoring of the LCS results
provides evidence that the laboratory is performing the method within acceptable
accuracy and precision guidelines.

9.3.2. Corrective Action for LCS

9.3.2.1. Ifany analyte is outside established control limits the system is out of control and
corrective action must occur.

9.3.2.2. The only exception is that if the LCS recoveries are biased high and the associated
sample is ND for the paramneter(s) of interest, the batch is acceptable. This must be
addressed in the project narrative.

9.3.2.3. Corrective action will be reprcparation and reanalysis of the batch unless the client
agrees that other corrective action is acceptable.

9.4. Matrix Spike/Matrix Spike Duplicate (NIS/MSD)

9.4.1. One MS/MSD pair must be processed for each batch. A matrix spike (MAS) is a field
sample to which known concentrations of target analytes have been added. A matrix
spike duplicate (MSD) is a second aliquot of the same sample (spiked identically as the
MS) prepared and analyzed along with the sample and matrix spike. Sonic client specific
data quality objectives (DQO's) may require the use of sample duplicates inl place of or in
addition to MS/MSD's. The MS/MSD results are used to determnine the effect of a matrix
onl the precision and accuracy of the analytical process. Due to the potential variability of
the matrix of each sample, these results may have immediate bearing only onl the specific
samnple spiked. Samples identified as field blanks cannot be used for MS/MSD analysis.

9.4.2. Corrective action for MS/MSDs

9.4.2.1. lIfthe anialyte recovery or RPD falls outside the acceptance range, the recovery of
that analyte Must be in control for the LCS. If the LCS recovery is within limits,
then the laboratory operation is in control and the results may be accepted. If the
recovery of the LCS is Outside limits, corrective action must be taken. Corrective
action Will include repreparation and reanalysis of the batch.

9.4.2.2. If the native analyte concentration in the MS/MSD exceeds 4x the spike level for
that analyte, the recovery data is reported as "amount" MSB. The Exception Code is
changed to NC. The following two footnotes will appear on the report page 'NC
The recovery and/or RPD were not calculated." "MSB The recovery and RPD were
not Calculated because the sample amount was greater than four times the spike
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9.4.2.3. If an MSJMSD is not possible due to limited sample volume then a laboratory

control sample duplicate (LCSD) should be analyzed. The RPD of the LCS and
LCSD must be compared to the laboratory limits.

9.4.2.4. If client program requirements specify to confirm matrix interference's,
repreparation and reanalysis of the MS/MSD may be necessary.

9.5. QC Acceptance Criteria

9.5.1. Control limits are established by the laboratory as described in NC-QA-00 18.

9.5.2. Laboratory control limits are internally generated and updated periodically unless method
specified. Control limits are listed in the Laboratory Quality Manual (LQM) and the

latest version is easily accessible via the LIMs (QC Browser program).

9.6. Method Detection Limits (MDLs) and MDL Checks

9.6. 1. MDI-s and MDL Checks are established by the laboratory as described in SOPs S-Q-003
and NC-QA-002 1

9.6.2. MDLs are listed in the Laboratory Quality Manual (LQM) and the latest version is easily

accessible via the LIMs (QC Browser program).

9.7. Nonconformance and Corrective Action

9.7.1. Any deviations from QC procedures must be documiented as anonconformance, with

applicable cause and corrective action approved by the facility QA Manager.

10. CALIBRATION AND STANDARDIZATION

10.1. Not Applicable.

11. PROCEDURE

11.1. One time procedural variations are allowed only if deemed necessary in the professional

judgment of supervision to accommodate variation in sample matrix, radioactivity,
chemistry, sample size, or other parameters. Any variation in procedure shall be completely

documented using a Nonconformnance Memo and is approved by a Technical Specialist and
QA Manager. If contractually required, the client shall be notified. The Nonconformance
Memo shall be filed in the project file.
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11 .2. Any unauthorized deviations from this procedure must also be documented as a
nonconformance, with a cause and corrective action described.

11.3. Summary

1 1.3.1I. The sample is acidified in a closed system and liberated Cyanide gas is trapped in 0.25 N
NaOH.

11.4. Sample Preparation Procedure

11.4. 1. Add 50 niL 0.25 N Na0l-I to the absorber tube and connect the scrubber.

1 1.4.2. Add I0 g ± 0.05 g approximately of sample (waters and non-waters) to the reactivity
flask with closed stop cock.

11.4.3. Add 250 nl- of'0.005 M 1HbSO 4 to tile addition funnel.

11.4.4. Add 1.25 nl- of spiking Solution to LCS, MS, and MSD samples.

1 1.4.5. Close thle entire system and begin thle flow of nitrogen. The flow should be 3-5 bubbles
per second.

11.4.6. Begin sample stirring and start adding the acid by opening the stopcock on the separatory
funnel. NOT'UE: The stirring Should not be fast enough to create a vortex and should be at
a1 Constant speed.

1 1.4.7. Allowv the sample to react (while mixing) for thirty minutes. Document mixing time.

1 1.4.8. After the thirty minute reacting Per iod, disconnect the system and shut off the nitrogen.

11.4.9. Pour the scrubber contents into a 250 nmL volumetric flask. Rinse thle scrubber with
0.25N Na~il-l and pour the rinsate into the 250 mL volumnetric flask. Dilute to volume
with 0.25N NaOlFl.

I .5. Preparation Documentation

I .5.1I. Record all the necessary in Ibrmation onl the analytical logsheet.

11.6. Sample Analysis Procedure
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11.6. 1. After the 100 mL aliquot has been removed, check the scrubber solution with lead acetate
test paper for the presence of sulfide. If negative for sulfide, go to Section 1 1.4.2. If
positive for sulfide,add one scoop (I - 2 g) of CdCO 3 powder to the volumetric flask and
mix. If the precipitate turns yellow, add another scoop until white precipitate forms.
This removes sulfide which interferes with the titration. All QC and field samples must
be treated for sulfide prior to cyanide analysis.

1 1.6.2. Add 10-12 drops of rhodanine indicator to the Erlenmeyer flask. The solution should
turn yellow. Titrate with 0.0192 N silver nitrate until a orange-peach color develops.
Record the volume of titrant used on the analytical logshcct. Filter 1 00 mLs of treated
scrubber solution through a #4 Whatman filter paper into an Erlenmeyer flask.

12. DATA ANALYSIS AND CALCULATIONS

12.1. Calculations

HCN (ig /kg) = (X * L)÷- W

Where:

X= concentration CN (mg/L) = {[mL titrant (sample) - ml- titrant (blank)]/mL
sample titrated ~X 1 00

L = volume of solution in scrubber

W - weight of sample used

12.2. Report Documentation

1 2.2.1. Record all analytical information on the analytical logsheet, including the analytical data
from standards, blanks, and LCSs.

12.2.2. All standards are logged onto the departmental standard logsheet. All standards are
assigned in an unique number for identification. Logbooks are reviewed by the
supervisor or designee.

12.2.3. The documentation such as all associated instrument printouts (final runs, screens, reruns,
QC samples, cet.) and daily calibration data corresponding to all final runs is available for

each data file.
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12.2.4. Sample results and associated QC are entered into the LIMS after final technical review.

13. METHOD PERFORMANCE

13.1. Each laboratory must have initial demonstration of performance data on file and
corresponding method detection limit filies.

13.2. Training QUalifieations:

13.2.l1. The group/team leader has the responsibility to ensure that this procedure is performed by
anl associate who has becn properly trained in its use and has the required experience.

13.2.2. Method validation information (where applicable) in the form of laboratory
demonstrations of capabilities is maintained for this method in the laboratory QA files.

14. POLLUTION PREVENTION

14.1. This method does not contain any specific modifications that serve to minimize or prevent
pollution.

IS. WASTE MANAGEMENT

15.1. All waste will be disposed of in accordance with Federal, State and Local regulations.
Where reasonably Feasible, technological changes have been implemented to minimize thie
potential For pollution of the environment. Employees will abide by this method and the
policies in section 13 offthe Corporate Safety Manulal for "Waste Management and Pollution
Prevention."

15.2. Waste Streams Produced by the Method

15.2. 1. The following waste streams are produced when this method is carried out.

15.2. 1. 1. Aqueous waste generated by the analysis. Aqueous waste can be poured down
the drain if the pl-I is between 4 and 10. Any sample waste generated that is not inl
this pH- range must be collected and disposed of in the designated acid waste drum
located in the lab. This waste is collected in the laboratory inl a designated container
identified as "Acid Waste'.

1 5.2.1.2. Samples that arc above the reporting limit are disposed of in designated waste
container labeled "Cyanide Waste".
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15.3. Laboratory personnel assigned to perform hazardous waste disposal procedures must have a

working knowledge of the established procedures and practices of STL North Canton. They

must have training on the hazardous waste disposal practices upon initial assignment to these

tasks, followed by annual refresher training.

16. REFERENCES

16.1. References.

16. 1. 1. SW846, Test Methods for Evaluating Solid Waste, Reactivity, Method 7.3.3.2 for

Cyanide Reactivity, and its Updates.

16.1.2. SW846, Test Methods for Evaluating Solid Wastes, Reactivity, Method 9012A for

Cyanide Analysis, and its Updates.

16.1.3. STL North Canton Laboratory Quality Manual (LQM), current version.

16.1.4. Corporate Quality Management Plan (QMP), current version.

16.1.5. STL Laboratory Quality Manual (LQM), current version.

16.1.6. STL Corporate Safety Manual, M-E-0001 and STL North Canton Facility Addendum and

Contingency Plan, current version.

16.2. Associated SOPs

16.2.1I. Cyanide, Total NC-WC-0031

16.2.2. Reactive Sulfide, NC-WC-0061

16.2.3. Statistical Evaluation of Data and Development of Control Charts, NC-QA-O0 18.

16.2.4. QA Policy, QA-003

16.2.5. Glassware Washing, NC-QA-00 14

16.2.6. Method Detection Limits and Instrument Detection Limits, S-Q-003 and NC-QA-0021

16.2.7. Navy/Army SOP, NC-QA-00 1 6
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16.3. Withdrawal of Reactive Cyanide and Sulfide, USEPA Office of Solid Waste and Emergency
Response Abstract, April 21, 1998.

17. MISCELLANEOUS (TABLES, APPENDICES, ETC...)

17.1. TroubleshootinigGuide

1 7. 1.1. If the sample turns black while titrating, sulfide is present. See Sample Analysis
Procedure 1 1.4.1 for removal. Use the remaining aliquot.

17.2. Method Deviation

1 7.2. 1. A rotormeter for monitoring nitrogen gas flow rate is not utilized by the laboratory.

1 7.2.2. A cyanide reference solution is not utilized by the laboratory.

1 7.2.3. Note that bottles may be received with headspacc or multiple tests may be analyzed from
the same container resulting iiilhcadspace at the time of analysis.
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1.0 Scope and Application for Method
1.1 This SOP addresses the determination of certain volatile organics compounds (VOCs) using gas

chromatography/mass spectrometry (GC/MS) and assumes that the analyst is familiar with SW 846

Method 8260B.
II I Applicable Matrices - Wastewater. Method 86208 can be used to determine VOC compounds in a

variety of municipal and industrial waters. However, LIMP, Inc. defaults to EPA Method 624 for

these types of samples.
1.1.2 Applicable Matrices - Groundwater/Soil/Solid Waste/RCRA Waters. Method 82608 can be used to

determine VOC compounds in a variety of water and solid waste matrices.

1.2 Analytes that are currently reported using this method are listed in Appendix A #4.

1.3 Detection limits (MDLs - Method Detection Limits; MQLs - Method Quantitation Limits) and control

limits for the analytes currently reported using this method are listed in the Analyte Summary Table. Refer

to LMP's Determination of MDL/MOL/RL SOP. Detection limits presented are those that can be achieved

in the absence of interference.

2.0 Summary of Method
2 1 Method 8260B provides GC and MS conditions for the dletection of ppb levels of VOCs. VOCs are

introduced to the GC/MS using the following methods

2.1.1 SW 846 Method 50308. This method is applicable to water samples only.

2.1 2 SW 846 Method 5035. This method is applicable to low level and medium level soils only.

Note: LMP, Inc. defaults to Method 5035 for soil samples.

Method 5030A for soils has been deleted from the current edition of SW-846 and is considered an obsolete

method. While many states/agencies/projects do not wani or require method 5035, documentation must be

maintained that indicates that the client has been notified that method 5035 is the only approved method for

soils. Refer to Appendix A #I. All soils received by LMP, Inc. will be preserved and analyzed according to

method 5035 specifications.
2.2 GC/MS conditions are presented in TFable 7 of this S0OP

3.0 Interferences and Potential Problems
3 I Refer to Section 3.0 of SW 846 M~ethod 8260B for further details.

3.2 Method interferences are reduced by proper glassware cleaning procedures Cleaning procedures are

detailed in LMP's Orai aoaoyGasaeCenn rcdres SOP

3.3 Methylene Chloride - This solvent is used in 95% of all extractions performed by LMP, Inc. Precautions

must be taken to minimize ambient laboratory levels in the volatile laboratory

3.3.1 All samples to be analyzed for volatiles (soil or water) must be stored in the refrigerators located in

the volatile lab. Samples may not be removed from this lab until all volatile analyses have been

completed. For soil samples, a second sub-sample may be provided to perform percent solid

determination.
3 3.2 Personnel fromt the organic extraction lab, and other areas of the laboratory, are not allowed into the

volatile lab if they have been in the extraction lab within the pr evious 8 hours.

3.3.3 Negative pressure must be maintained in the extraction and concentration labs (e.g., ventilation

hoods must be in operation at all times.)

3.3 4 Refer to the Quality Manual for procedures on evaluation of method blanks.

3.4 Analyses of reagent blanks provide information abotit the presence of contaminants. Subtracting blank

values from sample results is not permitted.

3.5 Carrier/Purge Gas - Zero Grade 1-elium. In order to minimize problems associated wvith contaminated high

pressure tanks, the following precautions are taken-

3 5.1 Each system must have a dedicated high-pressure tank and regulator. This isolates each system and

miuniizes the chance of a single tank affecting more than one ( 1) instrument.

3 5 2 LMP, Inc. has negotiated with our gas supplier, NexAir, to provide ultra clean, aluminum tanks.

These tanks are individually labeled and are only used by LMIP, Inc In addition, a check valve is

The Standard Operating Procedure has been prepared for the sole uge of Lab Management Partners, Inc
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installed in each tank that will not allow use below 300 PSI.
3.5.3 The analytical baseline is to be monitored daily for the presence of hydrocarbons which may indicate

potential gas contamination. The high-pressure tank is to be replaced and returned to the supplier at
the first sign of contamination.

4.0 Equipment, Instrumentation and Apparatus
4.1 Refer to Section 4 of SW 846 Method 8260B.
4.2 Analytical balance capable of weighing O.OO01lg
4.3 Glassware - Micro Syringes, Auto Pipettes and Volumletric Pipettes (Vendor/Cat #)-Items specific to this

method are li sted in Table I
4.4 The Current configuration of analytical systems for this method is found in Table 7.

5.0 Reagents and Standards
5.1 Reagent grade chemicals are to be used for this method. Unless otherwise indicated, it is intended that all

reagents shall conform 10 thie specifications of the Committee on Analytical Reagents of the American
Chemical Society, where such specifications are available. Other grades may be used, provided it is first
ascertained that the reagent is of sufficiently high purity to permit its use without lessening the accuracy of
the determination.

5.2 All r~eagenits/solvenits/standardis miust be traceable using the Solution Validation Quality Assurance
Prjogrami (S VQA P).

5.3 Reagents - Table 2
5.3.1I Organic-fiee recagent water - All references to water in this method refer to organic-free reagent

water, as (te Ii ed in Chapter I of S W-846.
5.4 Stock Certified Solutions - Table 3 - Whenever possible, standard solutions are purchased as certified

So Lut ions troni an outs ide sot'ree. Each sot titin is accompanied by certification data onl the concentration
and traceability of the soluti ion All sot1utin)1s used in the mnethod are certiftied solutions.

5.5 Cal ibrat ion Standards (egWS-I, WS-2) - The initial calibration is performed is ing tenl (10) cal ibrat ion
standards (targets and suriogates). One standard corresponds to the M QL. The remaining standards
encompass the working range or the GC/M S system. All quantitatively reported ana lytes must be included
in the calibration standards. TIable 3 details thie certified Solutions currently used. TFable 6 details the
prepaiation olfthe working standards fromn thle certified solutions.

5.6 SUrrogate Standat ds - TheCse sotL ut1 ios r added to all samples prior to analysis or preparation Table 3
details the ceit ilied solutions currently used. Sni rogate standard preparation is listed in Table 4. Spiking
voIl nines and conceintrat ions are listed in TFablIc 5 'fthe Current surrogates used are Dibro0mo1fiknoromethanle,

1,2-Dich Ioroethaine-d4, 'Ioluene-d8i and 4-Bfromofiluorobernzenec.
5.7 Internal] Standard - Internal standards are added to all calibration standards and samples (internal QC and

envi ronmentalI) T~abIc 3 detatils the certi lied solutions currently used. internal standard preparation is listed
in Table 4. Spiking volumes and concentrations are listed in Table 5. The current internal standards used
are PentaffIiioroberriene. I, 4-Difll oroberizene, Ch Iorobenzerie-d5, I , 4-Dich lorobenizene-d4.

5.R 4 -Bronmonuorobetnzene (131FB) Standard - GC/MS tunec standard. TFable 3 details the certified Solutions
currently used. B1313 standard preparation is listed in Table 41.

5.9 Laboratory Control Solution - This standard contains all target analytes and is added to a clean mnatrix (i.e.
blank spike) to monitor overall method pertormance. Table 3 details the certified Sol ut ions currently used
LCS standard preparation is listed in Table 4. Spiking vol nies and concentrations are listed inl Table 5.

5.1 0 Matrix Spike SoIlution - This solution contains all target analytes and is added to aliqutots of sample
(MS/MSD) to mionitor sample miatrix effects. Table 3 details the certified solutions currently used. MS
standard preparation is listed inl Table 4. Spiking volumes and concentrations are listed inl Table 5

5.1 1 Standards and standard solutions are Stored ait -10"C to -200C.
5.1 . I 'fihe permanent gas standard should be prepared fresh as needed (Table 4) if CV checks indicates a

chronic problem
5.1 1I.2 N on-gas standards shon Id be prepared fresh every six months or earleie if the CV analysis indicates a

chronic problem.

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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6.0 Health and Safety
6.1 Each chemical compound/reagent/standard should be treated as a potential health hazard. MSDS forms for

the standards/reagents used in this method are available from the Quality Assurance Officer (QAO). Refer

to the Chemical Hygiene Plan SOP (CHP) for overall guidance.

6.2 In accordance with the OSHA Laboratory Standard, 29 CFR 1910.1450, LMP, Inc., has implemented a

written Laboratory Safety Plan that is accessible to all employees. Consult this document for details on

health and safety as it applies to the activities described in the SOP.

7.0 Sample Preservation and Containers
7.1 As a rule, LMP, Inc. does not engage in sampling activities and may not have control of field sampling

activities conducted by clients. However, each analytical method has specific container and preservation

(chemical and/or temperature) requirements, which are essential to ensure the validity of the laboratory's

data. Refer to LMP's Sanmple Login Procedures SOP.

7.2 Sample Collection
7.2.1 Water samples are collected in 40 mL amber, Teflon-lined septum vials with no headspace (3 per

sample). Vials are preserved with hydrochloric acid. Samples must be stored 40C±2 from time of

sampling until analysis.
7.2 2 Soil samples are collected according to method 5035. Refer to LMP's SW 846 Method 5035 SOP.

For any option, samples must be stored at 40C±2 from time of sampling until analysis. The options

are summarized below:

o Option 1. For each soil sample. Three (3), 5-gramt EnCore samplers and one (I1) 4oz glass container. (The

4oz container is for solids determination and may or may not be provided by the client.) The EnCores must

be received and preserved by the laboratory within 48 hours of collection. Two (2) of the EnCores are to be

preserved for low-level analysis with sodium bisulfate. One (I) of the EnCores is to be preserved with

methanol for possible medium-level analysis.
El Option 2. For each soil sample: Two (2), pre-wetghed 40 mL septum vials containing 5 mL11 of sodium

bisulfate solution and a stir bar; One (1), pre-,seighed 40 mL septum vial containing 5 muL of methanol,

One (1) 4oz glass container, if applicable.
oD Option 3 This option is no longer officially recognized according to SW-846. I lowever, many

states/agencies/projects will continue to use the option of collecting soils in 4oz or 9oz Teflon-lined wide-

mouth glass containers. Samples must be stored at 40C±2 from time of sampling until analysis. Samples

arriving at the laboratory using this option will be processed according to Method 5035 preservation and

holding time requirements.

7.3 1l~olding Time
7.3.1 Holding time for this analysis is defined as the number of days from sample collection in the field to

date analyzed by the instrument.
7.3.2 Water samples must be analyzed within 14 days of collection.

7.3.3 Soil samples must be analyzed within 14 days of collection

8.0 Calibration and Standardization
S I Prior to initial calibration, it is highly recommended that full system maintenance be performed.

Performing the initial calibration is an expensive and vital procedure. If the system is not operating

properly for the analysis of standards, it will not be possible to generate quality data during thre analysis of

samples Make sure the analytical system is optimized prior to initial calibration.

8.2 Operating conditions for the GC/MS system are provided in Table 7.

8 3 Injection port maintenance is performed at the discretion of the analyst, prior to beginning the analytical

sequence. All maintenance performed is documented in the appropriate system maintenance log. For VOC

instrumentation, all items below need not be performed at a specific interval. Unless specified otherwise, it

is recommended that these options be performed as needed.

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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o Replace injection port liner
o Replace injection port disc
oJ Replace injection port septa.
o Clip approxiniately I to 2 inches of column/guard column (performed only as needed). This step can

potentially cause a shift in retention times. The BFB tune must be monitored for any shift in retention
times.

o Bake GC at 2500C for a minimum of I hour. - Daily
o Injection port maintenance should be Performed as early in the morning as possible to allow the CC

to bake for as long as possible prior to beginning the analytical sequence.
8.4 CC/Ms Instrument Performance Check Brormofluorobenizene (I3FB)

8.4.1 Each CC/MS system must be hardware-tuned to meet the BFB tune criteria in Table 8. Each
analytical sequence must begin with a system performance test. 50ng of BFB is injected or purged.
The mass spectrum of BFB must meet the mn/z criteria in Table 8 before any samples, blanks or
standards are analyzed. Thle following options are available when evaluating the BFB peak:

0 Use a single scan to evaluate against BFB3 criteria.
o Three scans (the peak apex scan and the scans immediately preceding and following the apex) are

acquired 'and averaged. Background subtraction is required, and must be accomplished using a single
scan acquired no more than 20 scans prior to the elution of BFI3. The background subtraction should
be designed only to eliminate column bleed or instrument background ions. Do not subtract part of'
the BFB peak.

8.5 Initial Calibration (ICAL1). Working standards for the initial calibration are prepared just prior to
calibration. Standards inc I tde all tar-get analytes, surrogates and internal standards. Working standards
used are listed in Table 6. Peak areas are used for each target/surrogate. The internal standard technique is
uased for this calibration.

8.6 AquLeous Initial Calibration
A series or 10 calibration standards are Canalyzed to generate the initial calibration using thle internal
standard a pproac h
O Add organic free water to the 10cc syringe and adjust to I OmL. The initial calibration is based onl a

linOl_ purge voIlume1.
o Spike thle syringe, per Table 6A, with thie appropriate amount of target anallyte standard solution.

Al ways proceed fromn the lowest working standard to the highest.
oJ Spike thle syr inge, per Table 6A, with thle appropriate amotint of surrogate standard solution1.

Suriogates are calibrated the same as target anialytes. A separate surrogate solution is used for the
initial calibration process.

O_ Internal standard solution is added automatically by the Archon autosampler.
O] Transfer sample to 4OmiL vial and load onto A rchon autosanipIcr.

8.7 Soil Initial Calibration
A series of I 0 calibration standards are analyzed to generate the initial calibration using the internal
stan da id a pproachlv
o Add organic free water to the 10cc syringe and adjust to 5mL. The initial calibration is based onl a

5ni_ L puge volume.
O Spike thie syringe, per- Table 6B, with the appropriate amount of target analyte standard solution.

Always proceed from thie lowest working standard to the highest.
oJ Spike the syringe, per Table 6B3, with the appropriate amount of surrogate standard soIlutionl.

Surrogates are cal ibiated the same as target anialytes. A separate Surrogate Solution is tised for thle
initial calibration process.

O Internal standard solution is added automatically by the Archon autosamnpler.
o Transfer sample to 40imL, vial with 0.5g sodium bisulfate and load onto Archon atitosamnpler.

8.8 Standard WS- I demonstrates a lower MQL for several analytes.
8.9 Standards WS-2 thru WS- 10 establishes the working range of the detector. Concentrations found in

samples that are above WS- 10 must be diluted to be within the working range.

T~he Standard Operating Procedure has been prepared for the sole use of Lab Management Partnei-s, Inc.
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8 10 Initial Calibration (ICAL) Evaluation. Standards are processed using the Target data processing system.

An initial calibration report is generated and evaluated using the criteria listed in the following sections.

Refer to Appendix A # 4. Response Factors (R~s) are calculated for each target analyte/surrogate standard

relative to one of the internal standards (ISTD). The ISTD selected should be the one that has a retention

time closest to the analyte being measured. The calculation for RE is provided in Section 10.

8.11 The ICAL must be evaluated against acceptance criteria prior to beginning analysis of samples. AMethod

Sequence Check List provides an overview of the main acceptance criteria for the initial calibration.

8.11.1 System Performance Check Compounds (SPCCs). Review the Target mean RE for each target

analyte from the initial calibration curve. Five compounds (the System Performance Check

Compounds or SPCCs) are checked for a minimum average response factor These compounds are

chloromethane; 1,1 -dichloroethane; bromoform, chlorobenzene; and 1,1 ,2,2-tetrachloroethane. These

compounds are used to check compound instability and to check for degradation caused by

contaminated lines or active sites in the system.
8.11.2 Example problems include:

o Chloromethane is the most likely compound to be lost if the purge flow is too fast.
o Bromoformn is one of the compounds most likely to be purged veiy poorly if the purge flow is too

slow Cold spots and/or active sites in the transfer lines may adversely affect response. Response of

the quantitation ion (m/z 173) is directly affected by the tuning of BFB at ions in/z 174/176.

Increasing the m/z 174/1 76 ratio relative to m/z 95 may improve bromoform response.

El Contaminated transfer lines degrade Tetrachloroethane and IJ -Dichloroethane in purge-and-trap

systems and/or active sites in trapping materials.
o, The minimum mean response factors for the volatile SPCCs are as follows:

O3 Chloromethane 0.10
Li IJI-Dichloroethane 0.10

Li Bromroform 0.10
o Chlorobenzene 0.30
La 1, 1,2,2-Tetrachloroethane 0.30

8.11.3 Calibration Check Compounds (CCC). The purpose of the CCCs is to evaluate the calibration firom
the standpoint of the integrity of the system. I-Iugh var iability for these compounds may be indicative

of system leaks or reactive sites on the column. Review the Target SD and RSD of the R~s for each

target analyte and surrogate standard fromt the initial calibration curve. The calculation is provided in

Section 10.
o The RSD should be less than or equal to 15% for each target analyte Hlowever, the RSD for each

individual Calibration Check Compound (CCC) must be equal or less than 30% The CCCs are

o l,l-Dichloroethene, Toluene, Chloroform, Ethylbenzene. 1,2-Dichloropropane and Vinyl chloride.

O If an RSD of greater than 30% is measured for any CCC, then the calibration is not valid, Corrective action

must be taken before re-attempting calibration.
8.12 Linearity of Target Analytes and Surrogate Standards. If the RSD of the target/surrogate is less than 15%,

then linearity through the origin can be assumed and the average RE from the ICAL used for quantitative

purposes. If the RSD of any analyte is greater than 15% then the calibration options for the initial

calibration as detailed in the Quality Manual must be applied.
8.13 Initial Calibration Verification (ICy). Thre initial calibration curve is verified as accurate prior to the

analysis of samples with a standard prepared from anr independent source. This ICy involves the analysis

of a mid-range working standard containing all of the target analytes. The ICy standard used is listed in

Table 3. This standard is analyzed immediately following an initial calibration and must meet CVi criteria

to be acceptable. The ICy may also be used as the CV.
8.14 Calibration Verification (nimtial)zTCVi. The initial calibration must be verified at the beginning of each

analytical sequence or once per 12-hour analytical shift This is performed by the analysis of the mid-range

calibration standard, WS-6 for aqueous and WS-5 for soils. All CV reports are generated by the Target

data system. The following must be analyzed as part of the CV process:
Li BFB Tune. 50 ng of BFB is injected or purged. The mass spectrum of IREB must meet the in/z cr iteria

in TableS8 before any samples, blanks or standards are analyzed. Refer to 8 4 1

ol Calibration Verification - WS-6 for aqueous and WS-5 for soils

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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8.14.1 CV - System performance Check Compounds (SPCCs). The CV must meet SPCC criteria as per
section 8. 10, 1. This check must be met before sample analysis begins.

8. 14.2 CV - Calibration Check Compounds (CCC). The validity of the ICAL must be checked Use percent
difference when performing the average response factor model calibration. Use percent drift

when calibrating using a regression fit model Refer to Section I10 for calculations.
o lfthe percent difference or dr ift for each CCC is less than or equal to 20%, the initial calibration is

assumed valid, as per Section S. 10.3.
o Evaluate percent difference or drift for all other target analytes/surrogates. LMP, Inc. has established
a Max %dlifference/drift of 30%.
ol USCOE projects require that all target analytes be within 20%. CV reports are provided to indicate

which analytes are outside the 20% criteria.
8.14.3 Internal Standard Retention Time. The retention times of the internal standards in the calibration

verification standard must be evaluated immediately after or during data acquisition. If the retention
time for any internal standlard changes by more than 30 seconds from the mid-point standard level of
the most recent initial calibration sequence, then the chromatographic system must be inspected for
malfunctions and corrections munist be made, as required When corrections are made, reanalysis of
samples analyzed while the system was malfunctioning is required.

8.14.4 Internal standard response - If the EICP area for any of the internal standards in the calibration
verificafion standard changes by a factor of two (-50%/ to ± 100%) from that in the mid-point
standard level of the most recent initial calibration sequence, the mass spectrometer must be
inspected for malfunctions and corrections must be made, as appropriate. When corrections are
madtce, rea nalysis of samlples analyzed while thle system was malfunctioning is required.

8.14.5 A Method Sequence Check List provides an overview of the main acceptance criteria for the CVi.
Refer to Appendix A #3

8.15 NELAIP ReqUirClemens for CV evaIluation1
If the co11i t ming instrume1Cnt Calibrat ion verification results obtained are outside established
acceptance ci itei ia, corrective actions moUst be performed. If routine corrective action procedures fail
to produce a Second ConlSecutiye (inlimediate) cal ibrat ion yerifloat ion with in acceptance criteria, then
either thie laboratory has to demuonstrae perflormnance after corrective action with two consecutive
successful calibration veficialations, or a new initial instrument calibration Must be performed. If thle
laboratory hats not deimonsi ated acceptable perfonrmance, sample analyses shall not occur until a new
nit i a cal ibrat ion curve is establi shed and yenitied. IHowever, sample data associated with
tinacceptable calibration yerification may be reported as qualiftied data tinder the following special
conditions:

8.15.1 When thle acceptance criteria for thle Continuing calibration verification are exceeded high, i e., high
bias, and there ate associated samples that are non-dletects, then those non-dletects may be reported.
Othetivise the samples aftlected by the unacceptable calibration verification shall be reanalyzed after
a newv calibration curve has been established, evaluated and accepted.

8,15.2 When the acceptance criteria for thle continuing calibration verification are exceeded low, i.e., low
bias, thlose sample results may be reported if they exceed a maximum regulatory limnit/decision level.
Otherwise thle samples atkected by the unacceptable verification shall be reanalyzed after a new
calibration curve has been established, evaluated and accepted

9.0 Analytical Proccdiire
9.1I Sample Introduction. Water samples are purged and Panalyzed according to Method 5030 B. Solid samples

are purged ,and analyzed according to Method 5035. Refer to Table 9 for QC objectives.
9.2 GIC/MS condi iions are provided] in Table 7.
9.3 B3F 13 tunling criteria and GC/M S calibrat ion ver ification cr iteria must be met before analyzing samples.
9.4 The analytical procedure begins wvith the daily review of thle sample tracking reports. These reports provide

in frmati on concerning Due Dates and I loldinig Ti me Dates. fin addition, LI MS result sheets are provided
that indicate the method and speciflie target ana lytes requ i red. Samples are always prioritized to ensure that
holding timles are not violated.

Thle Standard Operating procedure has been prepared for the sole use of Lab Management Partners, Inc.
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9.5 Begin process of completing VOC system Daily Run Lo . All analyses for a system are recorded on this

log. Refer to Appendix A #2.
9.6 In general, all VOCs are screened using a GC FID/PID screening methods that will provided information

about dilutions
9.7 Assemble samples for analysis. Allow samples to come to ambient temperature before proceeding.

9.7.1 Water samples will generally arrive in three (3) septum vials. One vial will be sufficient for sample

(MS/MSD if required) analysis. The additional vials should remain in cold storage for future needs

(e.g dilution, re-analysis)
9.7.2 Soil samples, by this time, should have been preserved according to Method 5035. Each soil should

have two (2) low level vials with a stir-bar, preserved with sodium bisulfate available. A medium

level vial preserved with methanol should also be available.

9.8 Water Sequence - Transfer sample from field septum vial to I10cc syninge.

9.8.1 Detection limits and ICAL are based on a 10 mL purge volume.

9.8 2 Check pH and record in Daily Run Log
9.83 Sample dilutions can be performed at this stage if needed.

9.8.4 The CV is used as the LCS for this method.
9 8.5 A method blank is prepared and analyzed after the CV/LCS

9.8.6 A MS/MSD is required for each sequence. If sample is a MS/MSD, separate afliquots are poured into

separate syringes. The MS/MSD is spiked with the appropriate solution based on TableS5.

9.8 7 Transfer the sample from the syringe to a new, clear, labeled 40 mdL septum vial.

9.8.8 Internal Standards/Surrogate Standards. These solutions are added to the sample by the Archon

autosanipler.
9 9 Soil Sequence

9.9.1 Soils are in pre-weighed and preserved vials. Vials will contain approximately 5 grams of sample.

The vial is to be weighed and the actual weight of the sample calculated. Weights are recorded in the

Soil Extraction Logbook. Use one (1) of the low level vials for initial analysis. In this case, use the

methanol- preserved vial and perform the necessary dilution.
9.9.2 A method blank is prepared and analyzed after the CV/LCS
9.9.3 A separate LCS (and LCSD wvhen enough sample is not available for MS/MSD) is required for each

sequence.
9.9.4 A M4S/MSD is required for each scquence if enough sample has been provided. Thre MS/MSD is

spiked with the appropriate solution based on TableS5.

9 9 5 Internal Standards/Surrogate Standards. These solutions are added to the sample by the Archon

autosaropler.
9.10 Complete the Daily Run Log for each sample prepared.

9.11 Load samples onto the Archon autosamnpler.
9.12 Use of the HP EnviroQuant Data Acquisition software. Refer to Data ProcesigofOgnc ape SOP.

9.13 Target Data Processing. . Refer to Data Processing of Organic-Samples SOP. This SOP details the

procedures for identification and quantitation of analytes using the Target data processing system.

9.13.1 Result evaluation. A Method 82608 Sequence Checklist is completed for each analytical sequence

Refer to Appendix A #3.
9.14 Results. All results for this method are calculated using the internal standard method calculation provided

in Section 10.
9.14 1 Above the highest point in the ICAL, the sample should be diluted and re-analyzed

o Optimally, the dilution should be performed to bring the concentration of the analyte within the upper

range of the ICAL.
El If a dilution cannot be perfonned, the result is reported with an 'E" flag to indicate that the result

exceeds the ICAL range, and a case narrative should accompany the analytical results.

9.14.2 Surrogates. Surrogates are added to each sample, blank, and QC sample and are also contained in

each calibration standard.
U1 Surrogate retention times are useful in tracking retention time shifts.

o1 Recover ies for all surrogates are calculated for method blanks, laboratory control samples, matrix

spikes and samples using the recovery calculation listed in Section 10

The Standard Operating Procedure has been prepared for the sole uise of Lab Management Partners, Inc
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El Recoveries for all surrogates should be within acceptance criteria.
El Corrective action for recovery outliers is detailed in Section 13.

9.14.3 Batch Quality Control (QC) Samples. Each analytical batch will contain QC samples used to
evaluate the precision and accuracy of this method. These QC samples are analyzed as part of the
sequence and evaluated according to the criteria discussed in Section I 1.

9.15 Qualitative Analysis. The qualitative identification of each compound determined by this method is based
onl retention itime, and onl comparison of the sample mass spectrum, after background correction, with
characteristic ions in a reference mass spectrum. The characteristic ions fromt the reference mass spectrum
are defined to be the three ions of greatest relative intensity, or any ions over 30% relative intensity if less
than three such ions occur in the reference spectrum. Compounds are identified as present when the
following criteria are met.

9.15.1 The intensities offthe characteristic ions of a compound maximize in the same scan or within one
scan of each other Or the presence of a target chromatographic peak containing ions specific for the
target comIpound at a comupound-specific retention time.

9.15.2 The relative retention time (RRT) of the sample component is within ± 0.06 RRT units of the RRT of
the standard component.

9.15.3 Thie relative intensities offthe characteristic ions agree within 30%/ of the relative intensities of these
ions in the reference spectrum. (Example: For an) ion with anl abundance of 50% in the reference
Spectrum, thie corresponding abundance in a sample spectrum can range between 20% and 80%.)

9.1 6 Tentatively Identi lied Compounds (TIC). For Samples containing components not associated with the
calibration standards, a library search may be made for thle purpose of tentative identification. TICs are
provided by defthUlt for Level Ill and IV data packages. TICs are provided for Level I and II data packages
only upon request, or to support issues of maitrix interference or required initial dilutions. Use the
followin~g guidelines for reporting TICS:

9. 16.1I Relative intensities of major ions in thle reference spectrum (ions greater than 10%Y, of the most
abUndant ion) should be present in thle sample spectrum.

9. 16.2 The relative intensities of the major ions should agree within ± 20%K (Example: For an ion with an
abundance oi'50%A in thle standard spectrum, thie correspondling sample ion abundance must be
between 30 and 70%X)

9.16.3 Molecu~lar ions present in the reference spectrumII should be present in the sample spectrum.
9. 16.4 I oIs P pe Senlt in thIIe SamplIe SPeCtrumL I bu nII[ot in the r efe rence Spectrum I shoulId be revie wed for

possible backgrounld contamininat ion or presence of CO-c litng compounds.
9.16.5 Ions pi esent in thle reference spectumn but not in the sample spectrum should be reviewed for

possible subti action firomn the Sample spectrum because of background contamination or co-eluting
peaks.

9. 17 Quantitative Analysis. Once a compound has been identi tied, the quantitation of that compound will be
based onl the integrated abundance from thie ElICP of the primary characteristic ion. Thle internal standard
uased shall be tile one nearest the retention time of that of a given analyte.

9.17.1 If the RSD of a compound's response factors is 15%, or less, then the concentration in the sample
may be determined] using thle average response factor (RE) from initial cal ibrat ion curve. Refer to
Section 10.

9.1 7.2 lIfthe RSD of a comIpound's response factors is > 15%, then the concentration in the sample is
determined using linear regression. Refer to Section 10.

9.18 When applicable, the concentration of any non-target anialytes identified (TICs) should be estimated. The
same Formulae should be used with thle following mod ifheat ions: Thle areas A and A should be from thle
total ion churonatogramis, and x is the RF for thie compound should be assumed to be I . Thle resulting
concentration should be reported indiceating:

Ol that thle value is anl estimate, and
El which internal standard was used to determine concentration.

Use the nearest internal standard free of interferences.

1'he Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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10.0 Calculations
10.1 Initial Calibration -Response Factor (RF)

The RE is calculated as follows:

- . Az

Where:
A, Peak area (or height) of the analyte or surrogate.

A,, = Peak area (or height) of the internal standard.

C, Concentration of the analyte or surrogate.
C,, Concentration of the internal standard.

10.2 Initial Calibration - Average Response Factor To evaluate the linearity of the initial calibration, reviewv

the mean RE, the standard deviation (SD), and the RSD as follows:

£ RFi LRF 7Fy2
mean RF RE -SD

RS 0 - O0

Rh = RE for each of the calibration standards
RF =mean RF for each compound from the initial calibration

n = number of calibration standards

10.3 Initial Calibration - Linear Calibration using Least Squares Regression.

The regression will produce the slope and intercept terms for a linear equation (internal standard quantitation) in the

form

ASC5- C b

Ala

where:
A, - Area (or height) of the peak for the target analyte in the sample (s)

A,, -Area (or height) of the peak for the internal standar d (is)

C, - Concentration of the target analyte in the calibration standard (s)

Q,-Concentration of the internal standard (is)
a - Slope of the line (also called the coefficient of C,)
bI The intercept

In calculating sample concentrations by the internal standard method, the regression equation is rear ranged to solve for

the concentration of the target analyte (Cs), as shown below:

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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AC - b]

10.4 Calibration Verification
Calibration verification for linear calibrations involves the calculation of the percent difference of the instrument
response between the initial calibration and each subsequent analysis of the calibration verification standard

%Difference CFXx10o F~r 100

where CF,. and RF,. are the calibration flictor and thle response factor (whichever applies) from the analysis of the
ver ificaidon standard, anti CF and RE are the mean calibration factor and mnean response factor fromt the initial
calibrtat ion.

10.5 Conicenitration of'Anialytes -Aquieouis Sample

Concenraioano tpqLi

A, Area (or hreight) of thec peak lbr the analyte in thle sample.
,= Total vo lilicm of the coincentrated extract 4iL.For purge and trap analysis, V, is not applicable and

there thre is set at I.
I) = D)iI UtionI factor, ifthei siample or extract was diki tied prior to analysis. If no dilution was made, D) = 1
Thel d Ii ILIItion Ifactor is cLimIe [s io~iIles S.

CF Mean calibration factor trom the initial calibration (area per rig).
V = Volitime of'the extract infected It L). The nominal inject ion volume for samples anti calibration
standards must be the samne. For Purge and trap analysis, V, s not applicable and therefore is set at I . If
concentration tinits are used in calctilat ing the calibration factor, thenl V, is not used in this equation.
V, = Volrutme of the aqueotis samiple e xtradted or purged in niL. If Un iS isOf liters are Used for this term, then
mtiltiply the results by I000.

10 6 Concentration of Samiples - Norln-aqueous Samples

Concentration (pgikg) (Aj(V](t0)

where A,, VI, D. CF, and V ,are, as cesenhed in 7.10 ti1, and

may be usee. deopending upon Ine specific application of the data. If Units of
k~ilogracis are used for ithis etenii, 'f~luliiply the res!ults by ooo0

Using the tinils specified heirfotr these terms wilt resu;Llt in -i cinrentratInn in units of
gflgkj, Which is equivalent to pqg~k
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10.7 Calculation of Recovery. Accuracy is estimated from the recovery of spiked analytes from the matrix of

interest. Laboratory performance in a clean matrix is estimated from the recovery of analytes in the LCS.
Calculate the recovery of each spiked analyte in the matrix spike, matrix spike duplicate (if performed) and

LCS according to the following formula:

Recovery % R C. X 1CC

Where
C, - Measured concentration of the spiked sample aliquot
C,= Measured concentration of the unspiked sample aliquot (use 0 for the LCS)

C,, -Nominal (theoretical) concentration increase that results from spiking the sample, or the nominal

concentration of the spiked aliquot (for LCS)

10.8 Calculation of Precision Precision is estimated from the relative percent difference (RPD) of the

concentrations (not the recoveries) measured for matrix spike/matrix spike duplicate pairs, or for duplicate

analyses of unspiked samples. Calculate the RPD according to the formula below.

RPD I C 2 xICO0

where
C, = Measured concentration of the first sample aliquot,
C, = Measuied concentration of the second sample aliquot.

10.9 Calculation of Surrogate Recovery:

Rt,.(uovery Ccncerntraiion (or amount) tound ,

Concontraliori (or ariiount) added

1 1.0 Quality Control

11.1 Overall method performance is monitored by the use of various internal quality control checks. These

checks are performed at various stages throughout the preparation and analytical process.

11.2 Analysis. The analysis batch is defined as samples of the same or similar matrix that are analyzed together

on one instrument within the same 12-hour analytical shift. For VOCS, the preparation and analytical batch

are the same. The following internal batch QC samples are included for each batch of samples analyzed

using Methods 5030B or 5035:
Li Method Blank (MB) - Evaluate Result

o1 Laboratory Control Sample (LCS) - Evaluate Recovery

O1 Laboratory Control Sample Duplicate (LCSD) - Evaluate Recovery/RPD. (Perfornmed when insufficient

volume of sample is available for MS/MSD.)
o Matrix Spike (MS) - Evaluate Recovery
Li Matrix Spike Duplicate (MSD) - Evaluate Recover y/RPD

11 3 Analytical Sequence. For method 8260B, the following QC verifications are required as part of the

analytical sequence
o BEB Instrument Tune

Li Initial Calibration/Initial Calibration Verification or Calibration Verification (SPCC/CCC evaluation)

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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Analytical sequences may be initiated by the analysis of a valid calibration verification (CVi) in lieu of an initial
calibration.
A complete definition and discussion of each of these internal QC samples is provided in the Laboratory Ouality
Management Plan.

12.0 Method Performance
12.1 Method development/Demonstration of capability. For this method, and all methods performed by LMP,

[Inc., these procedures must be completed as an initial demonstration of the ability to adequately perform
this method.

12.2 Items specific to this method are as follows:
12.2.1 Method Detection Limits (MDLs). MDLs must be established for each target analyte by conducting

anl MDL study. This process is detailed in LMP's Determination of`MDL/MOL/RL SOP. The following
items are specific to this method:
ol Water MDL. Prepare seven (7) laboratory control samples in reagent water at concentrations of 1.0,

5.0 and 20 pig/L. Analyze per the above SOP.
oJ Soil MDL Prepare seven (7) laboratory control samples in sodlium sulfate at a concentration of 1.0

and 1 0.0 Itg/Kg. Analyze per the above SOP.
oJ Soil Medliuma Level MDL.. Prepare seven (7) laboratory control samples in sodium sulfate at a

concentration of 100 and 500 pg/Kg. Analyze per the above SOP.
Li Current MDL~s or this method are listed in the Analyte Summary Table.

12.2.2 IDenonstration of Capability (DOC), A DOC is required for each method prior to the use of this
method on environmental samples, when there is a change in instrument type, personnel or test method.
Refer to ELmployee Training, SOP~ for a coniplete procedure. The following items are specific to this
met h 0(:

o Water DOC. Prepare four (4) laboratory control samples inl reagent water at a concentration of 100
jag/L.

ol Soil DOC. Prepare four (4) laboratory control samples in sodiam siilIfate at a concentration of 100
p g/K g.

13.0 Corrective Action for Outlier Conditions
13.1I Corrective act ions for siturations whei e certain acceptance criteria have not been met are provided in the

Non-confonrnances and Corrective Action SOP' Corrective action is included for many situations,
in cliiding:

ol B F1 Tu'lne
O Initial Calibration - ICAL
• Initial Calibration Verification - ICV
rli CaIi brat ion Veri ficat ion (Initial) -CVi
Oi Surrogate Recoveries
Li Method 13lank(s)
o Laboratory Control Sample(s)
o Matrix Spikes

14.0 Data Reduction, Assessment and Reporting
14.1 IProcedures for the redtiction, assessment and validation of data generated by the use of this method are

detailed in LM P's Data Reduction and Review SOP~

1 5.0 Recordkeeping, Tracking and Archiving
15. IPIrocedu res for the keeping, tracking and archliving ofirinformation generated by the laboratory are deta Iled

in LM P's Document Control Procedure SOP.
1 5.2 I tems specific to this miethod are listed below.

EJ Initial Calibrations/IC Vs
oJ Reten ton lime Window Studies
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ol Demonstration of Capability Studies
Li Method Detection Limit Studies

o Reagent Logs
oi Daily Run Logs
D Daily Analytical Sequences
Li Raw Data - Extraction logs, Chromatograms, LIMS results

16.0 Preventive Maintenance
16.1 Preventive maintenance is a program designed to keep the performance of the instrument within acceptable

working parameters. The instrument is routinely inspected, monitored and maintained in order to prevent

costly down time.
16.2 Troubleshooting for the CC/MS is divided into discrete parts, allowing the analyst to independently assess

the performance of each particular component.
16.3 The CC/MS system is currently maintained under service contract with Agilent Technologies. When

service is needed, the vendor is phoned (800.227-9770) to open a service call.

16 4 When repairs are necessary, the equipment shall be taken out of service, repairs performed by either

trained staff or trained service engineers.
16.5 A maintenance logbook is maintained for this instrument which keeps a detailed log documenting the

preventive maintenance and repairs performed

17.0 Training and Training Validation
Policies and procedures for initial analyst training and followv-up verification of training are detailed in LMP's

Employe rann SOP.

18.0 Waste Disposal and Pollution Management
Policies and procedures for waste disposal are detailed in LMP's W aste Manaeement Plan SOP.

19.0 References
o- LMP's Definitions, Acronyms, Symbols and Abbreviations Policy

c0 Method 80008 Solid Waste Manual SW-846 - Revision 2 December 1996

Li Method 8260B Solid Waste Manual SW-846 - Revision 2 December 1996

o US Army Corps of Engineers - 'Shell for Analytical Chemistry Requirements' EM 200-2-3, I Feb 01

o National Environmental Laboratory Accreditation Conference (NELAC) Quality Systems Chapter 5

Revision 15 May 25, 2001

Thre Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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Table I

Equipment, Instrumentation and Apparatus

Itern Description Manufacturer Cat 4
0.5 iiL Hamilton Syringe Fisher 14-813-100
1.0 pL, lamnilton Syringe Fisher 14-824-20
5.0 p If lanmilton Syringe Fisher 03-391-15E
1 0 IiL1 I lanitton Syringe Fisher 03-391 -16E
Eppendori'Pipetior I10 p L to I100 pL Fisher 05-402-48
Disposable Pasteur Pipets 5" Fisher I13-648-6A
Gas Tight Syringe 10 m1L Fisher 14-823-16B
40 imL Septum Vials Clear QEC II 12-40M L
40 nl- Septumn Vials Clear QEC 11 12-20ML
2 niL Amber Vial/Cap/Septa Fisher 03-340-55D
2 miL Amuber Vial Insert Fisher 03-340-6B
Purge Trap K (3000) Supelco 24920-U
Ptirg'e Ti-a K SUPelCo 2-1066U

VOC System #1 Status
5890 CJC w/ 5970 CC/MS ~~I lewlett Packard Out of Service

VOC System #2
Varian 3900CGC with Saturn 2100'1 CCMS Varian In Ser vice
Encon lEST
Purge & Ti up ALutoSa nip cr Arc hon
Column
CP-7415 Cl' Select 624 03 DF =1.8

60tm X 0.32nmm II)

VOC System #3
5890 Series 11 CC w/ 5971 5CC/MS- I-lewleit Packard- In ~Service
LSC Pur-ge & Trap 3000 Tekmnar
PUrgeC & Trap AUtosampler Archon
ColtumnD R-V [~ RX S m X 0.25mm_ XI .4lt _____________ _ _________________

VOC Sy'stemn 44 ]__________in Service
58901 Series [ICGC w/ 5971 CC/MS Ihewlett Packard
LSC 2000 Puri]ge & Tr7ap TIekmrar ______________

Purge & Trap A utosanmp Ier Archon
Coiun muDh-V RX_50m_ X_0.25nmmX_ 1____4j____________

The Siandard Operating Procedurec has been prepared For the sole use of Lab Managemnent Partners, Inc.
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Table 2

Reagents/Solvents

Solvent Grade Manufacturer Vendor/CatU
Water Organic Free In-I louse Carbon Filter ________

Methanol Purge & Trap Fisher A4531I
Sodium Bisulfate c__________ Aldrich 307823
I lydrochloric Acid ____________ LabChemn LC]5130-3

Table 3

Certified Solutions

(All solutions provided in methanol unless otherwise indicated)

Standard II) Vendor Catalog U Concentration
Surr-Iogate ACCUStandard M-8240/60-SS-l0X 2,000 pg/ml-
Internal Standarld Accustandard M-8260-l S-lOX 2,000 pg/mL
Internal Standard/SUri-ogate Accustandard S-2978 2,000 pg/niL
BFI3Tune Accustandard CLP-004- I000X 25,000 pig/niL
Matrix Spike Accustandard Refer to ICAL/CV __________

Labo-1ratory Control Accustandard Refer to ICAL/CV

Calibration - ICAL/CV'7~
-Mix IAcrolemn& AcrylonmIrile Accustandlard M-603-IOX I10,000 pg/niL

Mix 2 Liquid Mix - Mod Accustandlard M-502A-R2-IOX 2,000 pg/miL
Mix 3 Gases Accustandard M-5021B-IOX 2,000 pg/mL

-Mix 4 Additions AccuStandard M-8260-ADD-I0X 2,000 ag/mIL
Mix 5 Appendix IX Accustandard M-8240C-1R6 -Varied
Mix 6 CuIstom VOC MIX Accustandard S-4306 2,000 pg/mL,
Mix 7 LMP Stock Solution

I Iexanec Fisher Neat 2000-4000 pig/mL
lI'ropyl Acetate Aldrich Neat 2000-4000 'tntI

-Tetrahydrofuran Aldrich Neat 2000-4000 pg/mL-
Furan Aldrich Neat 2000-4000 pg/mL

ICAL - Initial Calibration
CV - Calibration Verfifcation
I - CV solutions are ordered as a second source frou the ICAL solutions.
2 - Soluiiloll provided in water

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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Table 4

Intermediate Solution Dilution Schedule

Solutions listed here are made as intermediate solutions to be used in the preparation of a working standard for

instrument calibration/verification or for spiking solutions, which will be added directly to samples during preparation.

All solutions are prepared in methanol unless otherwise noted.

Standard ID Catalog 4 Volume Final Volume Concentration

Surrogate Mix M-8240/60-SS-IOX 1 mL 10 mL 200 pg/mL

Internal Standard Mix M-8260-IS-IOX I mL 4 at 500 pg/mL

Internal Standards/Surrogates S-2978 I mL- 4 mL 500 pig/mL

M ix _ _ _ _ _ _ _ _ _

BFB Tune CLP-004-IOOOX 100 pL 50 mL 50 pg/mL

Mix I Acrolein & M-603-IOX I mL 5 mnL 2,000 pg/mL

Acrylonitrile ______

ICAL/CV Solution I ICAL/CV Solution 2 100 alL 10 mL 20 ug/miL

ICAL/CV Solution 2
Mix I Acrolein & I mL 10 mL 200 [tg/ml-

Acrylonsirile _______

Mix 2 Liquid Mix -Mod M-502A-Pi2-IOX I mL 10 imL 200 ag/L

Mix 3 Gases' M-502B-IOX I ml0I rml- 200 pg/mL

Mix 4 Additions M-8260-ADD-IOX 1 mL I0 nl- 200 g/mL

Mix 5 Appendix IX M-8240C-R6 linil 10 rnL 200 pg/niL-

Mix 6 Custom VOC Mix S-4306 I nil- 10 niL 200 Pg/niL

Mix 7 LMP Stock Solution I niL 10nL200 pg/miL -

A p oN

H-exane Neat 200 pg/niL -

Ap-Lrox
Propyl Acetate Neat 200 pg/nmL -

Ap-Lrox

Tetrahydrofuran N eat 200 pg/nirL -

AProx

Furan Neat 200 pg/mL- -
____ ____ _ __ ____ ____ ____A prox

I- This mix is prepared fresh weekly.

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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Table 5

Solution Spiking Levels

Solution ID) Matrix Volume Nominal Final
_____ ____ ____ ____ ____ ____ ____ ____ __ _ ____ ____ Sample Size Concentration

Internal Standard' Water .IJ!I 10 rnL 50 V.g/L
Internal Standard' Soil I[L5 g 50 pg/Kg
Internal Standard/Surrogate' ael0m 0~t/

IntenalStanardSurogate' Soil I L5 g 50 pg/Kg
Laboratory Control2 Water 5 pl- 10 niL 100 Pg/L
Laboratory Control 2 Soil 2.5 pL 5 g I100 pLg/Kg
Matrix Spike' 2Water 5 pL 10nmL I100 pg/L
Matrix Spike 2 Soil 2 5 IiL 5 g I100 pg/Kg

2-Solution added by Archon autosampler
2 ICAL/CV SolUtion 2: 2O0ptg/moL

The Standard Operafing Procedurle has been prepared for the sole use of Lab Management Partners, Inc.
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Table 6A

Working Standards Dilution Schedule - Targets and Surrogates

Aqueous Calibration

(All standards diluted into water)

Solution ID Standard Volume Final Volume Concentration
ICAL/CV Solution I WS-l 0.25 gL 10 ml- 0.5 .tg/L

Surrogate Mix WS-l 0.25 lil 10 mL 5 [tg/L

ICAL/CV Solution I WS-2 0.5 paL 10 nmL I ptglL
Surrogate Mix WS-2 0.5 paL 10rmL 10 pag/L

1CAL/CV Solution I WS-3 2.5 paL 10 ml 5 pag/L

Surrogate Mix WS-3 1.0 paL 10 mL 20 gig/L

ICAL/CV Solution 2 WS-4 1.0 VL 10 ml 20 pg/L
Surrogate Mix WS-4 1.5 jpl- 10 ml- 30 pg/L

ICAL/CV Solution 2 WS-5 2.5 paL 10 ul- 50 pagYL

Surrogate Mix WS-5 2.0 paL 10 nl- 40 pg/L

ICAL/CV Solution 2 WS-6 50pL10 nl- 1 00 pig/L
Surrogate Mix WS-6 25pL10 mL 50 pag/L

ICAL/CV Solution 2 WS-7 6. L10 ml- 120 igIL

Surrogate Mix WS-7 30pL10 ml- 60 pg/L

ICAL/CV Solution 2 WS-8 7.5 pl- 10 rnL 150 pg/L

Surrogate Mix WS-8 3.5 pL 10 mL 70 pg/L

ICAL/CV Solution 2 WS-9 8.5 paL 10 ML 170 pag/L

Surrogate Mix WS-9 4.0 paL 10 ml- 80 pg/L

ICAL/CV Solution 2 Ws-Io 10 pL 10mrl- 200 .rg/L
Surrogate Mix Ws-Io 4 5 p 0 rnL 90 pag/L

Stanidards are monitored by comparisonito the initial calibration curve Fresh stanidards for the gases should be prepared
if the CV exceeds 20%. Standards for gases will usually need to bereplaced after one week. Other standards need to be
replaced per the manufactures recommended expiration date or if comparison to the initial calibration indicates a
problem.

ICAL/CV Solution I = 20pg/mnL
ICAL/CV Solution 2 -200pg/ml-

The Standard Operating Procedure has been prepared for the Sole use of Lab Management Partners, Inc
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Table 6B

Working Standards Dilution Schedule - Targets and Surrogates

Soil Calibration

(All standards diluted into water)

Solution ID Standard Volume Final Volume Concentration
ICAL/CV Solution I WS-l 0.25 Ill 5.0 nnL I pg/Kg
Surrogate Mix WS-l 0.25 ItL 5.0 mnL I0 pg/Kg

ICAL/CV Solution I WS-2 0.5 pl- 5.0 n-L 2 pg/Kg
Surrogate Mix WS-2 0.5 pl- 5.0 rnfL 20 pg/Kg

ICAL/CV Solution I WS-3 2.5 itL 5.0 ul- I0 pg,/Kg
Surrogate Mix WS-3 1.0 ItL 5.0 all 40 pg/Kg

ICAL-/CV Solution 2 WS-4 1.0 IIL 5.0 mL 40 pg/Kg
Surrogate Mix WS-4 1.5 itL 5.0 mLr[ 60 pig/Kg

ICAIL/CV Solution 2 WS-5 2.5 pL 5.0 nl- I100 jug/Kg,
Surrogate Mix WS-5 20 pl 5.0 ml- 80 pg/Kg

ICAL/CV Solution 2 WS-6 5.0 pL 5.0 mL 200 ptg/Kg
SUrro0gate Mix WS-6 2.5 pL 5.0 nml- I(0 pg/Kg

ICAL./CV SoLution 2 WS-7 6.0 pl- 5.0 nil- 240 pg/Kg
SUrrogate Mix WS-7 3.0 IiL 5.0 mnL 120 pg/Kg

ICAL/CV Solution 2 \VS-X 7.5 pl- 5.0 nl, 300 pig/Kg
Surrogate Mix WS-8 3.5 iLl 5.0 nmL 140 p/K'

ICAL./CV Solution 2 WS-9 8.5 ItL 5.0 nl- 240 ptg/Kg
SUlrrogate Mix WS-9 40 pl 5.0 nil- 160 'g/Kg

ICAL/CV Solution 2 Ws-0 10 pl 5.0 nL- 400 jvt/Kg
Surrogate Mix WS-l0 4.5 pl- 5.0 nnL 180 pg/Kg

Standards are monitored by comparison to the initial calibration curve. Fresh standards for the gases should be prepared
if the CV exceeds 20%,. Standards for gases Will Usually need to be replaced after one week Other standards need to be
rep laced per the muan ii lctures recomnmended expirnation dlate or ilfcomrparison to thle initial calibration indicates a
problem.

I CA L/CV So lut ion I = 20pltghilL
ICA L/CV Solution 2 = 200pg/ml-

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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Table 7

GCMS System Configurations

CC/MS System I
Out-of-Service

CC/M S System 2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Varian 3900GC Saturn 2100 ION Encon P & T Archon ALS
TRAP ____ _

MS Mass Range 35 - 260 arnu

MS Scan Time 0 47 secs/scan

MS Source Temp 150 0OC

TCC Injection Port 1400C Split Flow Soil
GC Detector Transfer Line 2000C
GC Column CP-Select 624
GC Tern Program _______

350C 6 minutes 80C/minute
220 0C 2 minutes Rurnime -31 Ominutes

Tekmnar Flow 40 mL/ninute 1 1.0 minutes
Tekniar Dry Purge 1.0 minute ____________

Te-krnar Desorb 250 0C 2 0 minutes

Tekimar Bake 2600C 10 minutes ________

Archon _ _ _ _ _ _ _ _ _ _ _ _ _

CC/M S System 3 _ _ _ _ _ _ _ _ _ _ _

HP 5890 Series 11 CC HP 5971 MS Tekmar 3000 P&T Archon ALS
MS Mass Range 35 - 260 amu
M~fS Scan Time 0. 6- 2 sees/scan _____________

MS Source Temp _________

GC Injection Port 2000C Split Flow

-CC Detector Transfer Line 2800C _________

CC Column DB-VR-X Flow _ ____

CC Tern ProgramI
45oC 1 minutes 200C/minute
225oC 7 minutes 200C/niinute
235oC 4 minutes Runtime = 21 5 min

Tekmar Flow 40 mL/minute 11.2 minutes ________

Tekmar Dry Purge 2.0 minutes ____________

Tekmar Desorb 2500C 2.5 minutes
Tekmar Bake 2600C 6 minutes ________

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, [inc
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Table 7 cont.

GCMS System Configurations

CC/MS System 4 _ _ _ _ _ _ _ _ _

liP 5890 Series 1I CC lHP 5971 MS Tekmnar 2000 P&T Archon ALS
MS Mass Range 35 -260 arno___________
MS Scan Time 0.6 -2 sees/scan
M S Source Temnp _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

CC Injection Port 200 0C Split Flow
CC Detector 2800 C _____________

GC Column DB3-VRX Flow ______

GC Temrp Program _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

4OoC I minutes 20 0 C/minute
200oC 0 minutes I 00 C/minute
225oC 4 minutes Runtime = 16.5 rni

Tekmiar Flow 40 mL/mninute 11.2 minutes
T-~ekjnm Dry Purge 2.0 m111intes
Tekmiar Desorh 2500C 2.5 minutes
Tekniat Bake 2600C 6 mninutes

The Standard Operating Procedure has been prepared for thle sole use of Lab Management Partners, Inc.
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Table S

BFB m/z Evaluation Criteria

EFE '4-BC'-flFLUOROBENZE-NZ- MASS INTSNSITY CRITERIA'

z ~~~~Reocined Intentoy (retatwe aouncance4

§3 Ifl~11 oA40% d rnz9
-: ~~~30 ovu3 tnz

O~~~l ~Base peak, IN0% relatvve abundance
§0 O~~~~to9% of njz 9
~~7 Le~~~sa than 2% of nYz 174

ti74 Ceater tha. §50%, of mrz 93
175- 0 to 9% of nniz t74
570 Greater 'ham 9,% t~ut tess than 101% of,- rw: 574
577 5 .c9%.ofmnnrSO7

Ate-rae tun rg crteria mnat be use,, .~g CLP %Vetnod 624I 2 or ranu'a1ctare-'t
inazucticisj p'nwdec rhaM m ethd perto'mance a m:averasly aKeec~e
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Table 9

Summary Quality Objectives

Summary of Measurement quality objectives for Method 82608 Volatiles

Quality control Target Analyte / Surrogate Poor Performance /Sporadic
element Marginal Failures'
Initial Calibration Inustrumnent Evaluation: No Allowance

Sl'CC's: minimum REF values per method requirement
Evaluation:
CC:s: verify %RSD 30%

Primary Evaluation (all target analytes)t No Allowance
r 0.995, %A RSD 15%, .2 0.990

Alternative Evaluation:
Aliernative Evaluation: Maximum allowable %RSD for
Mean %RSD for all target analytes 15%, with each individual target analyte
maximum allowable restriction noted at right for 40%A
individual analytes.

ICV 'X, Rec = 90%A - 120%, No Allowance

CCV Instrument Evaluation. No Allowaince
SPCC's: minim urn111 RIF valUes per method requirements

Pri imary Evaluation (CCCs).
%YD 30%X (USCOE: %D) 20%Y,) No Allowance

MB1 Tareet Analytes: Common Lab Contaminants:
Analytes < one-half MRL Analytes < MRL

LCS Waler & Solids- Refer to A na lyte Summnary Table SPoradic Marginal Failtiresi
% Rec = 60% - 140%,

Ms Water & Solids: Refer to Analyte Summary Table Sporadic Marginal Failures':
% Rec = 60% - 140%,

MSI)/MD Water: RPD 30%, Water: RPD 40%
Solids: RPD No RPD limits Solids: No RPD Limits

Surrogates VA Interference-Free Mairix Sporadic Marginal Fai[lures1 :
Water & Solids: Refer tn Anailyte Summariy Table Water:

% Rec =15% - 150%
Solids:
D/ Rec - 20%X - 150%,

'Ile nuober ort sporadic naigiiiai fafliec (SM17) alliowances depends upon (le nunibei oftargci analyics reported fotni the analysis. Fort insiance. if
ie XI , 'I IIi iSt ofI ta gel 65 eoC"I q...po I'iiid is epo...ied 110111 hle CC/Ms 1ii.. I. zyi, hen 5 SM]"s ae allowed 1o thec expanded cnieia preseitied toe hle LeS. If
lie Ms includ. es onl Iy a sobsei t ,fe..oiti....uiids and foe1 Sanogaics. aillo% uip 'io I SMIf , (liits QC elciteni
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Appendix A

#1 - Notification Form of Method 5035
#2 - GC/MS Volatile Daily Run Log
#3 - GC/MS VOC Method 8260B Sequence Check List (SW-846
#4 - Initial Calibration (Form 6)
#5 - Characteristic Masses (inlz) for Purgeable Organic Compounds
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Figure 1 - Notification Form of Method 5035

Date

Contact Name
Company
Address
City, State, Zip

Project Location:
Project Number:

Dear Mr.
T[his has been generated to inform you of the fact that SW-846 Method 5030A for the analysis of volatiles in soil is no
longer ain approved method. T'his method has been deleted fromn SW-846 and has been replaced by SW-846 Method
5035.

While this method has been deleted firom the Solcid Waste Manual, it continues to be recoga ized and required by various
slate aind government agencies.

IThe sole put pose of this letter is to dcOumenot (lhe notification of this method change anti does not address the validity or
acceptability of this method change.

P1 ease call onUr laboratory itf YOUi havxe any quest ions.
Sincerely,

Nathan A. Pera
Project Manager

Client Not ified []Yes []No Date notified: ____________

Remarks:

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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Semnivolatile Organic Compounds by GC/MS

Using SW-846 Method 8270C

Prepared by: ________________

Michael Kauffman, Technical Director

Approval: ________________

Scott McKee, President
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1.0 Scope and Application
1.1 This method is used to dletermnine semi-volatile organic compounds in extracts prepared from a variety of

waste matrices including ground water, soils, sediments and miscellaneous wastes.
1.2 Method 8270C can be used to quantitate most neutral, acidic, and basic organic compounds that are

soluble in methylene chloride or 1: I nethylene chloride-acetone and capable of being eluted without
derivatization as sharp peaks from a gas chromatographic fused-silica capillary column. Such compounds
include polynuiclear aromatic hydrocarbons, chlorinated hydrocarbons and pesticides, phithalate esters,
organophosphate esters, nitrosamnines, haloethers, aldehydes, ethers, ketones, anilines, pyridines,
quinolines, aromatic nitro compounds, and phenols, including nitrophenols. See Table I of this SOP from
SW-846 Method 8270C for a list of compounds and their chAracteristic ions.

1.3 The following compounds may require special treatment when being determined by this method:
1.3.1 Benzidine may be subject to oxidative losses during solvent concentration, and poor

chromatographic peak shape.
1.3.2 Under the alkaline conditions of the extraction step, a-BH C, g-Bl IC, Endlosulfan I and II, and Endrin

are subject to decomposition. Neutral extraction should be performed if these compounds are expected.
1.3.3 I lexachlorocyclopentadiene is subject to thermal decomposition in the inlet of the gas

chromnatograph, chemical reaction in acetone solution, and photochemical decomposition.
1.3.4 N-nitrosodinmethylanine is difficult to separate from the solvent under the chromatographic

conditions described.
1.3.5 N-nitrosodliphenylanine decomposes in the gas chromatographic inlet and cannot be separated from

li ph enyl ainon.
I1.3.6 Pentach lorophienol, 2,41-clin trophenolI, 4-ni trophenol, 4,6-dtn i rro-2-miethiyl phienol, 4-cliloro-3-

miethylphentol, benzoic acid, 2-nitroani line. 3-nitroani line, 4-chloroaniline, and benzyl alcohol are
subject to erratic chromatographic behavior, especially if the GC systemn is contaminated with high
boiling material. ijet elion port maintenance is critical in maintaining response for these compounds.

1.3.7 Pyridine may perform poorly at the GC injection port temperatuies listed in the method. Lowering
the injectioci port temporaltore may reduce the amount of degradation. Additional yenification standaids
need to be analyzed when modi lying the injection poit temperature as the performance ofrother anialytes
may be adversely alfected.

1.4 LM P, Inc. reporting limits are based on project specific requii ements. Reporttng limits are based on the
following (#I being the defalti It:

I. The lowest point in the Initial Calibration Cuirve For- a particular analyte (PQL)
2. Method Detection Limit factored for- the appropriate matrix and sample size (SQL).
3. The lowest calibration standard that is no lower than 10 timecs the standard deviation as determined in

the MI)L study (MQL)
0 PQL - Practical Quantitation Limit
EJ SQL - Sample Quantitation Limit
D MQ L - Method Quantitation Li mit

1.5 Appendix A #5 contains a recent initial Calibration that shows the current list olfTarget Anialytes for this
nwthod.

2.0 Summary of Method
2.1I Samples are to be prepa red uasiong one of the following sample preparation methods:

Method Matrix Extraction LMP SOP
351I0C Water L iq 0id/L.iq u ic Separatory Funnel Liquid-Liquid

____ ___ ___ ___ ____ ___ _ _ ___ ____ ___ ___ ___ Extraction M ethod 35 10C
3540C Solid Soxhlet Soxhlet Extraction Method 3540C
355083 Solid Ultrasonic Extraction Ultrasonic Extraction Method 35508B-
3580A Misc. Waste Waste Dilution Waste Dilution Method 3580A

The Standaird Operating ProcedUre has been prepared for the sole use of Laboratoy Management Psartners, Inc.
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2.2 Identification of target analytes is accomplished by comparing their Retention Time and Mass Spectra with
the spectra of standards analyzed under the same conditions as the samples. Quantitation is accomplished
by comparing the response of a major (quantitation) ion relative to an internal standard with a minimum
five-point calibration curve.

3.0 Interferences and Potential Problems
3.1 Solvents, reagents, glassware and other sample processing hardware may yield artifacts of interferences to

sample analysis. All these materials must be demonstrated to be free from interferences under the
conditions of the analysis by analyzing method blanks. Specific selection of reagents and solvents may be
necessary.

3.1.1 Phithalate esters contaminate many types of products commonly found in the laboratory. Plastics, in
particular, must be avoided because phthalates are commonly used as plasticizers and are easily
extracted from plastic materials. Serious phthalate contamination may result at any time if consistent
quality control is not practiced.

3 I 2 Glassware contamination can result in analyte degradation: Soap residue on glassware may cause
degradation of certain analytes. This problem is especially pronounced with glassware that may be
difficult to rinse. These items should be hand-rinsed very carefully to avoid this problem. Chromic acid
that is not completely rinsed will cause similar problems with analyte degradation and should be
carefully rinsed to avoid this problem. Refer to Organic Laboratory Glassware Cleaning SOP

3 2 The most common source of interference is from the solvents and reagents used during the preparation
steps Reagent and solvent purity must continually be monitored through the extraction and analysis of

Method Blanks
3.2.1 Contamination by carryover can occur whenever high-concentration and low-concentration samples

are sequentially analyzed. To reduce carryover, the sample syringe must be rinsed out between samples
with solvent. Whenever an unusually concentrated sample is encountered, it should be followed by the
analysis of a solvent blank to check for cross contamination.

If cross-contarmiation is a potential and samples following a high level sample are positive for
Target Analytes, these samples should be reviewed for possible cross-coantaination. Baking out the
column between analyses may eliminate some contamination. Changing the itjector liner will also
reduce the potential for cross-contamination. A portion of the analytical column may need to be
removed in the case of extreme contamination or noted degradation in system performance.

3.2.2 1-ligh concentration samples present additional problems within the extraction lab Glassware must be
scrupulously cleaned in order to prevent cross-contamination Organic Laboratory (ilassware Cleaning
SOP must be followed.

3.2.3 Carrier/Purge Gas - Zero Grade I eicumt
In order to minimize problems associated with contaminated high pressure tanks, the following precaution must

be taken
Li Each system must have a dedicated high-pressure tank and regulator This isolates each system and

minimizes the chance of a single tank affecting more than one(l) instrument.
ol LMP, Inc. has negotiated with our gas supplier, NexAir, to provide ultra clean, aluminum tanks. These tanks

are individually labeled and are only used by LNIP, Inc. In addition, a check valve is installed in each tank
that will not allow use below 300 PSI.

Li The analytical baseline is to be monitored daily for the presence of hydrocarbons which may indicate
potential gas contamination. The high-pressure tank is to be replaced and returned to NexAir at thie first sign
of contamination.

4.0 Equipment and Apparatus
4.1 Glassware. Volumetric flasks, Class A (assorted sizes)
4.2 Miscellaneous. Eppendorf pipette, pL syringes (assorted sizes).
4.3 Equipment: Table 2 lists the current analytical systems and conditions.

4 3 I Instrument/Equipment #1
4.3.1.1 Instrument Maintenance Schedule and Requirements
4.3.1.2 Maintenance Logbook
4.3.1.3 Daily Maintenanice

The Stanidard Operating Procedurte hasbeen prepared for the sole use of Laboratory Manaigemniit Paritners. !nc.
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4.3.1.4 Weekly Maintenance
4.3.1.5 Monthly Maintenance (Refer to Table 6, Maintenance Checklist)

4.4 A ChemStation for data acquisition controls each instrument. Raw data is uploaded to the NT Target
Server for processing using Target and Envision software. A EPA/NIST Mass Spectral Library is available
for the reporting of Tentatively Identified Compounds when requested by the client.

4.5 Mass spectrometers are each capable of scanning from 35 to 500 amnu every 2 sec or less. The mass
spectrometer is be capable of producing a mass spectrum for flecafluorotriphenylphosphine (DFTPP)
which mneets all of the criteria in Table 4 when S0 ng or less of the GC/MS tuning standard (DFTPP) is
injected through the GC Refer to Table 2.

4.6 Volumletric flasks - Class A - Appropriate sizes with ground-glass stoppers.
4.7 Volumetric Pipettes - various volumes used for dilution.
4.8 Analytical Balance capable of weighing O.OO0 Ig.
4.9 Bottles - Amber glass with Teflon lined screw caps.
4.10 Autosanmpler syringes: 5pL and IlOgL I lamilton or equivalent
4.11 Volumetric Pipettes - Class A, various volumes used for dilution.

5.0 Reagents and Standards
5.1 Policy.

5.1.1 Reagent grade chemicals shall be used in all tests. Unless otherwise indicated, it is intended that all
reagents shall conform to thie specifications of the committee onl Analytical Reagents of the American
Chemical Society, where Such specifications are available. Other grades may be used, provided it is first
-ascertained that the reagent is of s~ii icien tly high purity to permit its use without lessening the accuracy
of.the deter in at ion.

5.1I.2 All reagenits/solventis/standcardis must be traceable using thle Solution Validation Quality Assurance
program (SVQAP).

5.2 Sol ttions and Standards are li sted here at tlimes its ing gener ic labeling (e.g., WS-[I, I STO I) to allow the
aimalyst to fbi low thle preparat ion of'sol ttions. All sol titions and standards wvill be uniquely identi fled and
labeled as detai led in the following sections,

5.3 All reagents/solvents/standards must con form to thie specifications of the Committee onl Analytical
Reagents cifthe Ameriican Chemincal Society, where such specifications are available. Refer to Table 3 A for
a list of current solvents and rea1gents used.

5.4 All standards Should be PUr-chIsed as Certfified Solutions
5.5 When a Ceri ied Sol ut ion is not avail atlI, then the aimalyst iMust prepare the stock solution fromi a

reference material of known piirity using the procedures detailed in the Reaet adStnadotiin
V al idati on Progamn.

5.6 Secondary dilution standards - Using stock standard solutions, prepared in the appropriate organic solvent,
secondary diilution standards contain ing the coiiipounds of interest, either singly or mixed together.

5.7 Secondary dilution standards mist be stored with mini malI headspace and should be checked frequently for
signs of dlegradation or evaporation, especially julst prior to preparing calibration standards from them.
These standards can be stored for 6 months tinless comparison to previous standards indicates potential
degradation.

5.8 Stock Certiflied Soltitions - These solutions are ptirchased as Certified Solutions from an outside source.
Each solution is accompanied by certi ficat ion data onl the purity, precision, and traceability of the solution.
la'abe 3 B lists the currently used Certiftied Solutions for this method.

5.9 Stock Standard Solutions - Somle standards many be prepared in-house using procedures as detailed in SOP
Reagent and Standard Solutions Validation.

5.10 Internal Standlard Solution (e.g., IS'llJ I) - This standard is added at the same volume to all standards and
samples (QC and envi ronnientua ). Internal standards used are I1,4- Dichlorobenzene-dl(4), naphthialenle-d(8),
aceniaphthene-d( It)), plienanrthrene-d( 10), chrysene-d( 12) and perylene-d( 12). Table 3131 lists thie current
solution.

5.1 1 (;C/MS Tuninug Standard (e.g., DFTPP I . . This standard contains 50ing/pLl of
l)ecaifliorotri pheniylphios~phii e (D FITPP), 4,4'-DDlT, pentach lorophenol and benzidine to verify time
ci iteial, injection port inertness andte GC coltain performance. Table 3B lists the current solution

The Standard Operating Pi ocedure has been prepared for the sole use oftLaboratory Management Partners, Inc,
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5.12 Calibration Standards (e.g., WS-l, WS-2) - A minimum five calibration standards (per analyte) at five

difference concentrations. At least one standard should correspond to a sample concentration at or below

that necessary to meet project data quality objectives. The remaining standards should encompass the

working range of the GC/MS system. All quantitatively reported analytes must be included in the

calibration standards. Table 3E details the Working Standards currently used. Surrogate standards are

included in the calibration standards.

5.13 Surrogate Standards (e.g., BNSI, AESI) - These solutions are added to all samples prior to preparation.

Surrogate Standard preparation is listed in Table 3C. The surrogates used in this method are phenol-d(6), 2-

fluorophenol, 2,4,6-tribromnophenol, nitrobenzene-d(5), 2-fluorobiphenyl and p-Terphenyl-d(l14). Surrogate

Standard spiking volumes and concentrations are listed in Table 3D.

5 14 Laboratory Control Solution (e.g., BNLCSI, AELCSI) - This standard contains all target analytes of

interest for samples in a particular extraction batch and is added to a clean matrix (i e. Blank Spike) to

monitor overall method performance. Laboratory Control Standard preparation is listed in Table 3C.

Spiking volumes and concentrations are listed in Table 3D.

5.15 Matrix Spike Solution (e.g., BNMSI, AEMSI1) - This solution contains all target analytes of interest for

samples in a particular extraction hatch and is added to aliquots of sample (MS/MSD) to monitor sample

matrix effects. Matrix Spike Solution preparation is listed in Table 3C. Spiking volumes and concentrations

are listed in Table 3D.

Note: The Organic Instrument Lab analyst prepares all spiking solutions used in the Organic Prep

Lab. All solutions are documented in the Organic Instrument Lab Reagent Reference Log and

Standard Reagent Log.

6.0 Sample Preservation and Containers

6.1 As a rule, LMP, Inc. does not engage in sampling activities. However, each analytical method has specific

container and preservation (chemical and/or temperature) requirements. LMP's Samp~le Login _procedures

SOP for container, preservation, and storage protocols

6.2 oInlding Times
6.2.1 I-olding Time for extraction is defined as the number of days from Sample Collection (e.g. Sample

Date) to extraction.
6 2 2 1-bolding Time for analysis is defined as the number of days from Sample Extraction in the

laboratory to date injected/analyzed by the instrument.

6 3 Store sample extracts at -10 0OC, protected from light, in sealed Teflon lined autosamnpler vials

7.0 Procedure
7.1 Samples are extracted pri or to GC/MS analysis using one of the methods listed in Section 2.0:

7.2 CC/MS System Operating, Conditions
7.2.1 Operating conditions for the Semi-Volatile systems are provided in Table 2

7.2.2 Injection port maintenance is performed on a daily basis prior to beginning the analytical sequence.

All maintenance performed is documented in the appropriate system Maintenance Log.

o Replace injection port liner.
oi Replace iijection port seal.

Li Replace injection port septa.
LI Clip approximately I to 2 inches of column/guard column.
ol This step can potentially cause a shift in retention times.

o The System Trune Standard must be monitored for any shift in retention times.

Li Change all autosampler rinse solvent reservoirs.

o, Bake CC at 3250 C for a minimum of I hour.
Injection port maintenance should be performed as early in the morning as possible to allow the CC

to bake for as long ats possible pr ior to beginning the analytical sequence.

7.3 CC/MS System Tune
7.3.1 Each CC/MS system must be hardware-tuned to meet the criteria in Table I for a 50 ng injection of

DFTPP I (IlpL injection of the DFTPP standard). The following approaches may be used to evaluate

thre DFTPP peak against the cr iteria in Table 4

7,3,2 A single scan may be taken (within 3 scans on either side of the apex) and evaluated

The Standard Operating Procedure has been prepared for the sole use of Laboratnory Management Partners, Inc.
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7.3.3 Three scans (the peak apex scan and the scans immediately preceding and following the apex) are
acquired and averaged. Background subtraction is required, and must be accomplished using a single
scan acquired no more than 20 scans prior to the elution of DFTPP. The background subtraction
should be designed only to eliminate column bleed or instrument background ions. Do not subtract
part of the DFTPP peak.

7.3.4 Use the DFTPP mass intensity criteria in Table 4 as tuning acceptance criteria. Alternatively, other
documented tuning criteria may be used (e.g. CLP, Method 525, or manufacturer's instructions),
provided that method perfomnmnce is not adversely affected.

All subsequent standards, samples, MS/MSDs, and blanks associated with a DFTPP analysis must
use the identical mass spectrometer instrument conditions (DFTPP Tune File).
Analyses Must not begin until tune criteria are met. The Target software will evaluate the DFTPP
Spectra. Minor adjustments may need to be made to the acquisition DFTPP Tune File or as an
option, the analyst may run Target Tune for DFTPP to help properly configure the Tune File. Only
the Laboratory Supervisor may perform adjustments to the Tune File.

7,3.5 The CC/MS tuning standard solution is also used to assess GC column performance and injection
port inertness. Degradation of DDT to DDE and DOD should not exceed 20%. (See Sec. 8 0 of
Method 8081 for the percent breakdown calculation). Benzidine and pentachlorophenol should be
present at their nor mal responses, and no peak tailing should be visible. The Target software
calculates peak tailing factors and breakdown. The acceptance criteria for the peak tailing factor for
Benzidine is <3.0 and Pentachlorophenol is <5.0.

7.3.6 If degradation is excessive and/or poor chromatography is noted, then additional injection port
maintenance is required. It may also be necessary to break off the first 6-12 in. of the capilIlai-y
C oIL ti1m/gti a id CoIUn 1fl.

7.4 Initial Calibration
7.5 Prior to initial Calibration, it is highly recommended that Cull system) maintenance be performed. TI)is

includes venting the system and a complete source cleaning.
7.6 performing Initial Calibrations is ain expensive and vital procedure. If the system is not operating properly

lor the Canalysis o l'standards, it will not he possible to generate qualIity data during the analysis of samples.
Make sure the analytical systemn is optimized prior to Initial Calibration.

7.6.1 Inject IjtL of WS-7 (containing internal standaids) and tabulate the area of the primary characteristic
ion again1st concentration for each Tlarget A nalyte. If interferences are noted, use the next most
intense ion as the qliani~titation ion.

7.6.1.1 At this timie,the WS-7 stzlandardshiould be processed againist thie most recenitChemiServer BNA
method prior to the Canalysis of all Working Standards. (This level will be used for daily calibration
verification.) This standard should be quantitated as a sample that includes spectral graphics for all
Target Analytes.

This q uaintitatlive/qual itat ive report shottld be reviewed for:
at. Pal se Negatives - If the method does not detect all Target Anatlytes in this standard, the method needs to

be adjusted. (Check expected retention times, retention time windows, qualifier ion ratios).
b. False Positives - Review the quant report to ensure that all analytes have been correctly identified

particularly those that are structural isomers.
c. Shifts in expected retention times. The quiant repori shows a Delta RT for all analytes. Evaluate any

major shifts.
d. Spectral Quality - Due to the large number ofT"Iarget Analytes, spectral overlap is a possibility,
particular ly ats at columon ages. Analyte spectra should be compared to NB35 library spectra ats a means of
identifying overlap. The spectrum from WS-7 should be reviewed for use as the method reference mass
spectrum in the qualitative analysis.
e. Compare response to previous calibrations. Play particular attention to the SPCCs and CCCs.
f. Review general chromatography.

Initial Cal ibrat ion is not to proceed Luntil the analyst feels confident that the instrumient/miethod will perform as
expected. Any questions or concerns should be addi essed to the Section Supervisor.

The Standard Operating Priocedure has been prepared for the Sole use of Laboratoiy Management Partners, hInc.
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7.6.1.2 Inject I p1t of WXS-1I (containing internal standards) and tabulate the area of the primary
characteristic ion against concentration for each Target Analyte. This standard represents the lowest
possible reporting limit (PQL). This standard is quantitated as a standard using a summary report

This quantitative/qualitative report should be reviewed for:
a. False Negatives - If the method does not detect all Target Analytes in this standard, the method needs to

be adjusted.(Check expected retention times, retention time windows, qualifier ion ratios).
b False Positives - Review the quant report to ensure that all analytes have been correctly identified
particularly those that are structural isomers.

Initial Calibration is not to proceed until the analyst feels confident that thle instmument/method will perform as
expected. Any questions or concerns should be addressed to the Section Supervisor.
If acceptance criteria have been met, the analyst may now analyze the full range of working standards.
7 6 2 Calculate response factors (RE) for each compound relative to one of the internal standards. The

internal standard selected for the calculation of the RF for a compound should be thle internal
standard that has a retention time closest to the compound being measured. The RE is calculated as
follows:

7.6.3
RF = (A(x)CQis))/(A(is)CQx))

where:
A(x) - Area of the characteristic ion for the compound
being measured.
A(is)- Area of the characteristic ion for the specific
internal standard
C(is)- Concentration of the specific internal standard.
CQx) Concentration of the compound being measured.
The Target Software will calculate and generate an Initial Calibration Report which will summarize
the Response Factors and %RSD for each of the Target Analytes.

7.6.4 System Performance Check Compounds - SPCCs
A system iperformiance check must be made before the calibration curve is validaited The SPCCs are
used to check compound instability and to monitor for degradation caused by contaminated lines or
active sites in the system.
The Response Factor for thle SPCCs must meet the following cr iteria.

SPCC Minimum RIF

IN-Nitroso-di-n-propylamine 0 050
1 lexachloricyclopentadiene 0.050
2,4-Dinitrophenol 0.050
4-Nitrophenol 0 050

These SPCCs typically have very low RBs (0. 1-0.2) and tend to decrease in response as the
chromatographic system begins to deteriorate or the standard material begins to deteri orate They are
usually the first to show poor performance. Therefore, they must meet Ithe minimhyum requirement in
order to validate the Initial Calibration.
If the minimum response factors are not met, the system must be evaluated and corrective action must
be taken before sample analysis begins. Possible problems include standard mixture degradation,
injection port inlet contamination, contamination at the front end of the analytical column, and active
sites in the column or chromatographic system. This check must be miet before sample analysis
begins.

7.6.5 Calibration Check Compounds - CCCs
7.6 5 1 The purpose of the CCCs is to evaluate the calibration forom the standpoint of the integrity of the

system. High variability for these compounds may be indicative of system leaks or reactive sites on
the column.

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management Partners, Inc.
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7.6.5.2 Using the RRFs from the initial calibration, calculate and record the percent relative standard
deviation (%RSD) for all compounds. %RSD is calculated as follows:

rRF,
mean RF RFF- nso -

n ~~~~~ni

RSD - ~'iOO10

RH = RF for each of the calibration standards
R F = mean RF for each compound from the initial calibration
n = number of calibration standards

7.6.5.3 'rhe RSD for each CCC mtis be less than or equal to 30%. The CCCs are as follows
Base/Neutral Fraction Acid Fraction
Acenaphtherie 4-Chloro-3-methylphenol
I1,41-Dichloroberizene 2,4-D~ichloroplienol
Illexachlorobutadiene 2-Nitrophenol
Diphenlylarnine Phenol
N-Nitrosodiphenylaminiie pentachlorophenoil
Di-n-octyl philhalate 2,4,6-Trichloiopheriol

ltioaranthenle
Benizo a prene

If the RSI) of any CCC is greater than 30A, then the chromatographic system is too reactive fort
,analysis to begin. Inject ion port mnaiintenance shon ld be performed, the system re-evakI ated and re-
calibration perfCormcd.

7.6.5.4 The RSD for all other analytes must be less than or equal to I15% to use the average RF
Cal ibrat on opt ions for those manziytes withXRSI) greaiter than I 5% are listed be low

7.6.5.5 Method 8000, Section 7.0 details several calibration options for anialytes with %IRSD > 15%X.
Option I: Review thle results (area counts, calibration or response factors, and RSD) for those anialytes

to ensure that thie problem is not associated with just One of the insitia calibration standards. If the
problem appears to be associated with a single standard, that one standard may be re-analyzed and
thie RSD recalcuti aed. Replacing thle standard may be necessary inl some cases.

Option 2: Nar row thle calibration range by eli innat ing one or more of Ilow/high calibration standards.
If linearity canl be achieved uising a narrower calibration range, document the calibration linearity,
and proceed with analyses. The changes to the tipper end of the calibration range will affect the
need to dilute samples above the range, wvhile changes to thle lower end wilt affect the overall
,sensitivity of the medthod. Consider the regUlatory limi ts or act ion levels associated wvith the target
anldyteS When adju Lstin~g thle lower end of thle range.

Note: The method quantitation limit is established by the concentration of the lowest standard
analyzed during thle initial cal ibrati on. II ence, narrowing the calibration range by changing the
concentration of the lowest standard will, by definition, change the method quarnti ation limit.
When the purpose of the aim lysi s is to demnonstrate compliance with a speciftic regulatory limit or
act ion level, the aimalyst must ensure thiat the method quarntitat on limit is at least as low as the
regulatory limit or action level.

Option 3: If thie R SD of the calibration or response factors is greater than I 5% over the calibration
range, then linearity throuLgh thle origin cannot be assumed. If this is the case, thle analyst may
ei]ploy a regress ion equation that does noI firre /through the rigin. This approach may also be
employed based onl past experience offthe instrument response. This is most easily achieved by
performing a linear regress ion of the instrument response versus the concentration of the
standards. Make certain that the insltrument response is treated as the dependent variable (y) and
thle concentration as thle independent variable (x) This is a statistical requirement and is not simply
a graphical convention.

Thie Standarqtd Operating Procedure has been prepared for the sole use of Laboratory Management partners, Inc
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The analyst should not force the line through the origin, but have the intercept calculated from the

data points. In addition, do not include the origin (0,0) as a calibration point. The use of a linear
regression may not be used as a rationale for reporting results below the calibration range
demonstrated by the analysis of the standards. The regression calculation will generate a
correlation coefficient (r) that is a measure of the "goodness of fit" of the regression line to the

data. A value of 1.00 indicates a perfect fit. In order to be used far quantitative purposes, r' must
be greater than or equal to 0. 990.
The curve may also be used, employing a quadratic response. R 2 must be greater than or equal to

0.995. Historically, typical semi-volatile analyses performed have met the 15% RSD or 0.995
criteria. If the Initial Calibration for these typical analytes cannot be met, that means that there is a

problem with the instrument and corrective action must be taken prior to re-calibration.

7.6 5 6 The Target Software will calculate and generate an Initial Calibration Report that will summarize
the Response Factors, %RSDs and/or r values as applicable for each of the Target Analytes.

7.6.5.7 Initial Calibration Report must be reviewed and signed by the analyst, and the Section
Supervisor, and the QAO) prior to the analysis of samples.

7.6.5.8 Initial Calibration Verification (ICV)
The ICy is a mid-range standard containing all target analytes, prepared forum a source other than
the initial calibration standards. The ICV must meet DCVS criteria, prior to the analysis of
samples. The ICV is usually analyzed immediately following an initial calibration.

7.7 Calibration Verification
Calibration verification consists of several steps that are performed at the beginning of each 12-hour
analytical shift, Acceptance criteria must be met prior to the analysis of anly samples.
7.7.1 Perform injection port maintenance as per Section 7.2.2.
7.7.2 Per form GU/MS Tune as in Section 7.3
7.7.3 Analyze Daily Calibration Verification Standard (DCVS). Analyze standard WS-7 (50 ng~tl_), used

in the initial calibration.
7.7.4 Evaluate SPCCs for minimum RE of 0 050 as in Section 7.6.4. If the minimum response factors are

not met, the system must be evaluated, and corrective action must be taken before sample analysis

begins. Possible problems include standard mixture degradation, injection port inlet contamination,
contamination at the front end of the analytical columni, and active sites in the columin or

chromatographic system. Re-anialyze the DCVS These criteria must be mnet before sample analysis
begins.

The Standard Operatng Procedure has been pr epared for the Sole use of Laboratoriy Management Partners, Inc
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7.7.5 Evaluate CCCs listed in Section 7.6.5. Use percetnt difference when performing verification for
average response factors.

%DdferenCe c, tr RF., -7

Diffrenc ~- C-F 100 Dr'F100

where CIF and RIF are the calibi-ation factor and the response factor (whichever applies) from the
,analysis of the verification standard, and CIF and RIF are the mean calibration factor and mean response
factor from the initial calibration.

7.7.6 The percent difference/drift for each CCC must be less than or equal to 20%. If the criterion is not
met (i.e., greater than 20% difference or drift) for any one CCC, then corrective action must be taken
prior to the analysis of samples. I f the CCCs are not included in the list of analytes for a project, then
all analytes rust meet the 20% difference or dr ifit criterion.

7.7.7 Problems similar to those listed ttnder SPCCs could affect the CCCs. If the problem cannot be
coniected by other measuies, a new initial calibration must be generated. The CCC criteria must be
met before sample analysis begins

7.7.8 Internal standard response - If thie EICP area for any of the internal standards in the calibration
verification standard changes by a factor of two (-50% to +100%) from that in the muid-point
standard level of thle most recent initial calibration sequence, the mass spectrometer rust be
inspected for malfunctions and corrections must be made, as appropriate. When corrections are
made, reanalysis of samples analyzed while thie system was malfunctioning is required if necessary.
(For example, re-aim lysis may not be required if the internal standard response is greater than 1000/)
but the aissociated target analytes are not detected. This evaluation must be documented in the result
package.)

7.7.9 For all other tai get ana lytes the 'A difference shoulId be 530%. Certain reactive compounds (i.e.,
benzid ine, bcnzoic acied) should be S3 5%,.

7.8 GC/MS Analysis of Samnples - (iC/MS Analytical Sequence
7.8.1I A copy of the Extract ion Log accompanies samples extracts forom the Organic Prep Lab. Thie form is

provided in Appendix A #3. Review this log for notes concerning anything encountered during
extinact ion thaet may a ffect results Or reporting limits (e.g., initial sample size reduction, adj ustnient of
final volume above I .0inl, problems Such aIs emoulsions)

7.8.2 Review thle daily SamipleTracking Reports for prioritizing sample analysis. Any questions
concerning thle tracking repoil should be directed to the Section SUpervisor.

7.8.3 Assemble all relevant Extraction Logs ,and work sheets. Review the work sheets to ensure that all
Target Analytes requested halve a current, valid Initial Calibration. Review work sheets for reqtiired
reporting Ii mits and QC reporting requirements.

7,8,4 Analytical Sequences are now constructed per Appendix A 41.
7.8.5 Al low the sample extract to warmn to room temperature. Just prior to analysis, add 40 ItL of the

internal standard soIlution to thle I -m L concentrated sample extract.
7.8.6 Load the extracts onto the autosamnpler and start the sequence. The sequence begins with the analysis

of the DF'TPP Tune standard and the Daily Calibration Verification Standard. No sample analysis
may begin until the acceptance criteria discussed under Section 7.7 has been met or Section 7.4 if
this is an Initial Calibration.

7.8.7 Inject a I It L al iquot1 ofdthe sample extract into thle G C/MS systeml, using the same operating
conditions that were used for thie calibration (Section 7.4). Thle injection volume must be the same
voIlume1 used for the calibration standards.

7.8.8 Upon completion of the sequence, the datafiles are transferred to the ChemnServer to a temrporary
directory. At a ChenmServer workstation, at new directory is created using the Sequence ID as the
name of the directory. All relevant datafi les are then moved to this di rectory for automated
processinlg.

Thie Standard Operating Proceduire has been prepared for the sole use of Laboratory Management Partners, Inc.
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7.8.9 If the response for any quantitation ion exceeds the initial calibration range of the CC/MS system,

the sample extract must be diluted and reanalyzed. Additional internal standard must be added to the

diluted extract to maintain the same concentration as in the calibration standards.
Note: It may be a useful diagnostic tool to monitor internal standard retention times and responses

(area counts) in all samples, spikes, blanks, and standards to effectively check drifting method

performance, poor injection execution and anticipate the need for system inspection and/or

maintenance.
7.8. 10 All injections for the sequence must have been performed within the 12-1 lour DFTPP tune window

for data to be submitted as quantitative. Samples injected outside the 12-Hour tune window must be

re-analyzed.
7 9 Qualitative analysis

7.9.1 The qualitative identification of compounds determined by this method is based on retention time

and on comparison of the sample mass spectrum, after background correction, with characteristic

ions in a reference mass spectrum. The laboratory using the conditions of this method must generate

the reference mass spectrum. The characteristic ions from the reference mass spectrum are defined as

the three ions of greatest relative intensity, or any ions over 30% relative intensity, if less than three

such ions occur in the reference spectrum. Compounds are identified when the following criteria are

met.
7.9. 1.1 Review of the quantitation report graphics should show good alignment of the quant ion with the

qualifier ions Each should elute within one to two scans of each other. The Target method is set to

encourage false positives to allow this graphical review.

7.9,1.2 The RRT of the sample component is within + 0.06 RRT units of the RRT of the standard

component. Review the Delta RT.
7,9.1 3 The relative intensities of the characteristic ions agree within 30% of the relative intensities of

these ions in the reference spectrum. (Example: For an ion with an abundance of 50% in the

reference spectrum, the corresponding abundance in a sample spectrum can range between 20 % and

80 %.)
7.9.1 .4 Structural isomers that produce very similar mass spectra should be identified as individual

isomers if they have sufficiently different CC retention times. Sufficient GC resolution is achieved if

the height of the valley between two isomer peaks is less than 25% of the sumn of the two peak

heights Otherw~ise, structural isomers are identified as isomeric pairs.

7.9 1.5 Identification is hampered when sample components aie not resolved chromatographically and
produce mass spectra containing ions coontributed by more than one analyte. When gas

chromatographie peaks obviously represent more than one sample component (i.e., a broadened peak

with shoulder~s) or a valley between two or more maxima), appropriate selection of analyte spectra

and background spectra is important.
7 9.1.6 Examination of extracted ion current profiles of appropriate ions can aid in the selection of

spectra and in qualitative identification of compounds. When analytes coelute (i.e., only one

chromatographic peak is apparent), the identification criteria may be met, but each analyte spectrum

will contain extraneous ions contributed by the coeluting compound.

7.9.1.7 For samples containing components not associated with the calibration standards, a library search

may be made for the purpose of tentative identification (TIC Report). The necessity to perform this

type of identification will be determined by the report level (QC Level II, Ill or IV) requested by the

client/project.
7.9.1.8 Tentatively Identified Compounds (TICs) are automatically reported during the CheinServer

processing. If reqtiested, the analyst must review these analytes for possible reporting as a TIC. Only

after visual comparison of sample spectra with the nearest library searches may the analyst assign or

delete a tentative identification. Guidelines for tentative identification are:

o, Relative intensities of major ions in the reference spectrum (ions > 10% of the most abundant ion)

should be present in the sample spectrum.
o- The relative intensities of the major ions should agree within + 20% (Example: For an ion with an

abundance of 50% in the standard spectrum, thre corresponding sample ion abundance must be

between 30 and 700%,.)
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O (3) Molecular ions present in the reference spectrum should he present in the sample spectrum.
• Ions present in the sample spectrum but not in the reference spectrum should be reviewed for possible

background contamination or presence of co-eluting compounds.
o Ions present in the reference spectrum but not in the sample spectrum should be reviewed for possible

subtraction from the sample spectrum because of background contamination or coeluting peaks. The
standard Target quant report gives a background subtracted spectrum for each Target Analyte
identified.

o The Target method assigns a Match Quality to all TIC hits. Any match quality below 50% should be
considered highly suspect.

o After review of thle TICs', any analytes not meeting the above criteria tiust be marked as not detected.
7.10 Quanltitative Analysis

7,10.1 Once a compound has been identified, the quantiartton of that compound will be based on the
integrated abundance of the primary characteristic ion from the EICP.

7.10.2 Thle concentration in the extract is determined using the average response factor or the linear
regression equation fromt the initial calibration.

7.10.3 Where applicable, the concentration of any non-target analytes (TICs) identified in the sample
should be estimated. This is performed by the Target sofiware, using the closest internal standard.

7.10.4 The resulting concentration Should be reported indicating: (1) that the value is an estimate, and (2)
which internal standard was used to determine concentration, Use the nearest internal standard free
of interferences.

7.10.5 Quantitation ofinulti-comnponert compounds (e.g., Toxahene, Aroclors, etc.) is beyond the scope of
Method 8270. Normially, quantitation is performed using a GC/ECD, by Methods 8081 or 8082.
I lowever, Method 8270 nny be used to contirm thle identification of these compounds, when the
concentrations in the finital extract are high enough

8.0 Quality Control/Quality Assurance/Corrective Action
8.1 Corrective Action - Corrective Action is the process by which problems within the laboratory are

ident i fed, proper personnel are noti tied, thle problem solved or j ustiflied, correction t mplemented and the
Corrtective Action documented.

8.2 Thie quality con trol PI pocedures detailed in this SO P are based onl the Solid Waste Manual Update Ill
Chapter One, Method 8000B and Mcthod 8270C.

8.3 QuaIi ty control proced tres lor sample prepa r-ation are found in thie appropriate extraction SOP. Refer to
Section 2.1 ifr a listing.

8.4 The GC/M S systemo m1ust be evaluated and meet all acceptance criteria as listed in Sections 7.3, 7.4 and 7.5
prior to the analysis of samples.

8.5 Samples must have been injected within the 12-1 our DI'TPP tunec window to be considered for quantitative
reporting.

8.6 Initial Demonstration of Capability ([ DC) - This demonstration is performed per matrix for each mnethod of
extraction (e.g., 35 10, 3550 ... ). The I DC is performed initially for any new method or when a major
mnodification/revision is made to a current method. In additi on, this I DC is performed to validate a new
extract ion technician.

A nen, analyst for GC/AJSsenmg-,olatiles is validated by thie siiccesvjid com~pletion of an Initial Calibration,
Calibration Verification, and IDC

8.6.1 Four (4) reference samples (Laboratory Control Samples) are prepared firom a spiking solution
containing each analyte of interest. The ILCS concentrate (spiking solution) is purchased as a
certi fled solution. Preparation of the LCS solution and extraction and analysis of thle LCS are
per formed exactly like samples per the applicable extraction SOP using a clean matrix. A successful
I]DP is completed when recoveries for all Target Analytes fall within acceptance criteria for each of
the four (4) conti ols.

8.7 Method Blank (MB) - Used to assess the general performance of the laboiatoiy. Method blanks are
analyzed to assess background i ntei ference or containliiatioll tllat exists in) the analytical system that nlight
lead to thle reporting of elevated concentration lcevels 01 flilse positive data. The nlethod blank is defined as
an interfetence-free blank matrix similar to the field sample matrix to which all reagents arc added in thle

The Standard Operating Procedure las been prepared for the sole use of Laboratory Management Partners, Inc.
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same volumes or proportions as used in sample preparation and carried through the complete sample
preparation, cleanup, and analytical procedures. For aqueous analyses, analyte-free reagent water would
typically be used. For soil analyses, a purified solid matrix (e.g., sand or sodium sulfate) is used. At least

one method blank shall be analyzed with each preparation batch of samples. Typically, the method blank
would be analyzed before any of the other batch samples. The results of the method blank analysis are
evaluated, in conjunction with other QC information, to determine the acceptability of the data generated
for that batch of samples. Sample results shall not be corrected for blank contamination.

8.7.1 Analytes identified in the Method Blank that are also identified in environmental samples associated
with that blank must be flagged as "B - Detected in Blank'. Phthalates are the most common
contaminant identified in semi-volatile method blanks. Reporting limits for these contaminants must
be reviewed on a constant basis and revised as necessary to reflect accurate analytical conditions.

8 8 Laboratory Control Sample (LCS) - A laboratory control sample (LCS) must be processed with each batch
of samples in order to assess whether the analytical procedures employed (in an interference-free matrix)
are in control. All target analytes are be spiked into the LCS. The LCS undergoes the same preparatory
and cleanup procedures as was used for the environmental samples.

8.8.1 Control limits for aqueous and solid matrices are generated for all target analytes and surrogates in

the LCS.
8.8.2 If the LCS is out of control, corrective action must be taken. The source of the problem must be

investigated and the effect on the samples must be evaluated For example, if an analyte in the LCS
has a recovery above the upper acceptance limit, but the same analyte is not detected in any of the
environmental samples in the batch or is detected at less than 5% of the action level, additional
corrective measures may not be necessary. For all other situations, reanalyze the LCS extract to
verify the out-of-control condition. If the LCS remains out of control, all the samples in the batch
must be re-extracted and reanalyzed for the failed target analytes (i.e., the target analytes with
unacceptable LCS recoveries)

8.8.3 LMP, Inc has adopted the following policy regarding LCS evaluation:
8.8.3 I Sporadic Failures

A sporadic failure is defined as marginal failure due to random (as opposed to gross systematic) error
Due to the number of target analytes present in the LCS, it is likely that sporadic failures will occur.
Refer to Table 5.
For the scope of work under the U.S. Army Corps of Engineers, LMP, Inc will allowv follow the
sporadic failure rate as designated by Shell Document, EM 200-1-3 Table 1-1 5:

Number of Allowable QC Failures
N x
5-15
16-30 2
3 1-45 3
46-60 4
61-75 5
76-90 6
91-1 05 7

N~ote: N = number of reported method target analytes
X = sporadic marginal failure allowed

A sporadic failure does not require corrective action other than documentation and monitoring of the
failure. A Case Narrative is also not necessarily required unless the failure has a direct impact on the
reported data.

Classification of a flagged recovery as a sporadic failure requires approval from the Section
Supervisor. Recoveries must be monitored on a continual basis to ensure that these failures are not
analyte(s) dependent. If thle sporadic failures are consistently with the phenolic compounds, then
recoveries of all phenolic compounds should be reviewed to identi5' any potentiat trend

The Standard Operating Procedure has been prepared for the sole use of l.aboratory Management Partners, finc
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8.8.3.2 LCS Evaluation
ci LCS recovery is high for an analyte not identified in any samples associated with the LCS. The data

will be considered valid as the high recovery indicates that detection limits were not affected. The
analyte(s) recovery should be monitored daily for a trend that might indicate the need for corrective
action. No re-extraction/re-analysis required. Refer to Section 8. 10.

o LCS recovery is high for anl analyte identified in samples associated with the LCS. The LCS and
samrple(s) should be re-extracted/re-analyzed for the failing analyte only. if the LCS and sample(s)
cannot be re-analyzed (e.g., holding time expired, no additional sample available ... ) then the final
result must be flagged as `J - Estimated Value' and a Case Narrative provided detailing the exact
recovery of the LCS.

ol LCS recovery is low for an analyte identified in samples associated with the LCS. The LCS and
samnple(s) should be re-extracted/re-analyzed for the failing analyte only. If the LCS and samnple(s)
cannot be re-analyzed (e.g., holding time expired, no additional sample available ... ) then the final
result must be flagged as "J - Estimated Value". A Case Narrative must be provided detailing the
exact recovery of the LCS and that the reported value for the flagged analyte represents a minimum
value.

8.8.4 Laboratory Control Sample Duplicates - LCSD
8,8.4.1 LCSDs are extracted under the following circumnstances

oJ Not enough sample available to perform both MS/MSD
o Only sample available for MS/MSD is a Field Blank or Equipment Rinsate. No MS/MSD is to be

extracted onl these type samples.
o Required by the project Sampling and Analytical Plan

8.8.4.2 RPD limits for LCS/LCSD should not exceed 20'Y.
8.8.4.3 If dtiplicate precision for the LCS is not in control, con ective action must be taken. I lowever, if

RPDs are outside of contro lnimis, the batch need not be rejected (as long as the recoveries are
acceptable).

8.9 Matrix Spikes (MS) - A Matrix Spike and Matrix Spike Duplicate should be processed with each batch of
samples in order to assess the overall performance of the method as applied to a particular matrix.

8.9.1 Recoveries flagged as outside QC Limits for the MS/MSD should be evaluated for a potential matrix
effect. L-CS/L-CSD recoveries Must be within QC Limits for the Failing analyte in order to be
c lassiflied as a matrix effect.

oj Review thie chromatogramn for obvious interferences
ol II igh levels of Non-Target Analytes (e.g., hydrocarbons ...) as indicated by the TIC report. TIC

ieports are to be provided for any smuiple that has fhi ing MS/MSD recoveries.
O Chromatographic interference as indicated by a significant elevation in the baseline.
ol Review the extraction log

L IWas initial pi 1, prior to extraction, noted] as high or low'?
* 2. Were eiul s ions formed during li quid(/liquid extraction'?
* 3. Was sample size reduced due to the potential for saturation'?
* 4. Was fintal voltunic adjusted due to the inability to concentrate to I.OmnL?
* 5,Were problems during the extraction/concentration noted? (e.g., portion of extract spilled

dtiring transfer)
8.9.2 If review of the data shows apparent matr ix interference or if site history indicates previous typical

recoveries, no re-extract/re-analysis is necessary.
8.9.3 If no matrix interference is apparent, the laboratoiy must confirm the presence of matrix interference

via the re-extraction and re-analysis ofan the MS/MSD. The MS/MSD need only be analyzed for
the failed target analytes. lfthe MS/MSD for the re-extraction/re-anialysis is still outside of control
Ii iiits (and matrix interference is not apparent) then the recoveiy data is qualified as clue to matrix
interference.

8.9.4 If the RPD ,acceptance criteria are not satisfied, and the recovery criteria are exceeded, then and only
then, re-extract and( analyze a second M SD for the failed analytes. Reanalyze the extract if there is
instifficient sample. Calculate the %RSD for the set of three analyses (e.g., the MS, the first MSD,
and( thie second MSD). If the %RSD fort the set of 3 analyses is greater than one half the RPD QC

1'he Standard Operating Proceduic has been prepared for the sole use of Laboratoiy Management Partners, Inc.
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limit plus 5% (e.g.,30%), qualify all associated samples for poor precision A Case Narrative must be

provided for Level Ill/Level IVM packages detailing the review and findings for the outlier MS/MSD

recoveries.
8.9.5 RPD limits for MS/MSD should not exceed 20%.

8.10 Surrogates -Surrogates are used to assess the overall performance of the method as applied to aparticular

matrix on a sample-by-sample basis. Surrogates are evaluated in the same manner as the MS/MSD. Refer

to Section 8.8.1 - 8.8.3.

9.0 Calculations
9 1 The Target data processing software performs calculations. Target calculations are verified against the

followving:
9 2 The concentration of each analyte in the sample is calculated using the results of the initial calibration,

according to one of the following sections, depending on the sample matrix:

9.2.1 Aqueous samples - Internal Standard - Average RF

Concentration itg (AJ NC,)iD)(V0,)

A, = Area (or height) of the peak for the analyte in the sample.

Vt = Total volume of the concentrated extract ([tl). For purge and trap analysis, V, is not applicable and

therefore is set at 1.
D - Dilution factor, if the sample or extract was diluted prior to analysis. If no dilution was made, 0 = 1.

The dilution factor is dimensionless.
CF =Mean calibration factor from the initial calibration (area per ng).

V, Volume of the extract infected (pL-). The nominal injection volume for samples and calibration

standards must be the same. For purge and trap analysis, V. is not applicable and therefore is set at 1. If

concentration units are used in calculating the calibration factor, then V, is not used in this equation.

V,= Volume of the aqueous sample extracted or purged in mL. If units of liters are used for this term, then

multiply the results by 1 000

9..2 Non-Aqueous samples - Internal Standard - Average RF

Concentration ipg.kgt
(Aj Wti,( 10001

.vcr A., A,, C ~, 0 and RF are the sarne as for aqut'ous samples. aind

W,~ Veight of sample extracted (g). Either a any weight or wet weight may be
used, depending upon the specific application of the data. If units of
kiloorains are used tor this term multiply the results by icNO.

The 1000 ri the Denominator represents the number of pL in 1 mL. If the injection iV
is expressed in rmL- then the 1 000 may be ornined.

Using ihe units specified here for thes-e terms wiii respit in 'a concentrations. inuits

of ng~g which is equivalent to pgikg.

7 10 23 II a linear calibration that does not pass through the origin nas been
emptoyed then the regression equation Is rearranged in a fashion; .sirilsr to That
described iii Sec I 10 1 3

9.2.3 If a linear calibration that does not pass through the origin has been employed, then the regression

equation is rearranged as shown in Sec. 7.5.2, and the concentration of the analyte is calculated from

the area response (y), the slope (a), and the intercept (b). When using this form of linear calibration,

it is the laboratory's responsibility to ensure that the calculations take into account the volume or

weight of the original sample, the dilution factor (if any), and dry weight (as applicable) One
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approach to this calculation is to perform the original linear regression using the concentration of the
analyte in the final extract volume or the volume purged. The concentration of the analyte in the sample
may then be calculated as follows:

where:
C = Concentration in the sample
C = Concentration in the final extract
V = Total volume of the concentrated extract
V = Volume of the sample extracted or purged
For solid samples, substitute the weight of the sample, W , for V
For purige-and-trapl analyses, the concentration of the analyte in the volume of the sample
that is purged will be the same as in the original sample, except when dilutions are
performed.

9.3 Unless otherwise specified, all semi-volatile soil results are reported at Dry Weight.

1 0.0 Data Validation
10.1 The analyst completes sequence Checklists for each analytical sequence. Refer to Appendix A #2. The

analyst must complete the checklist and ensure that all method Quality Assurance requirements have been
mlet.

10.2 Once the sequence has been reviewed, the analyst wvill complete any applicable QC Forms needed to
summarize anly Qua lily Control Samples analyzed.
O1 Surol gate Sumriilary
oJ Method Blank Summary
o Laboratory Control Samup I(s)
oj Matrix Spike/Matrix Spike Duplicate

101.3 The analyst is required to complete, review, sign and date the work shieets prior to submission (Level I
review).

10.4 Thle Section Supervisor (or designate) will Then reviewv the data package to ensure completeness and
accuracy (Level 11 review). The Section SuperCvisoI is trltirnately responsible for the quality of the Level 11
review.

1(1.5 rhie Organic Laboratory SUPervisor is responsible for ensuring that all work sheets, reagent logs, standard
logs land mintnenance logs are completed anld uip to date. Rkefer to the Data Reduction and Review SOP.

1 1.0 Waste Management
I 1.1 Refer to LM P Waste Management Plan

1 2.0 Health and Safety
12.1 The toxicity or carcinogenrcity of reagents anld standards used in this method have not been precisely

defined; however, each chemical compound should be treated as a potential health hazard. Exposure to
these chemicals is to be reduced whenever possible. Material Safety Data Sheets are available and are
r1ai ntai ned by the Quality Assurance Offlicer. Refer to the Chemical I lycijene Plan and Laboratory Safety
Plain sops

13.0 Trainitig & Training Validatioti
13.1I Employee training onl doctumented procedures may be foirnd in the lnimolovee Train ing SOP.
13.2 D~emonstration of the employee's tr ainling in thie spect lie procedur:es involved in this method tiay be found

in the TIra in ing Documnents Log T]his d0cumentattion idctides all rn-houLse and ourtside training received anti
i curde itemls Such as pro ficiency testing arnd infonrmation onl pertforrinance testing resuilts. A Demonstration

of Capability is onl file for echil analyst per forming the test.

14.0 References
ci LMP's Definitions, Acronyars, Symbols arid Abbreviations Policy
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Li Solid Waste Manual, SW846 Update III, December 1996.

Li U.S. Army Corps of Engineers (USACE) Shell for Chemical Analytical Requirements EM 200-1-3, 1 Feb

01.

o1 EPA, Methods for Chemical Analysis of Water and Wastes, EPA -600/4-79-020, March 1983

Li NELAC, Quality Systems, Revision 15, May 25, 2001.

ol NELAC, Program Policy and Structure, Revision 13, June 29, 2000.

ol 40 CFR Part 136 Appendix A.

o EPA Guidance for Preparing Standard Operating Procedures (SOPs), EPA QA/G-6, EPA/240/B-0l1/004,
March 2001

Li USEPA 2185 - Good Automated Laboratory Practices

Li OSHA Laboratory Standard, 29 CFR 1910.1450.

oi OSHA Compliance Guide, Kirk H-. Ray, 8" Edition.

o1 'Proposed OS/IA Safety and'lHealth Standards, Laboratories ", Occupational Safety and H ealth

Administration, 51 FR 26660, July 24, 1986.

oi Laboratory Safety in Practice. A Comprehensive Compliance Program and Safety Manual.

ol "Sa/etv in Academic Chenistry, Laboratories ", American Chemical Society Publication, Committee on

Chemical Safety.

LI "Carcinogems - Working with Carcinogens ",Department of Health, Education and Welfare, Public Health

Service, Center for Disease Control, National Institute for Occupational Safety and Health, Publication No.

77-206. August 1977.
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Tables:
Table I - Characteristic Ions for Semi-Volatiles
Table 2 - Current Analytical Systems and Conditions
Table 3A - Reagents/Solvents
Table 38 - Certified Solutions
Table 3C - Solution Dilution Schedule
Table 3D - Solution Spiking Levels
Table 3E - Standards Dilution Schedule
Table 4 - DFTPP Key Ions and Ion Abundance Criteria
Table 5 - Summary of Measurement quality objectives for Method 8270C Semi-volatiles
Table 6 - Maintenance Schedule
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Table 2
Current Analytical Systems and Conditions

System I - BNA-I

HP 5973 Mass Selective Detector coupled with a HP 6890 capillary GC. The GC is equipped with a 100-place l IP 7673
Autosampler.

Column - 3Gm x 0.25mm ID capillary columin VF-5MS (Var ian), 0.25pm film thickness
Initial Temp. 50 0 C Hold for 2 minutes

Temperature Program I: 500 C/Minute to 2800 C for 0 Minutes
Temperature Program 2: 400 C/Minute to 325 0C for 1.5 Minutes

System 2 - BNA-2

HP 5971A Mass Selective Detector coupled with a HP 5890 11 capillary GC. The GC is equipped with a 1 00-place 1-P

7673 Autosampler. The GC has a Restek GC Racer attached to aid with temperature increases.

Column - 3Gm x 0.25inm ID capillary column ZB-5 (Phenomenex), 0.25gm film thickness
Initial Teimp: 500 C Hold for 2 minutes

Temperature Program 1: 25 0C/Minute to 2800C for 0 Minutes
Temperature Piogram 2: 100'C/Minute to 3250 C for 3 Minutes

System 3 - BNA-3

PIP 5971 Mass Selective Detector coupled with a l IP 5890 11 capillary GC. The GC is equipped with a I100- place HPI

7673 Autosanripler.

Column - 30im x 0 25nmm ID capillary column ZB-5 (Phenonienex), 0.25lum film thickness

Initial Temp: 50 0C Iblod for 2 minutes
Temperature Program I 33 0C/Mnumte to 2800 C for I Minute
Temperature Program 2 30 0C/Minute to 325 0C for 10.5 Minutes
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Table 3A
Reagents/Solvents

Solvent Grade auatrr Vno/a
IMethylene Chloride G C Grade Fisher I D 151-4
Methanol Pur' re Trap Fisher A454-4
Acetone GC Grade Fisher A928-4

The Standard Operating Procedure has been) prepared Cor the sole USe of Laboratoty Management Partners, Inc.
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Table 3B3
Certified Solutions

Standard ID Vendor Catalog # Concentration
gg/L

Base Neutral Surrogates Mix ECS ECS-N-002 1000
Acid Surro ates Mix ECS ECS-N-003 2000
Internal Standards ECS ECS-N-001 4000
DFTPP Tune Accustandard M-625-TS-20X 1000

BNA Calibration Standards
A7cid Composite Mixture Accustandlard CLP-HC-A-R 2000

Base/Newtral Composite Mixture Accustandard CLP-IIC-BN-R 2000'

Custom CLPI IC Additions Mix Accustandard S-7027B-R1 2000

Composite Mix 2 Accustandard Z-014E-R 2000

Benzidine and 3,3-dichlorobenzidine Accustandard Z-014F 20002

Second Source Standards _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Acids Mix 3 Crescent CC2471R 2000

Base/Neutral Mix I Crescent CC2458 2000'

Sernivolatiles Mix 5 Crescent SSM-008 2000

Appendix IX Sernivolatiles Crescent CC2289A 2000

Chlorobenzilate Solution Crescent 7259D.20 2000

Semirvolatile Mix with Pyridiine and Crescent CC2473 2000
Carbozole _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Proposed Mixes
DEP(MA)-PAIl Mix (For PAllMS- Accustandard DRH--0065 1000
only)
Phithalates Esters (for PE MS only) IAccsadr -002000~

All solutions in Methylene Chloride unless otherwise indicated.
2 Provided in Benzene, Methylene Chloride Acetonitrile (2:2.1I)

2_Provided in Methanol
3_Provided in Benzene. Methylene Chloride
- Provided in Isooctane.
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Table 3C
Solution Dilution Schedule

Solutions
Solutions listed here are made as Intermediate Solutions to be used in the preparation of a Working Standard for
instrument calibration/verification or for Spiking Solutions which will be added directly to samples during preparation.

Standard ID Catalog# Volume Final Volume Concentratio Solution
___________ ~(m L) (m L) nI D

Internal Standards ECS-N-001 5 20 1 000 ng/uL ISTDI

[3N Surrogate Mix ECS-N-002 I0 100 I100 g/m Ls BNSI
AE- Surrogate Mix- ECS-N-003 5 100 I100 pg/mL, AESI

Full List All BNA 0.5 leO 0 [tg/ml- LCSFLl
Laboratoiy Control Calibiation

Standards
Acid Matrix Spike CLP-IIC-A-R I 40 50~t/L MSAEI
Phthalate Matrix M-8060 I 4 50 ptg/mL MSPhthlI

ISpike __ _ _ _ __ _ _ _

PA~l Matix Spike DRI 1-0065 I 4 50 Uig/mI. MSPATHI

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management partners, Inc.
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Table 3D
Solution S iking Levels

Solution ID Matrix Volume Nominal Sample Final
Size Concentration

Internal STD -ISTD I Final Extract 40 liL Not Applicable Not Applicable

Surrogates - BN SI Aqueous 1.0 mLd 1000 mnL 1 00 gg/L

Surrogates -AESI Aqueous 1.0 mLd 1 000 mL 100 gg/L

Surrogates - BNSI Solid 1.0 mL 30 g 3,333 pg/Kg,

Surrogates - AES I Solid 1.0 mL 30 g 3,333 ptg/Kg

Lab Control - Aqueous 5.0 rnLJ I000 rnL 50 pgIL
LCS FLl

Lab Control - Solid 5.0 rnL 30 g 1,667 pg/Kg
LCSBNI _____ __

Acid Matrix Spike - Aqueous 1.0 mL 1000 ml- 50 pg/L
MSAEl

Acid Matrix Spike - Solid 1.0 irnl 30 g 1,667 pg/Kg
MSAEI

Phthaiate Matrix Aqueous 1.0 n-L 1 000 mLd 50 ptg/L
Spike - MSPhth I
Phithalate Matrix Solid 1.0 nnL 30 g 1,667 pg/Kg
Spike - MSPhthlI

PAM Matrix Spike - Aqueous 2 0 rnal 1000 mL 50 pg/L
MSPAIII I

PAl-I Matrix Spike - Solid 2 0 ul- 30 g 1,667 pg/Kg
M SPA I-lI I__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Final concentration is to be adjusted for actual sample size.

The Standard Operating Procedure has been prcpared for the sole use ofL'taboratory Management Partners, Inc.
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Table 3E
Standards Dilution Schedule

Solution ID Standard ID Volume Final Concentration
__________ Volume

DFTPP Tune (DFTPPI1) M-625-TS-20X I mL 20 rnL 50 ng/tL
Initial Calibration
Standards (ICAL ________

Ws-IT WS -9 2 ipL I rnL 0.2 ng/ptL

WS-22 WS -9 5 PL j I nLt 0.5 ng/~IL

WS-3 2 WS -9 20 l, Inil- 2,0 ng/tL

WS-4 2WS -9 50 IIIL Inl- 5 0 ng/pl,

WS-5 2 ~~~~WS -9 100 III I nil- 10.0 ngit L

WS-6-2 WS -9 200 gl- II mL 20.0 ng/ipl-

WS-7' All BNA Calibration 50 IIL, except 2 mL- 50.0 ng/pl-
Standards and Itoo p 1. lbor Base

____________________________SurrogaItes - Surrogates

WS-V ~~~~~~~All BNA Calibration 4pLexpt I ml- 80.0 ng/pIL
Standards and 80 pIL for Base

______ ______ ______ ______ _____S urrogates SUrro gates _ _ _ _ _ _ _ _ _ _ _

WS-91 All I3NA Calibration I100 lt L except 2 niL I 00 ng/pl-
Standards and 2-00 aI L for Base

S itrogates Sn rr~gateCS

Ws- 0 All BNA Calibration 60 p L, except I 11L 120 ng/pl-
Standards and 120 pl Lfor- Base

Surrogates Surrogates

WS- I P All BNA Calibration 80 iLe, except I niol 160 ng/pL-
Standards and 160 it L for Base

Surrogates SUrrogates _________

Second Source
Calibration Veri fication
IFCy'- All 211( Source 50 pl, except 2 nl- 50.0 ng/pL

Stancdai ds ± Z-0 141I' and mo p IIL for Base
Surrogates Surrogates _________

All standard solutions diluted into Methylene Chloride unless otherwise indicated.

-Add X0It L of ISTID I
2Add 40.1 of IST!) I

Thie Standard Operating ProcedUre hags been prepared for the sole use of Laboratoiy Management partners, Inc.
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Table 4

DFTPP Key Ions and Ion Abundance Criteria

DFTPP KEY IONS AND ION ABUNDANCE CRITEIRWA'

Mlass Ion Abundance Criteria

51 3"-0% of massl1S

68 < 2% of mass 69
7o ~~~< 2% of mass 69

127 40.60% of mass 198

197 <1I% of lasst198
198 Base peak, W00% relative ab~urdaflCe
199 5 -:.9oftmass 196

275 10.30%' of mass 198

385 >1I%, of mass 1983

441 Present butliess than mass 44 3
44 2 > 40%, of mass 198
443q 17-23% of mass 442

Data taken from Reference 3
Aharmate !urerej critEda may be used, tag.. CLP, Method 525, r mlailuiactujre(S' OnStructiOfiSI
provtdtd thiat rmelhod nefformance is not fddversety affected

The Standard Oper ating Procedure has been prepared for the sole use of Laborator y Management Partners, Inc.



8f72001
Laboratory Management Partners, Inc. Procedure No. SOP/OA.8270.01
Standard Operating Procedure Page 26 of29
Semnivolatile Organic Compounds by GC/MS using Method 82700 Revision No.: 01
Effective Date: 09/01/04 Supersedes SOP: 82700.doc

Table 5

Summary of Measurement quality objectives for Method 8270C Semni-volatiles

Quality control Target Analyte / Surrogate Poor Performance /Sporadic
element Marginal Failures'
Initial Calibration Instrument Evaluation: No Allowance

SPCC's: minimum RIF values per method requirement
Evaluation:
CCC's: verify "ARSD)30%Y,

Primaiw Evaluation (all target analVtes): No Allowance
r 0.995, "A, RSID 15%, r 2 0.995

ICV Instrument Evaluation: No Allowance
SPCC's: minimum RF values per method requirements

Primary Evaluation (CCCs) No Allowance
%D 20%
All Additional Analytes 30%X Poor Performers. 35%

CCV Sonic as ICy

M 13 Tareet Analvtes: Common Lab Contaminants:
Analytes < one-half MRL. Analytes < MRL

LCS Water & Solids: See Analyte Summary Table Sporadic Mvarginal Failures':
Water:
"A Rec = 15% - 150%Y
Solids:
%A Rec = 25%i - 150%,

MS Water & Solids: See Analyte Summaiy Table Sporadic Marginal Failures'
Water:
"A, Rec = 15%A- 150%,
SolIids:
"Ao Rec - 20% - 150%,

MSD/MD) Water & Solids. R PD 20%X Sporadic Marginal Failures'7
Water: RPD 60A

Solids: MID 60A
Surrogates "A Interference-Free Matrix 2: Sporadic Margin~al Failures'-

Water & Solids: See Anailyte Stiummary Table Water:
%XRec= 15% - 150%Y
Solids:
%X Rec - 20% - 150%X

'Ilit nitnber ot'sporadic taligiualt tailuic (SMl) allow~ances depends upon -ilI lnumber -ot target inalyie.s ieported Itn .. an tiazlysis. For instanice, if.
[lie totil] list oftlarige coriposiids is reported, lien S SMF's arc allowed to the expanded 6cijeua presented for thre LCS, ifthe MS includes only a

Subset of comopotinds and for Sutirogtes, allow LI] to I MF
2II ~ base. N - ieCUiai. A - acid Compounds ctcmpds)

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management Partners, Inc.
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Appendix A

#1 Analytical Sequence

#2 Semi-Volatile Sequence Check List

#3 Organic Prep Lab Extraction Log

#4 Daily Run Log

#5 Initial Calibration (Form 6)

The Standard Operating Procedure has been prepared for tlie sole Use of Laboratory Management Partners, Inc.
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#1 Analytical Sequence

1.0 The analyst is required to complete the Daily Run Log anytime analysis is performed on an analytical system. Each
log is specific to a particular system. See example log in Appendix A #4.
The information entered in this log will be used to create the analytical sequence on the system ChemnStation.

1.1 Date of Analysis -Date of first injection of the sequtence.
1.2 Method - 8270C, 625, combinations
1.3 System ID
1.4 Sequence ID - Name using the following format:

B(SysID)MMDD(Seq#)
(e..B2040101)

B (BNA Analysis - I Character)
SysID - 1, 2 or 3 (System ID - I Numeric)
MMDD - Today's Dale (Month Day)
Seq# - Sequence # (01I for first sequence, 02 for second sequence, etc.)

1.5 Slot N-Autosampler tray slot that extract vial is located. (#1I thru N I100)
1.6 Samiple ID -LMPI, Inc. LIMS assigned II) (9804-001-02)
1 .7 55- Samnple Size (from extraction log)
1.8 D - DluIttion Factor

1.9 Client Name
110 B~atch # - Extraction Batch (from extraction log)
I I1 Comments

1.12 Time of analysis

2.0 Bfased on the above log, the analyst wvill assemble and prepare exli acts (i.e., add internal standard, perform
d1IL160it in... ). These extracts are then loaded onto0 the aiitosarnpler in the appropriate slot. The next step is to complete
thie lChemStation
.sequence. In formation entered in this sequence wvill be transferred di reeltly to the ChemiServer for processing.
A typical sequence is as follows

Starting sequence Tue Apr 21 15:49-54 1998
Seque~nce Name: C:\I I PCI IEM\l \SEQUENCE\B32042 101.S
Comment:
Operator: M K
Data Path: C:\I I PC HEM\ I\I)ATA\b2042 101\
Method Patb C:\lIPCI IIBM\I\ME1'IIODS\

Line Typec Vial DataFile Method Sample Name
I) Samnple 2 0201001 DFTPP1 DI'TPP
2) Sample 3 0301002 1320728B ,DCS BNA 50,1,1,1,,0,,,
3) Samnple 4 1401013 B320728B3 9804-554,9804-554-1,2,1,0,,0,30.(6
4) Sample 5 1501014 B320728B3 9804-554,9804-554-1 MS,2,l,3,MSj,,
5) Samrple 6 1601015 1320728B3 9804-554,9804-554-I MSD,2,1I,3,MSD,
6) Sample 7 1701016 B320728B3 9804-554,9804-554-2,2,1I,0,,0,30.4
7) Sample 8 1801017 B32072813 9804-486,9804-486-2,2,1,0,,0,30.3

The Standard Operating procedure has been prepared for the sole use of Laboi-atoiy Management Partners, Inc.
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#1 Analytical Sequence (cont.)

2.1 Sample information is entered in the same order as the Daily Run Log.
2.2 The Vial and DataFile entries are created automatically by the ChemnStation
2.3 Method is the analytical method on the ChemStation for data acquisition only.

The quantitationi method is stored on the ChemServer.
2.4 Sample Name includes data that will be used by the ChernServer during.
2.5 Sample Definition Information
Ensures that data station header information is translated properly to Target.

DataFiles: All entries are separated by Commas.

Variable Definition Example
ClientSDG Client Sample Delivery Group (LIMS Order #) 9804-010
ClientSmpllD Client Sample ID (LIMS Order #) 9804-010-1
SmpMatrixType Sample Matrix O=gas l-liquid 2=solid 3=none 2
DilFactor Dilution Factor 10
SamnpleType 0=unknown 1=calib 2=cont calib 3=QC sample 3
QCType MS/MSD LCS/LCSD Ms
SpikeSample Perform spike recovery calc 0-no l=yesI
Ws Sample Size g/mL 5
LabPrepBatch Prep-Lab Extraction Page #V15BTXS04I

The Standard Operating, Procedure has been prepared for the sole uise of Laboratory Management Partners, Inc
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Organochlorine Pesticides by GC According to
SW-846 Method 808 1A

Prepared by: ___________ _____

Michael Kauffmian, Technical Director

A pproval: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Scott McKee, President
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1.0 Scope and Application

1.1 This method is used to determine the concentration of various chlorinated pesticides. This SOP
addresses the requirements of SW-846 methods 80008 (Revision 2 December 1996) and SOS81A (Revision
I December 1996) This method is applicable to the analysis of water, soil, liquid and solid samples.

1.2 Instrumentation Dual capillary GC equipped with dual electron capture detectors (ECD) and
autosampler-

1.3 The method quantitation limit (MQL) is based on the lowest point in the initial calibration curve for a
particular analyte. Detection limits (MDL, MQL, MRL ... ) are detailed in SOP "Determination of
MDL/MQL/MRL".

1.4 Refer to Appendix A for applicable detection limits.

2.0 Summary of Method

2.1 Method 8081 A is based on the solvent extraction of a sample (e.g. liquid/liquid or sonication) and
subsequent concentration and clean up of the extract. The extract is then analyzed by capillary gas
chromatography.

2.2 One thousand (I1000) milliliters of water or 30 grams of soil'is spiked with surrogate compounds and
solvent extracted using Methylene Chloride for water and 1:1I Methylene Chloride-Acetone for soil
samples with the appropriate preparation method (see section 7). The extract is then concentrated and
exchanged to hexane using a Nitrogen blow-down technique, clean up as necessary with Flor isil and
analyzed by capillary GC.

2.3 LMP, Inc. utilizes simultaneous injection of the extract. The analytical systems available have dual
autosamplers, dual injection ports, dual columns and dual detectors. This allows the acquisition of data
fromt both the primary (A) and confirmation columns (S). Compound identification is based on qualitative
and quantitative information from both columns.

2 4 This arnalytical method is based in part on methods 8000B and 808 1A Solid Waste Manual SW-846,
"Test Methods for Evaluating Solid Waste", 3rd Edition and the "Shell for Analytical Chemistiy
Requirements" USACE, EM 200-1-3. Extraction and clean-up methods are referred to in this SOP.

3.0 Interferences and Potential Problems

3.1 Solvents, reagents, glassware and other sample processing hardware may yield artifacts or
interferences to sample analysis. All these materials must be demonstrated to be free from interferences
under the conditions of the analysis by the extraction and analysis of method blanks. Specific selection of

reagents and solvents may be necessary.

3.2 Interferences by phthalate esters introduced during sample preparation can pose a major problem in
pesticide determinations.

3.2.1 Common flexible plastics contain varying amounts of phthalate esters, which are easily extracted or
leached from such materials during laboratory operations.

3.2.2 Cross-contamiination of clean glassware routinely occurs when plastics are handled during extraction
steps, especially when solvent-wetted surfaces are handled

3.2.3 Avoiding contact wvith any plastic materials can best minimize interferences from phthalate esters.

3.3 Method interferences are reduced by proper glassware cleaning procedures. Cleaning procedures are

detailed in SOP "Organic Laboratory Glassware Cleaning Procedures".

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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3.4 Method blanks must be extracted with each preparation batch to demonstrate that the system is free
from method interferences.

3.5 I-figh purity reagents must be used to minimize interference problems.
3.6 Contamination by carryover can occur whenever high-level and low-level samples are sequentially

extracted. Extreme caution must be exercised whenever handling concentrated waste samples (e.g.
product, solvent ... ).

4.0 Equipment and Apparatus

4.1 Gas chrormatograph - Configuration I (This system is generally dedicated to the analysis of PCBs.)
4.1.1 Gas Chromnatograph - Illewlett Packard 5890 Series 11CGC equipped with dual capillary column

injection ports and dual electron capture detectors (ECI)). The CC is equipped with a 100 place l IP
7673 autosampler. Justice Innovations ChuronPerfiect software is utilized to acquire data where it is
transfer red to a central ChemServer and processed using Target3 analytical software.

4.1.2 CoIlumn I - 30 mneter x 0.25-mmr ID J&W DB-35MS 0.25 micron film thickness D&B #11It23
4,1.3 Column 2 -30 mneter x 0.32-mum ID Restek RTx-CLPesticide 0.5 micron film thickness. Restek

HI11139
4.2 Gas chronmatograph - Configuration 2 (ihis system is generally dedicated to thie analysis of

chlorinated herbicides.)

4.2.1 Gas Chromatographl - I ewlett Packard 5890 Series 11 CC equipped with dual capillary column
injection ports and dual electron capturie detectors (FCD) The CC is equipped with a 100 place IIP
7673 atitosamp eIr. Justice Innovations ChoromPerfect software is utilized to acquire data where it is
transferi-ed to a central CheinServer and processed using Target3 analytical software.

4.2.2 Column I - 30 mneter x 0.32-mnm ID R~estek RTx-CLPesticides2 0 25 micron film thickness. Restek
#1 1324

4.2.3 Column 2 - 30 meter x 0.32-mmn ID) Restek R('x-C l-Pesticicle 0.5 mnici on fi ini thickness. Restek
#it11139

4.3 Gas chiromatograph - Configuration 3 (Th'its system is generally dedicated to the analysis of'
chlor inated pesticides.)

4.3.1 Gas Chromnatogi-aph - I lewlett Packard 6890CGC eqUipped with dual capillary column injection ports
and dual electron capture detectors (mi cro FCI)). The CC is equiipped with a 100 place I-I P 7683
autosalupler, Just Mice I nnovat ions ChroniiPerfect software is util Iized to acq uire data where it is
translbrred to a central ChemnServer and processed uising l'arget3 analytical software

4.3.2 CoIlumn1 I -20 mecter x 0.18-mmi ID Restek RTx-CLP~eticides 11 0. 18 micron film thickness. Restek
842302

4,3.3 Columin 2 - 20 mecter x 0. I18-mim ID Restek RTx-CL~lesricide I 0 IX8 micron film thickness. Restek
#42 102

5.0 Reagents and Standards

5. I Reagenit grade chemicals shall be used in all tests. Unless otherwise indicated, it is intended that all
ieagents shall conform to thie specifications of the Committee on Analytical Reagents of the Amnerican
Chemical Society, where such specifications are ,available. Othert grades may be used, provided it is First
ascertained that the reagent is of stifficient ly high pur1ity to permit its use without lessening the accuracy 01f
the determnination.

The Standard Operating Procedure has been prtepared for the Sole Use of Lab Management Partners, Inc.
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5.2 All reagents/solvents/standards must be traceable using the Solution Validation Quality Assurance

Procedure (SVQAP).

5.3 Organic-free reagent water - All references to water in this method refer to organic-free reagent water,

as defined in Chapter One of SW-846.

5.4 Methylene Chloride - Fisher Scientific Di151-4

5.5 F-lexane - Fisher Scientific H303-4

5.6 Methanol - Fisher Scientific A454-4

5.7 Stock calibration standards

5.7.1 Standards (targets and surrogates) are purchased as certified solutions from various vendors. The list

of solutions, catalogue numbers and concentrations are listed in the pesticide summary table. A copy

is provided in A&pendix B3.

5.8 Intermediate Standards. Prepare the following standards in hexane:

5.8.1 Intermediate standards (targets and surrogates) are prepared from stock standards. Refer to Appendix

B Intermediate Standards.

5 9 Working Standards. These standards are prepared from the intermediates listed in section 5.8 and are

used to perforin initial calibrations. Refer to ApLpendfix C for the initial calibration dilution schedule.

5.9.1 Prepare a "second source" initial calibration verification (ICV) standard (single and multi-

component) as listed for WS #4 in Appendix C.

5 10 Matrix spike and surrogate solutions are prepared from the same standards used to prepare the initial

calibration. Refer to Appiendix B for spike amounts and concentrations.

5.11 The following considerations should always be followed in preparing all of the above standard

solutions;

5.11.1 All reagents/solvents/standards must be traceable using the Solution Validation Quality Assurance

Program (SVQAP).

5 1 1.2 Secondary dilution standards should be checked frequently for signs of degradation or evaporation,

especially just prior to preparing calibration standards from them.

5.11.3 Standards must be replaced after 6 months or sooner if comparison with the ICV standard indicates a

problem

5.11.4 Stock or neat solutions and standards must be stored in proper containers, away from light and

should not he transferred from the original container. The date received, expiration date and any other

pertinent information should be recorded in the Reagent Reference Log. The date received must also be

recorded on the standard container, clearly visible to all analysts using it

5.1 1.5 All intermediate and working solutions must be stored in light protected containers with Teflon lined

caps at a temperature of 4oC or less.

6.0 Sample Preservation and Containers

6.1 As a rule, LMP, Inc. does not engage in sampling activities. However, each analytical method has

specific container and preservation (chemical and/or temperature) requirements.

61,1. Refer to the Quality Manual for guidance concerning containers, preseration and holding times.

6 2 1-bolding Times

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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6.2.1 FHolding time for extraction is defined as the number of days from sample collection (e~g. sample
date) to extraction.

6.2.2 I-lolding time for analysis is defined as the number of days from sample extraction in the laboratory
to date injected/analyzed by the instrument.

NOTE: For volatiles (GC or GC/MS, low level ornmedium level) holding timneis always
defined as the number of days from sample collection until analysis.

6.3 Aqueous samples are collected in one (I) liter amnber bottles with Teflon lined caps. No chemical
preservation required. Soil samples are collected in 4 oz. or 8 oz. Teflon lined jars. Samples are stored at
4"C from the time of collection. All water samples must be extracted within seven (7) days of collection.
Soil samples must be extracted within fourteen (14) days of collection. All extracts, soil or water must be
analyzed within 40 days of extraction.

7.0 Procedure

7.1 Samples are extracted based onl matrix using one of thle following sample extraction methods:

Method Matrix Introduction
35 10 Water Separatory Funnel LiqUid-Liquid

___ __ ___ __ ___ __ ___ __ ___ __ ___ __ ___ __ _ x tract ion
3520 Water CniusLqidLiuid Extraction
3540 Soil /Solid Soxhlet Extraction
3550 Soil /Solid Ultrasonic Extraction
3580 Liqud/ oi Waste Dilution
3620 Extracts IFlorisil Clean-Up

Sample preparation proced ires are detailed within thle above SOPs.

Batch QC recltieirene)ts are discussed specifically In theC Qua lily Manulal. In general, thie following
batch QC samples are requ ired tbr each extraction batch.

Mlethod Blank (M B)

Lahocator,- Coniitro~ciilll S~peLaihoratorpi Control Sample Diq~licaie ( LCS/LCS D). See section 5. 1 0 for
spiking solution information.

Matrix Spike/Monrix Spike Dup.liccate (MS/MSD) - If cnough sample is available.

7.2 Chrormaographic conditions

7.2.1I Systemn I carr ier gas (I lelium) flow rate: 5- 10 nt/ini

Temperature program
Initial temperature I120 0C hold for I mi mite
program: 1 200C to 3000C at 8.50 C/min
Final temperature: 3 00 0C hold for 8 minutes.

7.2.2 System 2 carieri gas (I-Id iUm1) flow rate: 5-I) ini/mm
Temper atuire program

Initial temperature: 900C, hold for I minute
Programl 90 0C to 3000 C at I I 0C/inn
F-tinal temperature 300 0C holId for 0 m mintes.

The Standard Operating Proceduire has been prepared for the sole use of Lab Management partners, Inc.
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7.2.3 System 3 carrier gas (Helium) flow rate: 0.50 ml/min

Injection port temperature: 2000 C
Detector temperature: 3000C
Purge time 0.2 minutes
Purge flow: 15 mL/minute
Injection volume: 0.5 ul
Temperature program

Initial temperature- 1200 C, hold for 3 minutes

Program: 120 0C to 215SC at 30 0C/min
Hold for 1 minute
2150C to 300 0C at 30 0 C/min

Final temperature: 3000 C hold for 3 minutes.
Total run time: 12.99 minutes

Signal 1: Range =4
Attenuation = 0

Signal 2: Range =5
Attenuation = 0

7.3 Data Processing - All data for organic instruments is acquired by the networked PC/Client acquisition

software (ChromPerfect, Enviroquant ... ). Data files are then uploaded to the NT ChernServer for

processing and evaluation utilizing a networked version of the Target3 environmental data processing

program. All processing methods/initial calibration are performed and maintained by the Target3 system.

7.4 Documentation

7.4 I Daily Run Log. The samples analyzed for each analytical sequence are recorded on the daily nin log.

This log is identified by the analytical system and date analyzed and is used to record the analytical

sequence prior to entry in the data acquisition system. A copy of the log(s) is included in the
sequence package Refer to Api~endix F

7.4.2 Sequence Checkt-ist. This list is specific for this analytical method and is designed to ensure that all
major QC elements of an analytical sequence are accounted for and evaluated. In addition, QC

requirements for the preparation batch are also addressed. Refer to App~endix F.

7.5 Daily Instrument Maintenance. Due to the sensitivity of electron capture detectors (ECD), regularly
scheduled maintenance is required to enable the analyst to obtain usable data as needed from the system

Maintenance should be performed daily, prior to the analysis of standards and samples.

7.5.1 Daily maintenance consists of:

F, Replace septa. Allow a maximum of 50 injections.
o Replace injection port seal and inlet sleeve.
oi Cut approximate I to 2 inches from the head of the capillary column.
El Rinse the lumen of the inlet nut with hexane and blown dry with a micro-duster

to remove any septum particles.

o: Bake-out the GC at 310 0'C between sequences.

7.6 Retention Time Windows (RTW). The process of defining RTWs is detailed in the Quality Manual.

By definition, this SOP requires that the default standard deviation of 0.0033 minutes (window - 0.01
minutes) be used. RTW reports are generated periodically to monitor the analytical systems and ensure that

the default value remains appropriate.

Note: The center of the absolute retention time window for each analyte is its retention time in the

mid-concentration standard analyzed during the initial calibration.

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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7.7 Injection Port Inertness Check. Prior to the analysis of any standards or samples, the inertness of the
GC system must be demonstrated for each analytical sequence:

7.7.1 DDT and Endrin are easily degraded in the injection port. Breakdown occurs when the injection port
liner is contaminated with high boiling residue from sample injection.

7.7.2 Check for degradation problems by injecting a standard containing only 4, 4'-DDT and Endrin.
Presence of 4, 4'-DDE, 4, 4'-DDD, Endrin ketone or Endrin aldehyde indicates breakdown.

7.7.3 If degradation of either DDT or Endrin exceeds 15%, take corrective action as specified in section
7.5 before proceeding with any analysis.

7.7.4 The stock solution used for breakdown evaluation is purchased from either Ultra Scientific (ISM-
450) or Accustandalrd (M1808I 1-D5) and diluted to a concentration of 0.04/0 08 ug/mLt Endrtn and
D DT.

%breakdow.n of DDT sum ci cdeg-adation peak areas DDD DDE)KlOO
sum ci al peak areas (DDT DDE -ODD)

% brcakdovnr at [ncrit sum of degradat on pc-ak areas ialdenydc. kerone~xoO
sami o at at peak areas ([rerr . adoldeycl - etorc-)

7.8 Initial Calibration - The external standard procedure is used to calibrate the chininatograph ic system.
Prepare the calibration standards using the 11rocedIL1res outlined in section 5. Calibrat on proced ores ate
detai led in thie Quality Manual

7.8.1 Single Component ]Pesticides. Calibrate the GC withi an initial eight- (8) point calibration using
working standards as in Section 5.9. Thie lowest calibraition stan daidc (WS - I) is be low thie method
q u~antitat ion I imit (NI QL) of'0.04 ug/L flor water and 2.0 ug/Kg for soil, The highest calibrat on
standard (WS-8) dfefines the uipper linear lange offthe chromatnograph ic system.

7.8.2 NIUIt i-Componenut Pesticides A single meid-rnge standard is analyzed forl Ch lordane and Toxaphenle
to aid in pattern recognition. If a mnulti-component pesticide is identinfied in a sample, the system is
re-calibrated for that pest icicle wvith a minimum offthree (3) standai ds. The extract is re-analyzed with
the new calibration and quantitated. Calibrat ions for1 the lutl ti-comuponent pesticides are based onl
three (3) to five (5) maj or characteristic peaks.

7.8.3 Note: When eval iating the initial cali biation using Target 3 software, a minimum of five calibration
levels must be used. Staixiard W S-2 is requ ired f or this method and mist not be disabled. If the use
of WS-2 does not meet miniial calibration caen iea, corrective act ion tiust be taken to allow the system
to be calibrated with WS-2.

7.8.4 Each cal ibrati on standard is Ii reCt ly injected Via a utHOSamlp Ir. This technique wvill be used for all
subsequent inject ions made onl the ch oroatogi aphic system. The calibration factor (CF) is
automatically calculated by the Target3 system.

CF Peak Aaea ia; Height) ol the C0ornpnUnd in the Stainu-sar
M~ass of ;he Compound Injected tin narnograrnsi

Vhe Standaid Operating Procedui re has been prepared for the sole use of Lab Management Plartners, fInc
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Average CF Calibration. This is the first and best option that the analyst should consider and

use whenever possible. To validate the initial calibration for this option, the percent relative

standard deviation (RSD) of the CFs must be less than or equal to 20%.

treian CF 7-

Linear Regression. If the %RSD of the average CF option is greater than 20% or at the

discretion of the analyst, a linear regression calibration may be used. The y-intercept must

not be above the lowest calibration point in order to use this option. In order to be used for

quantitative purposes, r 2 must be greater than or equal to 0.990

V:CF ?TTY 'ID

7.8 4.1 Quadratic. Due to the nature and sensitivity of the ECD, this option is allowed

specifically for the analysis of chlorinated pesticides. This option may be used at the

discretion of the analyst. T'he y-intercept must not be above the lowest calibration point in

order to use this option. In order to be used for quantitative purposes, r2 must be greater than

or equal to 0.995.

7.8 4 2 The analyst should not force the line through the origin, but have the intercept

calculated from the data points. In addition, do not include the origin (0, 0) as a calibration

point A visual inspection of the calibration curve should also be used as a diagnostic tool

when nonlinear behavior is observed to verify if there is a large percentage error in any

particular portion of the calibration curve.

7.8.5 If the initial calibration cur ve does not meet the above criteria, a problem exists Identify and correct

the problem. Perform the initial calibration again. Sample analysis may not begin until the initial

calibration has been validated.

7.9 Initial Calibration Verification (Icy). The initial calibration is verified as accurate by the analysis of

an independent calibration verification standard. This standard is prepared independently of the ICAL from

a second source. The ICy standard must meet method continuing calibration verification (CCV) criteria in

order to validate the initial calibration.

7.10 As a rule, an initial calibration is performed for each analytical sequence. The ICV is analyzed after

the last calibration standard.

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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7.11 Continuing Calibration Verification (CCV). The current initial calibration (CF and retention rime)
must be verified within each analytical sequence every 20 samples and at the end of the sequence.
Verification is accomplished by the analysis of the mid-range standard WS-4. CCVs are analyzed in pairs
(e.g. CV IA, CV IB).

Calculate the % difference where CFv is the calibration factor from the
analysis of the verification standard, and CF is the mean calibration factor from the initial
calibration.

CF- 7r
% Difference 100

7.1 1. 1.1 The % difference for the calibration verification standaird should not exceed H 15%
for each analyte.

7.11.1.2 SW-846 also allows for thre tise of the averaged % difference of all calibrated
analytes. Thie average must include aill analytes in the calibration, regardless of whether they
arle target ainalytes for a specific project. For Level Ill and IV data packages, CCV reports are
provided along with a case narrative. The average VX difference for the calibration
verification stantdard muist not exceed ± I. Trhe ma',ximum lallowable' % differenceefor aniy
ndi VidnalI ana lyte must not exceed 30

7.11.1.3 SW-846 specifies that samples analyzed using external standards must be bracketed
by periodic analyses of standards that meet thle QC acceptance criteria (e.g., calibraition and
I etention time). 'i he resulIts from these bracketing standards must meet thle calibration
yenificat ion criteria and the retention time criteria as listed above. I owever, if the standard
analyzed after a group of samoples exhibits a response for an analyte that is above thie
acceptance limit, i.e., >15%A, and the analyte was not detected in any of the previous samples
during thie anatlytical shift, then the sample extracts do not need to be reanalyzed. The
verification standard has demonstrated that the analyte would have been detected were it
piesent.

7,11.2 All tar~get analytes anid surrogates shouild fall within previousgly established retenition timie windows.

7. I I 3 lIfthieCV doesinot mieet the above criteria:

7.1 1 3 1I Evaluate thle second CV for the faluling analytes. If the second CV passes for those
analytes, the sequence is valid.

7.1 1.3.2 If thie second CV fails for thle analytes, then samples analyzed before and ,after thle
failing CV may need re-analysis.

7.12 Gas chriomatographilic anailysis

7.1I 2.1I All extracts (standlards and( samples) are i niroduced into the gas chromatongraph using automated
direct injection. .Samples Zile analyzed in a set referred to as an ,analytical sequence.

The Standard Operating procedUre has been prepared for the sole use of Lab Management Partners, Inc.
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7.12. 1.1 Sequences are initiated on the ChromPerfect data system. The information entered

into the sequence file will be uploaded with the data file to the Target server. Sequences
procedures are detailed in the petcid smar abe

7.12.1.2 The sequence is identified by the system identifier and the date of the analyses:

P3030901
P3 = Pesticide System 3
030900 = Date of Analysis (03/09/00)
01 = First sequence of the day

7 12.1.3 Data files are defined by the sequence id plus the data file number:

P3030901.0 I R - I "data file for this sequence.
P3030901I.02R - 2cpd data file for this sequence.

7 12.1.4 A pesticide evaluation mix (PEM) is then analyzed to monitor breakdown (section

7.12.1.5 Typically an initial calibration followed by samples interspersed with mid-range

calibration verification (CV) standards are analyzed. The sequence ends when the set of
samples has been injected or when QC criteria has been exceeded (%D >1 5) The analytical

sequence may begin with a continuing calibration verification followed by samples if the

1 5% criteria is met for all target analytes of interest. A calibration verification standard must

be analyzed after each group of 20 samples and at the end of the analytical sequence.

7.1 2.1 .6 Detailed information concerning the analytical sequence is provided in the pesticide

suimmary tablae.

7.12.2 A Leon~ence checklist must be completed for each analytical sequence. This checklist summarizes the

method requirements and allows the analyst to record information specific to the analytical sequence.

7.12.3 Extracts (sample and lab QC) are prepared in duplicate to allow the dual injection on both thre

primary and confirmation column.

7.1 2.3.1 lO00nI glass inserts are inserted in the autosampler vials. If dilutions are to be
performed, no insert is used

7.12.3.2 A portion of the sample extract is transferred to two (2) vials that are identically
labeled. One will be placed in the autosampler for injection of the front column while the

second will be placed to be injected on the back column.

7.12.4 Tentative identification of a single component analyte occurs when a peak from a sample extract
falls within the absolute retention time window Confirmation occurs when this analyte falls within

the absolute retention time window for the second column. Target Form 10, Pesticide Dual Column

Confirmation Check, is used to summarize the identified analytes (ApLnendix F).

7.1 2.4 I Data for the primary analysis is reviewed initially for the tentative identification of

an analyte.

7.12.4.2 If an analyte is identified in the primary, the confirrmation analysis is reviewed for

that analyte.
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7.12.4.3 Use the Target Form 10 to perform an evaluation as to whether an analyte is
confirmed. Calculations are discussed in Section 7.13. The relative percent difference of the
primary and confirmation results should be less than 40% for the analyte to be reported. The
analyst should also evaluate the RPD of the surrogate compounds to monitor the validity of
the 40% RPD.

7.12.4.4 CC/Ms confirmation may be tised in circumstances where the concentration is high
enough.

7.12.5 Identification of multi-component analytes (e.g. Chiordlane and Toxaphenie) is based on the
characteristic fingerprint retention time arnd shape of the indicator peaks. Three (3)1to five (5) major
peaks are selected for use in qualitative and quantitative identification.

7.12.5.1 Data for the primary analysis is reviewed initially for the tentative identification of
the atrialyte.

7.12.5.2 Iran analyte is identified in the primary, thie confirmation analysis is reviewed for
that analyte.

7. 12.5.3 use the Trar-get Formi Iot o per form an evaluation as to whether an analyte is
confirmed. Calculations are discussed in section 7 13. The relative percent difference of the
primary and confiri rat ion results shouild be lIess than 40%A for thie anal yte to be reported. The
analyst should also evaluate the RPD of the surrogate conipon nds to miornar the validity of
the 40%A RPD.

7.12.5.4 CC/Ms con tirmat ion may be uIsed in circumstances where thle concentration is high
enough.

7. 13 Calcirlations. All calculations are hand led by the Target3 en viroinmertla sample processing software
QWant i tation reports are generated for all samples (e.g. sample, blanks, controls ... ). These reports
sumniarize the analytes identified, retention, ariea/height, on-columin amiount and final concentration
adjutsted for diurtion and/or sample size.

7.13.1 QUalntitation ol'single com1ponent anialytes arc deterinned by comparting the response in the sample
to the CF from the initial calibration. Based on review of the initial calibration and calibration
verifications, one columin is assigned ats primary ,and one is assigned as conIi rmation for the
analytical sequence.

7.13.2 QUantitati1 on f ToxapheneC and Ch lordane is accomplished according to the flbIlowving:

7. 13.2.1I Upon identiftication of a mnUlti-compo1)Nerlt aim lyte, thle sample Must be re-armlyzed
after a minimum three (3)-point initial calibration (Toxaphiene or Chlordanre).

7. 13.2.2 Quantitation is performed by comparing the response in the satriple of 4 to 6
characteristic peaks for Toxaphene or 3 to 5 characteristic p~eaks for Chlordlane the CF fromt
the initial calibration of the same characteristic peaks

7. 13.2.3 Based oil review of the initial calibration and calibrat ion yen i icat ions, one column
is assigned as pri mary and one is assigned as confirmnation for thie analytical sequeilce,

7. 13.3 If thie response of any coilfirmned ana lyte exceeds the u pper calibration standard, the sample mii st be
diluted and reanalyzed. It is recommended that samples be diluted so that all peaks are on scale and
have not exceeded the linear range of the detector. If peaks are off'scale, the judgment of the analyst
is critical in determining if further dilutions are needed

Thie Standard Operating Procedure has been prepared for the Sole USe of Lab Management Partners, Inc.
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7.13.4 Water Samples
where:

Concentration (jWgl.) - (A,~)(V,)(

A = Area (or height) of the peak for the analyte in the sample.

Vt = Total volume of the concentrated extract (ml) - default 10.

D - Dilution factor, if the sample or extract was diluted prior to analysis. If no dilution was

made, D = I. The dilution factor is always dimensionless.

CIF =Mean calibration factor from the initial calibration
Vi =Volume of the extract injected (Ld) - default I.

Vs =Volume of the aqueous sample extracted (ml) - default 1000.

Using the units specified here for these terms will result in a concentration in units of ng/mL,

which is equivalent to lig/L.

7 13.5 Solid Samples

Concentration {pgr%9j -t~VyA

All values same as for water except:
Ws - Weight of sanmple extracted or purged (g). Either the wet weight or dry weight. Unless

otherwise specified, all soil results are reported on a dry wveight basis. Using the units

specified here for these terms will result in a concentration in units of nglg, which is

equivalent to ptg/kg.

7.13.6 When sample results are confirmed (single or multi-component) the agreement between the

quantitative results should be evaluated after the identification has been confirmed (e.g. Form I10).

The relative percent difference (RPD) defines the difference between the two (2) results It should be

noted that RPDs are calculated when at least one results (from the primary or confirmation column)

is greater than the quantitation limit.

7.13.6.1 Results are reported. when possible, from the column assigned as primary

7.13.6.2 If one result is significantly higher (e g. >40%), check the chrornatogram for any

obvious signs of matrix interference such as over lapping peaks. If interference is obvious,

the result should be reported fronm the second column

7.13.6.3 If no anomalies are noted, then wvhenever possible, the high result should be

reported. Ilowever, this may be precluded by the assignment of the column as confirmation.

7.14 Instrument Maintenance.

7.14 1 Routine maintenance is an integral part of maintaining a productive quality analytical system

throughout the laboratory. Instruments must be maintained at optimum performance to ensure the

highest level of quality and sample throughput.

7 14.2 In addition, documentation of the maintenance in the instrument maintenance logbook will allowv the

analyst and Supervisor to track the performance of the instrument, identify trends and minimize

overall downtime.

7J.1421 Daily maintenance is described in section 75.
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8.0 Quality Control/Quality Assurance/Corrective Action

8.1 Refer to the Laboratory Quality Manatizernent Plan (LQMP) for QC procedures and evaluations to be
employed for this method.

8.2 A summary of control limits and spike concentrations canl be provided to support this SOP.
8.3 Corrective Actions are those actions performed to correct situations that are deemed adverse to data
quality. Corrective actions are addressed in section 10 of the LQMP and in the SOP "Non-conformance
and Corrective Action." Corrective actions are usually addressed within the procedure section of the
analytical SO!'. Examples of situations requiring corrective action:

8.3.! Initial calibration does nlot meet criteria.

8.3.1.1 Review the initial calibration to seeif aniyone (I) poinitappears as asignlificanit
outlier. This standard(s) may be re-analyzed and replaced in the initial calibration.

8.3.1.2 Compare calibration responses to previous calibrations to identify significant
differences.

8,3,1.3 Review the calibration procedure and standards to ensure that they were prepared
properly.

8.3.1.4 Evaluate the system and perform maintenance as necessary.

8.3.1I 5 Perform the initial cali brat ion again.

8.3.2 Calibratlion vei i ficati on does not meet crither ia.

8.3.2.1 Re-anailyze the veritication for the failing anialytes. If these pass, thle analytical
sequence may conti nce. If the re-analysis fails for those analytes, thle analytical sequence
must be stopped and the system evaluated.

8.3.2.2 The Use of the average percent difference forl all calibrated anialytes may be
employed by [ihe analyst based onl discussion with thle section supervisor and proj ect
manager.

8.3.3 Sample result above the high point in thie initial calibration.

8.3.3.1 If the result is within 10%, of thle high point, the result is considered valid, flagged
as "'[ - Exceeds calibration range" and reported. This result should be discussed in a Case
Narratiye.

8.3.3.2 If the result not with in 10% oft he high poinit, the resu tilmaiy be reported withi
approval firor thle project manager This approval must take into account the data quality
objectives of the project.

8.3.3.3 Re-aniialyze thiesaniipIeatan appropriate diI titioni.

9.0 Data Validation

9.1 Refer to thle Quality Manual for data validation procedures and guidelines.

I10.0 Training & Training Validation

I 0. I Refer to thle Laboratory Employee Training SOP for training procedures and guidelines.

I1.0 Waste Management and Disposal

The Standard Operating procedure has been prepared for the sole uise Of Lab Management Partners, ]Inc
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11.1 Refer to the Waste Management Plan for waste disposal procedures.

12.0 Health and Safety

12.1 Refer to the Chemical Hygiene and Laboratory Safety Plan for health and safety procedures and

guidelines.

13.0 References

13.1 Solid Waste Manual, SW846 Update 111, December 1996.

1 3 2 U.S. Army Corps of Engineers (USACE) Shell for Chemical Analytical Requirements EM 200-1-3.

13.3 Standard Methods for the Examination of Water and Wastewater, 18th and 201h Edition.

13.4 EPA, Methods for Chemical Analysis of Water and Wastes, EPA -600/4-79-020, March 1983.

13.5 NELAC, Quality Systems, Revision 14, June 29, 2000.

13.6 NELAC, Program Policy and Structure, Revision 13, June 29, 2000.

13.7 40 CER Part 136 Appendix A.

13.8 EPA Guidance for Preparing Standard Operating Procedures (SOPs), EPA QA/G-6, EPA/240/B3-
0 1/004, March 2001

13.9 EPA 2185 -Good Automated Laboratory ]Practices

13.10 OSHIA Laboratory Standard, 29 CFR 1910.1450.

13.11 OSH-A Compliance Guide, Kirk H- Ray, 8"I Edition.

13.12 "Proposed 0S11A Safety nd Health Standards. Laboratories'", Occupational Safety and Health
Administration, 5 I FR 26660, July 24, 1986.

13 13 Laboratory Safety in Practice, A Comprehensive Compliance Program and Safety Manual,

13.14 Sa~cfrtvinAcadeintc Chiennistrv Laiboratones~", American Chemiical Society Publication, Commlittee
on Chemical Safety

13.1 I"Car-cinogens - Workinig itith (i-acinogets ", Departmenitof Health, Education and Welfare, Public
l-ealth Service. Center for Disease Control, National Institute for Occupational Safety and H-ealth,
Publication No. 77-206, August 1977.
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Appendix A
Detection Limits

Method Quantitation Limits

ug/L ug1Kg
ANALYTE: CAS # Water Soil
Single-Comnponent Pesticides
aiphia-BI1 IC 319-84-6 0.04 2.0
beta-BH C 3 19-85-7 0.04 2.0
delta-131 I 319-86-S 0.04 2.0
gamnar-131 IC (Lindane) 58-89-9 0 04 2.0
Aipha-ehlordarie 5 103-7 1-9 0.04 2.0
Gairaia-chlordane 5 103-74-2 0.04 2.0
Chiorpyri l's 292 1-88-2 0.04 2.0
I leptachlor 76-44-8 0.0O4 2.0
I leptachlor Epoxide 1024-57-3 0.04 2.0
Aldrin 309-00-2 0.04 2.0
Dicidrini 60-57-1 0. 04 2.0
Endr(inl 72-20-8 0.04 2.0
E1ndrin Aldehyde 742 1-93-4 0.04 2.0
Elndri n Ketone 53494-70-5 0.-04 2 0
p~p'-DD)L 72-55-9 0. 04 2.0
p,p'-DDI) 72-54-8 0.04 2.0
1) P-DDY!' 50-29-3 0.04 2.0
IJjl0ndSUlj'j 1a 959-98-8 0.04 2.0
IEndCosI111an If 332 13-65-9 0 04 20
lsnd1(osu I Em1 su lI Ite 103 1-07-8 0,04 2.0
Meilioxych or1 72-43-5 0.04 2.0
NI" hi-Comnponent PesticidFes-
Chiordanle ~57-~74-9 025 ~ 20
Toxaphene 8001-35-2 2.5 200
Surrogates
Tretrachiloro-nm-xylene (TMX) 877-09-8 --- 31T-96 379-13 0
Decachlorobiphenyl (DCB) 2051 -24-3 3--4-1 15 64-154

Nominal Sample Size for Water: lOD0mins
Nominal Samnple Size for Soil: 30g
Nominal Final Volumne: I Omirs

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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Appendix B
Standard Solutions

Stock Cone

Solution Description Use ugimi Solvent Vendor

ISM-450 Pest Evaluation Mix (PEM) PEM 1 /2 Isooctane Ultra

PPM-8080 Pesticides - Targets icAL 1,000 exolne Ultra

P-01 7S-H-I1OX Chiordane - Target ICAL/MS 1,000 Hexane Accustandard

P -0935-H-50X Toxaphene -Target ICALIMS 5,000 Hexane Accustandard

ISM-320 DCB/TMX - Surrogates ICAL/Samp/MS 200 Acetone Ultra

P-0942-1 OX Dursban ICAL/Samp/MS 1,000 Hexane Accustandard

ACE-8081-SC Pesticides -Target ICV 1.000 Hex/Tol Accustandard

4-8065 Chlordane -Target ICV 1,000 Isooctane Supelco

5§-3535 Toxaphene - Target ICV 1,000 Hexane Protocol

CLP-032R DCS/TMX - Surrogates CV 00Acetone ATccustandard

US-i 27-4 Pesticides -Targets L-CS/MS 2,6000 H-e-x/Tol Ultra

Intermediates Initial Final Final

IVolumne(uls) jVolume(mis) I solvent jConc(ugiml)

ICAL ~ PP-808C2I -Turgets 200 10 Hexane 20 0

CAL 1P~PM-09481O -Targets 200 10 Hexane 20 0

ISM-320 -Surrogates 1000 10 Hexane 20 0

P-017S-H-10X - 1000 10 Hexane 100

Chlordane

ISM-320 -Surrogates 1000 10 Hexane 20 0

Toxaphene No Intermediate

ISM-320 - Surrogates 1000 10 Hexane 20 0

Surrogate ISM-320 - Surrogates 200 100 Acetone 0 40

LCS/MS 1US-127-4 - Targets 50 100 Acetone I 00

P-0942-10X 100 100 Acetone 1 00

QC FC FV FC 250mis FC lOO0mIs FC30*]

ug/ml ug/mI ug/L ugiL ugK

Surrogate - Int ISM-320

Spike Iint per
250/lOO0mts or S0g
Final Volume = l OMIs

TMX/DCB 0 40 0 04 If6 0 40 13 3

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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Appendix C
Initial Calibration Dilution Schedules

ISM-320 - Suroae

Current - Ultra 
___

Fnal Volume lO0mis of Hexane
Analyte PPM-80-8C Nominal WS-1 WS-2 -WS-3 WFS- S- W -6 WS -7 WS-8

ISM-320 u/m 2 20 s0 100 ISO 200 300 2000

Aldrin 20 0.0004 0 004 0.010 0 020 0 030 0 0401 0.060 0.400
alpha-BHC 20 004 004 0 010 0.020 0 030 0.0401 006-60 0.400
beta-RHO 20 0 0004 0 004 0 010 0 020 0 030 0 040 0 060 0 4-00
delta-RHOC0 0004 00 0 010 0.20 0M03 0.040 0.060 0.400

gamma-RHO 20 0 0004 0 004 0.010 0 020 0.030 0 040 0060 0 400
alpha- Chlordane 20 0.00041 0 004 0 010 0 020 0.030 0 040 0 060 0 400

gjamma-Ohlord-ane -20 0.0004 0.004 0.010 0.020 0.030 0.040 0 060 0 400
4,4-DOD 20 00 004 000 010 0 020 0 030 0 040 0 060 0.400
4,4-DDE 20 0 0004 0,004 0 010 0.020 0.0 30 0-04 0 0 060 0 400
4,4-DOT 2 0 0.004 0-004 0 010 0-020 0-030 0 0401 000 0 400
Dieldrin 20 0.0004 0.004 0 010 0 0201 0 030 0.040 0 060 0.400

Endosuffan I 20 0.0004 0.004 0 010 0 020 0.030 0 040 0.060 0,400
Endosulfan 11 20 0 00041 0 0041 0 010 0 020 0.030 0 040 0 0601 0 400

Endosulfan Sulfate 20 0.00041 0 0041 0 010 0 020 0 030 0 040 0 060 0 400
Endrin 20 0 00041 0.0041 0.010 0.020 0.030 0-040 0.060 0.400

Enrdrin ~Aldehyd~e 20 0.0004 0.004 0 010 0.02 0 0-030 0.040 0.060 0.400
Endrin Ketone 20 0.0004 0 0041 0 010 0 020 0 030 0 040 0 060 0 400

Heptachlor 20 0.0004 0.004 0.010 0.201 0 030 0 040 0.060 0.400
HPeptachlor Epo-xide(b) 20 000 .04 0 010 0 0201 0 030 0 040 0.60 0 400

Methoxychlor 20 0 0004 0 004 0 010 0.020 0.030 0.040 0 060 0 400
-TMX --Surrogat~e 2-0 -0000004 0 010 0 0201 0 030 0 040 0 060 0,400

DRBC --Surrogate- 20 0.0004 0 004 0 010 0 0201 0 030 0 040 0.060 0.400

TV= lO00mI Hexanne -WS -1 S2 W-3 WS -4 WS -5 WS-6-

TargetsSurrogates ug/rMl ul 25 50 200 500 1000 2000

Oh-iordane P-01~7S-H- 1-00 0 025 0 050 0 200 0 500 1 000 2 000
lox

TMX -Surrogate 20 0 005 00(10 0.04 0 0.100 0.200 0-400
DRO i-B Surrogate 20 _0.005 0-010 0-040 0 100 0 200 0 400

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners~, hic
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WS-1 WS-2 WS-3 WS-4 WS-5
________________ _________ ~~~~~(Ic y) _ _ _ _ _ _ _

Fv =S~omlHexane u/-mi ul 2 5 5 10 20 40

Toxaphene P-093S- 5000 0.250 0 500 1 000 2 000 4 000
H-10X _ _ _ _ _ _ __ _ _ _ _ __ _ _

TMX - Surrogate* 20 0 010 0 002 0.004 0 008 0 016

nAG - Surrogat& 2-0 1 001 0 10020 10080 0-200 -0400 ___

* 25 50 1 200 500 10

Appendix E

Spiking Solutions

QC EC FV FC 250 mls FC IlOO0mls EC 30 g
Ug/mII ug/mil ug/L ug/L ug/Kg

Surrogate- lot 1SM320
Spike I ml per 250/1 000 mls or 30g
Final Volume - 10 mis

TMC/DCB 0 40 0.04 1.6 0.40 13.3

LCS/ICV6 UJS127-4/P0942-IOX
Spike I ml per 250/1000 mls or 30g
Final Volume - I Omnis

Targets 1.00 0.10 4.00 1.00 33.3

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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Appendix F

Run Log

Sequence Check List -Single Component Analytes
Sequence Check List - Multi-Comptonent Analytes

Pesticide Dual Columin Confirmation Check

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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1.0 Scope and Application

1.1 This method is used to determine the concentration of various chlorinated herbicides. This SOP
addresses the requirements of SW-846 methods 8OOOB (Revision 2 December 1996) and SISI]A
(Revision I December 1996). This method is applicable to the analysis of water, soil, liquid and solid
samples.

1.2 Instrumentation: Dual capillary GC equipped with dual electron capture detectors (ECD) and
autoisampler.

1.3 The method quantitation limit (MQL) is based onl the lowest point in the initial calibration curve for a
particular analyte. Detection limits (NMDL, MQL, MRL ... ) are detailed in SOP 'Determination of
MDL/MQL/MRL".

1.4 Refer to Appendix A for applicable detection limits.

2.0 Summary of Method

2.1 Method SIS IA is based onl the solvent extraction of a sample (e.g. liquid/liquid or sonication) and
subsequent con centration and deri vatizati on of the extract. The extract is then anlalIyzed by cap illIary
gas chromatography.

2.2 One thousand (1I000) milLiliters of water or 30 gramns of soil is spiked with surrogate compounds.
Diethlyl ether extraction solvent is used for aqueous samples and rmethylene chloride is used for soil
samples, Thie extract is then esterified with diazomnethane. The derivatives are determined by
GIC/IEC I).

2.3 LM P, Inc Ut ili7ZCS Si miiltaneCous injection of the extract. The analytical systems available have dual
autosarrplIers, dual injection ports, dual columns and dna I detectors. Tbis allows the acquisition of
data from both the pri mary (A) and confirmation coIl timns (IA). Compound identification is based onl
qualitative and qluatitative informiation from both coIlumn1s.

2.4 This analytical method is based iii part onl methods S0001B and 8 15 1 A Solid Waste Manuala SW-846,
"Test Methiods for eval nat ing Solid Waste', 3rd lEdit ion and thie "Shell for Analytical Chemistry
Rer~jiiiremcYts" USACE version I 0 2 Nov 98. Extraction methods are detailed in this SOP~.

3.0 Interferences and Potential Problems

3.1 Solvents, reagents, glassware and other sample processing hardware may yield artifacts or
interterences to sample analysis. All these materials must be demonstrated to be free firom
inter fereceics under the conditions of the analysis by the extraction and ,analysis ofimethod blanks
Specific selection of reagents and solvents meay be necessary.

3.2 Interferences by phithalate esters introduced during sample preparation canl pose a major problem in
herbicide determinations.

3.2.1 Common flexible plastics contain varying amounts of phthalate esters, which are easily
extracted or leached flrom Such materials (lur ing labor atory operations.

3.2.2 Cross-contamnination of clean glassware routinely occurs when plastics are handled during
extraction steps, especially when solvent-wetted Surfaces are handled.

3.2.3 Avoiding contact with any plastic materials can best minimize interferences f-rom plitha late
esters.

3.3 Method interferences are reduced by proper glassware cleraning procedures. Cleaning procedures are
detailed in SOP "Organic Laboratory Glassware Cleaning Procedures".

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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3.4 Organic acids, especially chlorinated acids, cause the most direct interference with the determination
by methylation. Phenols, including chlorophenols, may also interfere with this procedure.

3.5 The herbicides, being strong organic acids, react readily with alkaline substances and may be lost
during analysis. Therefore, glassware must be acid-rinsed and then rinsed to constant pH with
organic-free reagent water. Sodium sulfate must be acidified.

3.5.1 Sodium sulfate, if over acidified through improper preparation, can cause the structural
degradation of the chlorinated herbicides to be analyzed. Care must be taken to ensure that

sodium sulfate is properly acidified.

3.5.2 Refer to Section 5 for instructions on how to prepare an acidic solution to rinse all glassware

before using.

3.6 Method blanks must be extracted with each preparation batch to demonstrate that the system is free

from method interferences.

3.7 High purity reagents must be used to minimize interference problems.

3.8 Contamination by carryover can occur whenever high-level and low-level samples are sequentially
extracted. Extreme caution must be exercised whenever handling concentrated waste samples (e.g
product, solvent, etc.).

3.9 Sample extracts should be dry (free of water contamination) prior to methylation or poor recoveries
may result.

4.0 Equipment and Apparatus

4 1 Gas chromatograph - Configuration 2 (This system is generally dedicated to the analysis of
chlorinmated herbicides )

4.1.1 Gas Chroniatograph - Hewlett Packard 5890 Series 11 CiC equipped with dual capillary
column injection pornts and dual electron capture detectors (ECD). The GC is equipped with
a 100-place IHl 7673 autosampler. Justice Innovations ChromPerfect software is utilized to
acquire data where it is transferred to a central ChciuServer and processed using Target3

analytical software.

4.1.2 Column I -30 mieter x 0.32-mm ID Restek RTx-CLPesticides2 0.25 micron film thickness
Restek #1 1324

4.1 3 Column 2 -30 mneter x 0,32-mrn ID Restek RTx-CLPesticide 0 5 micron film thickness.
Restek #1 1139

4.2 Ultrasonic Extraction System. Tekimar dual horn unit with %/" horns and sonabox enclosure.

4.3 Solvent Evaporation/Concentration Apparatus. Labconco Rapid N, Evaporation System

4.4 Alternate Solvent Concentration Apparatus - Kuderna-Danish (K-D). (If Labconco systems are

unavailable)

4A4.1 Concentrator tube - I10-nL graduated (Kontes K-570050-1025 or equivalent). A ground-
glass stopper is used to prevent evaporation of extracts.

4.4.2 Evaporation flask - 500-mL (Kontes K-570001-500 or equivalent). Attach to concentrator
tube with springs, clamps, or equivalent.

4 4.3 Snyder column - Three-ball mnacro (Kontes K-503000-0121 or equivalent).

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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4.4.4 Snyder column -Two-ball micro (Kontes K-56900l-0219 or equivalent).

4A4.5 Springs - 1/2 inch (Kontes K-662750 or equivalent).

4.5 Diazomethane Generator - Assemble from two 20 int x 150 mmn test tubes, two Neoprene rubber
stoppers, and a source of nitrogen. Use Neoprene ribber stoppers with holes drilled in them to
accommodate glass delivery tubes. The exit tube must be drawn to a point to bubble diazonmethane
through the sample extract. The generator assembly is shown in Appendix F.

4.6 Glassware

4.6.1 Beaker -250nil

4.6.2 Separatory funnel - 2 liter with PTFE stopcock

4.6.3 Centrifuge bottle - 50ml Pyrex® 1260 of equivalent

4.6.4 Er lenmecyer Flasks - 5O0mil

4.6.5 Pipet - I mld calibr ated serological

4.6.6 Vials - 40rm1 with Teflon septa.

5.0 Reagents and Standards
5. I Reagent gradle chemicals shall be used in all tests Unless otherwise indicated, it is intended that all

reagents shall con form to the spec ificat ions of thle Committee onl Analytical Reagents of the American
Chemical Society, where such specifications are available, Other grades may be used, provided it is
Ii rst ascertained that the reagen its ofsufficiently high purity to permit its use wvithout lessening thle
accuracy of the determiination.

5.2 All reagenits/solvenits/stiilandads must be traceable using thle Soliii ion Validation Quiality Assurance
Pr ocedure (SVQA P).

5.3 Organic-f1ree reagent water - All references to watle In this method refer to organic- free reagent water,
as defined in Chapter One of'S W-846.

5.4 Diethyl E-ther, Fisher Scientific E199-4

5.5 Methylenec Chloride. Fisher Scientific DI 5 1-4

5.6 I jexane. Fisher Scientific 11303-4

5.7 MeIthianol. Fisher Scientific A454-4

5.8 Isooctane. Fisher Scientific

5.9 Lsterification Reagents

5.9.1 CarbitolI (diethylene glycol roonoethyl ether). Optional, For producing alcohiol-free
di azoimethane.

5.9.2 N-miethiyl-N-nlitroSO-p-T[oIl uenesul fonam iiide (Di azald)

5.9.3 Silicic Acid (Ill2 SiO 5). 100-miesh powder stored at 1 300C

5.9.4 37 %/, KOI I Solution (w/v): Dissolve 37 gi alis of'potassiumn hydroxide pellets in to 100 nl-
ofcdeionized water.

Thie Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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5.10 Sodium sulfate (granular, acidified, anhydrous Na2SO,4. Purify by heating at 400 0C for 4 hours in a
shallow tray, or by cleaning the sodium sulfate with methylene chloride. Acidity by slurring I100-g
sodium sulfate with enough diethyl ether to just cover the solid; then add 0.1 ml of concentrated
sulfuric acid and mix thoroughly. Remove the ether under vacuum. Mix I g of the resulting solid with
5 mL of organic-free reagent water and measure the pH of the mixture. It must be below a pH- of 4
Store the remaining solid at l3QoC.

5.11 pIlI Adjustment Solutions

5 11.1 Sodium Hydroxide (NaOI 1). 6N - 240grams of NaOH to I OO0ml or organic free water.

5.11.2 Sulfuiric Acid (H-1S04). 12N -Add 334mls of concentrated sulfuric acid very slowly to I
liter of organic free water. REMEMBER, ALWAYS ADD ACID TO WATER!!! This
translates to O.3mls of sulfuric acid per ml of organic free water. Assign a SRN and store in a

labeled glass container.

5.12 Glassware Rinsing Solution. Add l.0mI of concentrated sulfuric acid to lOO0mls of organic free
water.

5.13 Stock calibration standards

5.13.1 Standards (targets and surrogates) are purchased as certified solutions from various vendors.
The list of solutions, catalogue number s and concentrations are listed in the herbicide
summary table. A copy is provided in Appendix B.

5.14 Intermediate Standards. Prepare the following standards in hexane:

5.14.1 Inter mediate standards (targets and surrogates) are prepared from stock standards. Refer to

Appendix B3 Intermediate Standards.

5 15 Working Standards These standards are prepared from the intermediates listed in section 5.8 and are
used to performo initial calibrations, Refer to Appcndix C for the initial calibration dilution schedule

5.15 I Prepaie a "second source" initial calibration verification (ICV) standard (single and mnulti-
component) as listed for WS#4 in Appendix C.

5.16 Matrix spike and surrogate solutions are prepared from the same standards used to prepare the initial

calibration. Refer to Appendix B for spike amounts and concentrations. QC limits are provided in
Appendix D

5.17 The following considerations should always be followed in preparing all of the above standard
solutions

5.17.1 All reagents/solvents/standards must be traceable using the Solution Validation Quality
Assurance Programn (SVQAP).

5 17.2 Secondary dilution standards should be checked frequently for signs of degradation or

evaporation, especiallyjust prior to preparing calibration standards from them.

5.17.3 Standards must be replaced after 6 months or sooner if comparison wvith the ICV standard
indicates a problem.

5.1 74 Stock or neat solutions and standards must be stor ed in proper containers, away from light
and should not be transferred from the original container The date received, expiration date

and any other pertinent information should be recorded in the Reagent Reference Log. The
date received must also be recorded on the standard container, clearly visible to all analysts

using it.

The Standard Operating Procedure has been prepared for thre sole use of Lab Management Partners, Inc
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5.17.5 All intermediate and working solutions must be stored in light protected containers with
Teflon lined caps at a temperature of 4oC or less.

6.0 Sample Preservation and Containers

6.1 As a rule, LMP, Inc. does not engage in sampling activities. f owever, each analytical method has
specific container and preservation (chemical and/or temperature) requirements.

6.1.1 Refer to the Quality Manual for guidance concerning containers, preservation and holding
times.

6.2 F folding Times

6.2.1 H olding time for extraction is defined as the number of days from sample collection (e.g.
sample date) to extraction.

6.2.2 1 bIoding time for analysis is defined as the number of days f-rom sample extraction in the
laboratory to date injected/analyzed by the instrument.

NOTE: For volatiles (GCor GC/MS, low level or medium lievel) holdinigtime cis always
definied astheinumiber of days from saiinplecolle~ction unittil analysis.

6.3 Aqueouis samiples arc collected in one (l)1iter amiber bottles with Teflon liniedcaps. No chemiical
preservation requii ed. Soil samples are collected in 4 oz. or 8 oz. Teflon lined jars. Samples are stored
at 4C from the time of collection. All water sxamples must be extracted with in seven (7) (lays of'
collection. Soil samples must be extracted within fourteen (14) days of collection. All extracts, soil or
water must be analyzed wi hini 40 (lays of extraction.
BecaUSe these compounds are produced and used in var ious formis (i.e., acid, salt, ester, etc.), Method
8 151 describes a hydrolysis step that can be used to convert herbicide esters into the acid form prior
to analysis. I lerbicide esters generally have a half-life of less than one week in soil.

7.0 Procedure

7.1I Samples ai extracted based on matrix using one0 of the following sample extracti on methods:

Matrix IntroductionI
Water Separatory Funnel Liquid-Liquid

Extractlion
Soil / Solid Ultrasonic Extraction
Liaii /Sa id Waste Dilution

Sample preparation procedures are detailed within this SOP.

Batch QC reqlUiremuents are discussed specifically in the Quality Manual. In general, the following
batch QC samples are required for each extraction batch:

Method Blank (M B)
Lahoratorv Control Suauple/Laboratoi)y Control Sample Duplicate (LCS/LCSD0). See section 5 10 for
spiking solit ion information.

Matrix Spike/Mautrix Spike Duplicate (MS/MSD) - If enough sample is available.
7.2 Extraction Procedure for Waters

7.2.1I Using a graduiated cylinder, transfer a I -I. sample alIiquot to a 2-1- separatory funnel. Spike
the sample with the appropriate surrogate sol ut ion (section 5)

The Standard Operating Procedure has been prepared for the sole uase of Lab Management Paitners, Inc.
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7.2.2 Add 250 g of NaCI to the sample, seal, and shake to dissolve the salt.

7.2.3 Use the following procedure only of herbicide esters, in addition to herbicide acids, are to be
determined.

7.2.3.1 Add 17 mL of 6N NaOl I to the sample, seal, and shake. Check the pH- of the
sample with pH paper. If the sample does not have a pH greater than or equal to 12, adjust
the pl1 by adding more 6N NaOH. Let the sample sit at room temperature until the
hydrolysis step is completed (usually 1-2 hours), shaking the separatory funnel and contents
periodically.

7.2,3.2 Add 60 mL of methylene chloride to the sample bottle and rinse both the bottle and
the graduated cylinder. Transfer the methyiene chloride to the separatory funnel and extract
the sample by vigorously shaking the funnel for 2 minutes, with periodic venting to release
excess pressure. Allow the organic layer to separate from the water phase for a minimum of
10 minutes If the emulsion interface between the layers is more than one-third the volume of
the solvent layer, the analyst must employ mechanical techniques to complete the separation
phase. 1'he optimum technique depends upon the sample, but may include stirring, filtration
through glass wool, centrifuigation. or other physical methods. Discard the methylene
chloride phase.

7.2.3.3 Add a second 60-mI volume of methylene chloride to the separatory funnel and
repeat the extraction procedure a second time, discarding the methylene chloride layer.
Perform a third extraction in the same manner.

7.2 4 Add 17 intL of cold (40C) 12 N sulfuric acid to the sample, seal, and shake to mix. Check the

pht of the samnple with pH paper. If the sample does not have a il I less than or equal to 2,
adjust the pl I by adding more acid,

7.2.5 Add 120 mL dliethyl ether to the sample, seal, and extract the sample by vigorously shaking
the funnel for 2 mi wvith periodic venting to release excess pressure. Allow the organic layer
to separate fromt the water phase for a minimum of 10 min. Filter the ether using a funnel

with Whatman 41 filter paper containing acidified sodium sulfate.

7.2.6 Add 60 mL of diethyl ether to the sample, and repeat the extraction procedure a second time,
combining the extracts in the 500-mL Erlenmeyer flask. Perform a third extraction with 60-

mL diethyl ether in the same manner. Allow the extract to remain in contact with the sodium
sulfate for approximately 2 hours.

NOTE: The drying step is very critical to ensuring complete esterification Any moisture
remaining in the ether will result in low herbicide recoveries. The amount of sodium sulfate

is adequate if some free flowing crystals are visible when swirling the flask. If all of the
sodium sulfate solidifies in a cake, add
a few additional gramns of acidified sodium sulfate and again test by swirling.

The 2-hour drying time is a minimum, however, the extracts may be held in contact with the

sodium sulfate overnight.

7.2.7 Quantitatively transfer the dried extr act through a funnel with a Whatmian 41 filter paper and

collect in the nitrogen-evaporating flask.

7.2.8 Evaporate the extract on using the Nitrogen evaporator to a volume of approximately l-m1L,

7.2.9 Dilute the extract with I nmL of isooctane and 0 5 iniL of methanol, Dilute to a finial volume

of 4 ml. with diethyl ether The sample is nowv ready for methylation wvith diazonmethane.

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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7.2.10 Proceed to the esterification step.

7.3 Extraction Procedure for Soils

7.3.1 Add 30Og (dry weight) of the well-mixed solid sample to a 250-mL beaker, Adjust the p1- to
2 with 2 drops of concentrated hydrochloric acid and thoroughly mlix the contents with a
glass-stirring rod. Spike the sample with surrogate(s).

7.3.2 The ultrasonic extraction of solids must be optimized for each type of sample. In order for
the ultrasonic extractor to efficiently extract solid samples, the sample must be free flowing
when the solvent is added. Acidified anhydrous sodium sulfate should be added to soils
(normally 1: 1), or any other solid that is not a free flowing sandy mixture, until a free
flowing mixture is obtained.

7.3.3 Add I100 miL of rmethylene chloride/acetone ( 1: I v/v - assign SRN) to the beaker. Perform
ultrasonic extraction for 3 minutes, with output control knob set at 10 (full power) and with
mode switch on Pulse (pulsing energy rather than continuous energy) aind percent-dluty cycle
knob set at 50% (energy onl 50% of time and off 50% of time). Allowv thle solids to settle.

7.3.4 Filter thle extract into a 500-miL Erlenmneyer flask bottle using a Whatmnan 41 filter paper
containing acidiftied sodium sulfate. Thie Erlenmeyer Flask should contain 10 g of acidified
sodium sulfate.

7.3.5 Ultrasonically extract the sample twice more using 100 nmL ofimethylene chloride and the
same ultrasonic conditions. Filter as in step 4 ,and combine thle three organic extracts into the
500-mil Frlern eyer flask containing the I fg of'acidified sodium sti Ifate.

7.3.6 Periodically, vigorously shake thie extract and dtrying agent and allow the drying agent to
remani in contact with the extract for a mini mu i of 2 hours.

NOTE: Thie dtrying step is very critical to ensuring complete esteri iticati on. Any moisture
remaining in the ether will result in low herb ic ide recover ies. Thie amount of sodiurn sulfate
is adequate if somne free flowing crystals are visible when swirling the flask. If all of the
sodiumn sulfate solidifies in a cake, add a few additional grains of acidified soditum Stillite
and again test by swirling. Thie 2-hour drying time is a minimum, however, thle extracts may
be held in contact with thle sodium stilIfate ovein ight

7.3.7 Quantitautively transfer the enitie contents of the flask, inc I tding sodtium sulfate to the
nin togen blow-down flask using a funnel with a Whatmoan 41 filter paper. Rinse the inner
WvallIs of the flask into the filIter fuannel.

7.3.8 Evaporate thle extract onl using the Nitrogen evaporator to a voltime of approximately I -roL.

7.3.9 Di lute thle extract with I niL- of isooctane and 0.5 nl- of methanol. Diue to a final volume
of 4 m L- with diethyl ethier. The sample is now ready for methyl at ion with dhizoimethane

7.4 Esterficiction. Diazomnethane derivatization - Thie bubbler method.

CAUTION: lDiazomnethane is a carcinogen and can exIplodl uinder certain conditions.

Thie bubbler method is suggested wvhen small batches of samrples (10 - 15) require esterification. Thie bubbler
method works well with samples that have low concentrations offherbicides (e~g., aqtueous samples) and is
safer to use than the 1)i al~d kit procedure.

The following precatitions should be taken:
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U Do not heat above 90oC - EXPLOSION may result.

LI Avoid grinding surfaces, ground-glass joints, sleeve bearings, and glass stirrers -EXPLOSION may
result.

7.4.1 Add 5 mL of diethyl ether to the first test tube. Add I mL of diethyl ether, I m1L ofecarbitol,
1.5 mLt of 37% KOH, and 0.1I- 0.2 g of Diazald to the second test tube.

7.4.2 Immediately place the exit tube into the concentrator tube containing the sample extract.
Apply nitrogen flow (10 mL/min) to bubble diazomethane through the extract for 10 minutes

or until the yellow color of diazomethane persists.

7.4.3 The amount of Diazald used is sufficient for esterification of approximately three sample
extracts. An additional 0.1I - 0.2 g of Diazald may be added (after the initial Diazald is
consumed) to extend the generation of the diazomethane

7.4.4 There is sufficient KOI I present in the original solution to perform a maximum of
approximately 20 minutes of total esterification.

7.4.5 Remove the concentrator tube and seal it with a Neoprene or PTFE stopper. Store at room
temperature in a hood for 20 minutes.

7.4.6 Destroy any unreacted diazomnethane by adding 0.1I -0.2 g of silicic acid to the concentrator
tube. Allow to stand until the evolution of nitrogen gas has stopped.

7.4 7 Adjust the sample volume to I10.0 nmL with hexane. Stopper the concentrator tube or transfer
I nmL of sample to a GC vial, and store refrigerated if Jurther processing will not be
performed immediately Extracts should be stored at 4oC away from light Most analytes are
stable for 28 days.

7.5 Chromatographic conditions

7.5.1 System I carrier gas (Il~eliunm) flow rate: 5- 10 mil/min

Temperature program
Initial temperature. 1200 C, hold for I minutes
Program 120 0C to 300 0C at 8.5 0C/min
Final temperature: 3000C hold for 8 minutes.

7.5.2 System 2 carrier gas (1-elium) flow rate: 5-1 0 ml/min

Temperature program
Initial temperature: 900C, hold for I minutes
Program: 900C to 300 0C at I I0C/mnin
Final temperature: 3000 C hold for 0 minutes.

7.5.3 System 3 carrier gas (I leliuim) flow rate: 5-10 ml/mmu

Temperature program
Initial temperature- 120 0C hold for I minutes
Program: 1 20 0C to 300 0C at 8 50C/min
Final temperature: 3000C hold for 2 minutes

7.6 Data Processing - All data for organic instruments is acquired by the networked PC/Client acquisition
software (ChromPerfect, Enviroquant.. ). Data filies are then uploaded to the NT ChemServer for
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processing and evaluation utilizing a networked version of the Target3 environmental data processing
program. All processing methods/initial calibration are performed and maintained by the Target3
system.

7.7 Documentation

7.7.1 Daily Run Log. The samples analyzed for each analytical sequence are recorded on the daily
run log. This log is identified by the analytical system and date analyzed and is used to
record the analytical sequence prior to entry in the data acquisition system. A copy of the
log(s) is included in the sequence package. Refer to Appendix E.

7.7.2 Sequence Checkt-ist. This list is specific for this analytical method and is designed to ensure
that all major QC elements of anl analytical sequence are accounted for and evaluated. In
,addition, QC requirements for the preparation batch are also addressed. Refer to Appendix E.

7.8 Daily Instrument Maintenance. Due to the sensitivity of electron capture detectors (ECD), regularly
scheduled maintenance is required to enable the analyst to obtain usable data as needed froml the
system. Maintenance should be performed daily, prior to the analysis of standards and samples

7.8.1 Daily maintenance consists of:.

o, Replace septa. Allow a maximumn of 50 injections.
oJ Replace injection port seal and inlet sleeve.
oJ Cut approximnate I to 2 inches firom the hlead of the capillaiy columni.
o3 Rinse the lumnen of the inlet unut with hexane and blown dry with a mincro-duister

to remove any septum particles.
ol Bake-out the GC at 2600 C between seqUenlces.

7.9 Retention Ti me Windows (RTW). The process oftdefining RTWs is detailed in the quality manual.
By definition, this SOP requires that the default standard deviation of'0.01 iii mtes (window = 0.03
minutes) be used. RTW reports are generated periodically to monitor the analytical systems and
ensure that thle defaultl value remains appropriate.
Note: Tihe center of the absolute rleent ion time window for each analyle is its retention time in thle
mid-concentration standard analyzed during the initial calibration.

7.10 Initial Calibration - The external standard procedure is used to calibrate thie chromatographic system
Prepare the calibration standards using the procedures outlined in section 5. Calibration procedures
are detailed in the Quality Manual.

7 10. I Calibrate thle CC with an initial seven (7) point calibration using working standards as in
Section 5.14. Thie lowest calibration standard (WS-1I) is at or belowv the method quantitation
limit (MQL). The highest calibration standard (WS-7) defines the uipper linerar range of the
chromatograph ic system.

7. 10.2 Note: When evaluating the initial calibration using Target 3 software, a mi nimum of five
calibration levels must be used. If standard WS-1I is required for this method it Must not be
disab lcd. If thle use Of WS-1I does not meet initial calibrat ion criteria, corrective action must
be taken to allow the system to be calibrated with WS- I

7.10.3 Each calibration standard is directly injected via autiosarnpler This technique will be used for
all subsequent injections made onl the chromatographic system The calibration feactor (CF) is
automlaticailly Cal~culIated by the Target3 system.
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CF -Peak Area (or Height) of the Compound in the Standavd
Miass of the Compound Injected (in rnanogramns)

7 10.3.1 Average CIF Calibration. This is the first and best option that the analyst should
consider and use whenever possible. To validate the initial calibration for this option, the
percent relative standard deviation (RSD) of the CFs must be less than or equal to 20%.

7.10.3.2 Linear Regression If the %RSD of the average CIF option is greater than 20% or at

ini~onC1 ?

VtCr I'
SD H~~~~~~~~SD -t A I1of.

the discretion of the analyst, a linear regression calibration may be used. The y-intercept
must not be above the lowest calibration point in order to use this option.

7.10.3.3 Quadratic. Due to the nature and sensitivity of the ECD, this option is allowed
specifically for the analysis of chlorinated herbicides This option may be used at the
discretion of the analyst. The y-intercept must not be above the lowest calibration point in
order to use this option.

7.10.3.4 The analyst should not force the line through the origin, but have the intercept
calculated furom the data points In addition, do not include the origin (0,0) as a calibration
point. In order to be used for quantitative purposes, r must be greater than or equal to 0.99.

7.10 4 If the initial calibration curve does not meet the above criteria, a problem exists. Identify and
correct the problem. Perform the initial calibration again. Sample analysis may not begin
until the initial calibration has been validated.

7 It Initial Calibration Verification (ICy). The initial calibration is verified as accurate by the analysis of
an independent calibration verification standard. This standard is prepared independently of the ICAL
from a second source. The ICV standard must meet method continuing calibration verification (CCV)
criteria in order to validate the initial calibration.

7.12 As a rule, an initial calibration is performed for each analytical sequence. The ICV is analyzed after
the last calibration standard.

7.13 Continuing Calibration Verification (CCV). The current initial calibration (CF and retention time)
must be verified within each analytical sequence every 20 samples and at the end of the sequence.
Verification is accomplished by the analysis of the mid-range standard WS-4. CCVs are analyzed in

pairs (e.g. CV IA, CVI B).

7.13.1 Calculate the % difference

CF-
%Drfference 100
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where CFv is the calibration factor from the analysis of the verification standard, and CF is
the mean calibration factor from the initial calibration.

7.13.1.1 The % difference for the calibration verification standard should not exceed ±15%
for each analyte.

7.13.1.2 Section SW-846 also allows for the use of the averaged Ye difference of all
calibrated analyles. The average must include all analytes in the calibration, regardless of
whether they are target analytes for a specific project. For Level Ill and IV data packages,
CCV reports are provided along with a case narrative.

7.13. .3 A maximumn acceptance limit of 30% is used for individual compounds for the
CCV when the grand mean approach is used.

7.13.1.4 SW-846 specifies that samples analyzed using external standards must be bracketed
by periodic analyses of standards that meet the QC acceptance criteria (e.g., calibration and
retention time). The results from these bracketing standards must meet the calibration
verification criteria and the retention limne criteria as listed above. I lowever, if the standard
analyzed after a group of samples exhibits a response forran analyte that is above thie
acceptance limit, i.e., >1 5%~, and the analyte was not detected in any of'the previous samples
during the analytical shift, then thle sample extracts do not need to be ceainalyzed. The
verification standard has demonstrated that the ainalyte Would have been detected were it
present.

7. 13.2 All target ana lytes andi surrogates shoulId fall within previously established retention timle
windows.

7.1 3.3 I fthe CV does not meet the above criter ia:

7.13.3.1 IEvaluate the second CV For thle failing analytes. If the second CV passes for those
analytes, the sequence is valid,

7. 13.3.2 If the second CV ai Is for the ana lytes, then samples analyzed before and aftter the
fl i ng CV may need re-analysis.

7.14 Gas churomatographic analysis

7.14.1I All extracts (standards and samples) are introduced into the gas chiromatograph using
automnated direct inject ion. Samples are analyzed in a sct Iee ed to as an analytical
sequence.

7. 14. I.1 ISequences are initiated onl the Chromilerlbct data system. The iiiformiation entered
into the sequence file will be uploaded with the data tile to the Target server Sequences
procedures are detailed in the herbicide summary table.

7. 14.1I.2 The sequence is identified by the system identiftier and the date of the analyses:
112030901
112 = I lerbicide System 2
030900 = Date of Analysis (03/09/00)
01 = First sequence of the clay

7. 14.1I.3 Data filIes are defi ned by the sequence id plus the data file nilmber-:

I112030901 .01 R - I" data file for this sequence.
1 12030901 .02R - 2c"I data file for thits sequence

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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7.14.1.4 Typically an initial calibration followed by samples interspersed with mid-range

calibration verification (CV) standards are analyzed. The sequence ends when the set of
samples has been injected or when QC criteria has been exceeded (%D >15). The analytical
sequence may begin with initial calibration verification followed by samples if the 15%
criteria is met. A calibration venification standard must be analyzed after each group of 20

samples and at the end of the analytical sequence.

7.14.1.5 Detailed information concerning the analytical sequence is provided in the

herbicide summary table.

7.14 2 A sequence checklist must be completed for each analytical sequence. This checklist
summarizes the method requirements and allows the analyst to record information specific to
the analytical sequence.

7.14.3 Extracts (sample and lab QC) are prepared in duplicate to allow the dual injection on both
the primary and confirmation column.

7.14.3 1 lO0ul glass inserts are inserted in the autosampler vials. If dilutions are to be
performed, no insert is used.

7.14.3.2 A portion of the sample extract is transferred to two (2) vials that are identically
labeled. One will be placed in the autosampler for injection of the front column xvhile the

second will be placed to be injected on the back column.

7.14 4 Tentative identification of a single component analyte occurs when a peak from a sample
extract falls wvjthin the absolute retention time window. Confirmation occurs when this

analyte falls within the absolute retention time window for the second column. Target Form
10, Pesticide Dual Column Confirmation Check, is used to summarize the identified analytes

(Appendix E).

7 14.4.1 Data for the primary analysis is reviewed initially for the tentative identification of

an analyte.

7.14.4.2 If an analyte is identified in the primary, the confirmation analysis is reviewed for

that analyte

7 14.4.3 Use the Target Form 10 perform evaluation as to whether an analyte is confirmed.
Calculations are discussed in section 7.1 5

7.14.4.4 GC/MS confirmation may be used in circumstances where the concentration is high

enough.

7.1 5 Calculations. All calculations are handled by the Target3 environmental sample processing software.

Quantitation reports are generated for all samples (e.g. sample, blanks, controls ... ). These reports
summarize the analytes identified, retention, area/height, on-column amount and final concentration
adjusted for dilution and/or sample size.

7 15.1 Quantitation of single component analytes are determined by comparing the response in the

sample to the CF from the initial calibration. Based on review of the initial calibration and
calibration verifications, one column is assigned as primary and one is assigned as

confirmation for the analytical sequence.

7 15.2 If the response of any confirmed analyte exceeds the upper calibration standard, the sample
must be diluted and reanalyzed It is recommended that samples be diluted so that all peaks

are on scale and have not exceeded the linear range of the detector. If peaks are off scale, the
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judgment of the analyst is critical in determining if further dilutions are needed.

7.15.3 Water Samples

Concentration (pglt.) -(A,)(V)(D.)

where:
A = Area (or height) of the peak for thle analyte in thle sample.
Vt =Total volume of the concentrated extract (ml) - default 1 0.
D =Dilution factor, if the sample or extract was diluted prior to analysis If no dilution was
made, D = I. The dilution factor is always dimensionless.
CIF =Mean calibration factor from the initial calibration
Vi =Volume of the extract injected (ptL) - default 1.
Vs =Volume of the aqueous sample extr acted (nil) - default I1000.

Using the units specified here for these terms will result in a concentration in units or ng/mL,
xvhich is equivalent to pg/L.

7.15.4 Solid Samples

Concentration (pgflq)

All values same as for water except:
Ws = \Veight of sample extracted or purged (g). Either thle wet weight or dry weight Unless
othierwise specified, all soil results are reported onl a dry weight basis U.sing thle units
specified here for these terms wvill result in a conlcentration inl units Of n1g/g, wvhich is
equivalenlt to aig/kg.

7.1I 5.5 When sample resutis are con firmed (single or muIt i-comoponent) the agreement between the
qUantitative reSUii tSshoii d be evaluated a fter thle ident iticati on has been confirmed (e.g.
Formo 10). Thle relative percent difference (R P1) de tines the difference between the two (2)
results.

7.1 5 5.1 R~esults are reported, when possible, fr-om the columin assigned as primlary.

7.15.5 2 If one result is significantly higher (e.g. >40%A), check the chronmatograml for anly
obvious sings of matrix interference such as overlapping peaks. If interference is obvious,
the result Should be reported from the second column.

7.15.5.3 If no ;anomalies are noted, thenr whenever possible, the high result should be
-eported. [-lowever, this may be precluded by the assignment of the column as conIi rmat ion.

7.16 Instumnent Maintenance

7.1 6.1 RZoutine maintenance is anl integral part of maintaining a productive quality ,analytical] system
(hro ugh ont thle laboratory. Instruments m 0st be ma in a ined at opt imu m pe fribi]a nce to
ens are thle highest level of quality and sample throughput.

7.1I 6.2 In addition, dlocumnentation of the maintenanice in the instumunent maintenance logbook will
alIlow the analyst and supervisor to track the performance of the instrument, identify trends
aind minimize overall downtimle.
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7.16.2.1 Daily maintenance is descenbed in section 7.8.

8.0 Quality Control!Quality Assurance/Corrective Action

8.1 Refer to the Quality Manual for QC procedures and evaluations to be employed for this method.

8.2 A summary of control limits and spike concentrations are provided in Appendix D to this SOP.

8.3 Corrective Actions are those actions performed to correct situations that are deemed adverse to data
quality. Corrective actions are addressed in section I0 of the LQMP and in the SOP "Non-
conformance and Corrective Action." Corrective actions are usually addressed within the procedure
section of the analytical SOP. Examples of situations requiring corrective action:

8.3.1 Initial calibration does not meet criteria.

8.3. 1.1 Review the initial calibration to see if any one (I) point appears as a significant
outlier. This standardhs) may be re-analyzed and replaced in the initial calibration.

8.3.1.2 Compare calibration responses to previous calibrations to identify significant
differences.

8.3 1 3 Review the calibration procedure and standards to ensure that they were prepared

properly.

8.3.1.4 Evaluate the system and perfonn maintenance as necessary.

8.3.1.5 Perform the initial calibration again.

8.3.2 Calibration venification does noi meet criteria.

8.3.2.1 Re-analyze the verification for the failing analytes. If these pass, the analytical
scquence may continue. If the re-analysis fails for those analytes, the analytical sequcnce

must be stopped and the system evaluated.

8.3.2.2 The use of the average percent difference for all calibrated analytes may be
employed by the analyst based on discussion with the section supervisor and project
manager.

8.3.3 Sample result above the high point in the initial calibration.

8.3.3.1 If the result is within 10% of the high point, the result is considered valid, flagged
as "E - Exceeds calibration range" and reported. This result should be discussed in a Case
Narrative.

8.3.3.2 If the result not within 10% of the high point, the result may be reported with

approval from the project manager. Tlhis approval must take into account the data quality
objectives of the project.

8.3.3.3 Re-analyze the sample at an appropriate dilution.

9.0 Data Validation

9.1 Refer to the Quality Manual for data validation procedures and guidelines.

1 0.0 Training & Training Validation

lQ.l Refer to the Employee Training SOP for training procedures and guidelines.
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11.0 Waste Disposal

11.1 Refer to the Waste Management Plan for waste disposal procedures.

12.0 Health and Safety

12.1 Refer to the Chemical Hlygiene and Safety Plans for health and safety procedures and guidelines.

13.0 References

13.1 Solid Waste Manual, SW 846 Update 11I, Decemnber 1996.

13.2 U.S. Army Corps of Engineers (USAGE) Shell for Chemical Analytical Requirements, EM 200-1-3.
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Appendix A
Detection Limits

Method Q uantitation Limits
______________________________________ ug/L ug/K g

ANALYTE: CAS # Water Soil

2,4-D 94-75-7 0 10 30.0

2,4-DB 94-82-6 0.1-0 20.0

2,4,5-TP(Silvex) 93-72- I 0.03 1.00

2,4,5-T 93-76-5 0.20 5.00

Dalapon 75-99-0 0.75 60.0
Dicamba 1918-00-9 0.80 20.0
Dichloroprop 120-36-5 -0 I0 - o0.0

Dinoseb 88-85-7 2.70 15.0

MCPA 94-74-6 180 510
MCpp 93-65-2 20 1000

s-urrogates
2,4-DCAA 19719-28-9 _______

Nominal Sample Size for Water: IOO0mls
Nominal Sample Size for Soil: 3Og
Nominal Final Volume: lomls
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Appendix D
Control Limits

Recovery Limits

ANAILYE: CAS #Water Soil
2,4-fl 94-75-7 2-1T-I5 0 20-150
2,4-DI3 94-82-6 20-150 20-150
2,4,5-TrP(Silvex) 93-72-1 20-150 20-150
2,4,5-T' 93-76-5 20-150 20-150
Dalaponl 75-99-0 20-150 20-150
IDicaniban 1918-00-9 20-150 20-150
Dichloroprop 120-36-5 20-150 20-150
Dinioscb 88-85-7 20-150 20-1 50
MCPA 94-74-6 2-0-1 50 20-150
MCIT~ 93-65-2 20-150 20-150
Su rrogatles
2,4-I)CAA 19719-28-9 20-150 20-150

T'he Standard Operating Procedure has been prepared for the sole use of Lab Management partners, hic
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Appendix D
Spiking Solutions

Surrogate M-8150B-SS-PAK - Surrogate

Intermediate 2,4-Dichloriohenylacetic acid Spike imi per 250/1000mls or 3og

f FC [FV Simi (TCLP) FV FC 250mis [C iQO10mI FC 3OI
Final Volume= lOrris j ug/m ugiml ugimi ugIL ugIL ug/Kg

2,4-Dichlorophenylacetic Acid 2 5 0 50 0 20 10 2 5 83.3

LCS/MS -Current M-8150A-PAK -Targets Spike Iml per 250/1000mis or 3og c--

FC FV Simi (TCLIP) FV FC 2S0mls C1000mI! FC Sog

Initial Cone ugfml" Final Volume= l orIs ug/mi uglmi ug/mi ug/L ugiL ug/Kg

100 2,4-D 1 00 0 20 0~50 20.0 5 0 167

100 2,4-OB 100 _____ _ 050 20 0 5 0 167

100 2,4,5-T 1I00 0 50 20.0 6 0 167

100 2,4,5-TP(Silvex) I 00 0 20 0 50 20 0 5,0 167

100 Dalapon 100 0______ 050 20.0 5 0 167

100 Dicamba 1 00 0.50 20 0 5 0 167

100 Dichloroprop 1 00 0 50 20 0 5 0 167

100 Dinoseb I 00 0 50 20r0 5.0 167

10000 MCPA 100 ________ 50,00 2000 0 500.0 16667

10000 MCPP 100 ______ 50.00 2000 0 500 0 16667

LCSIMS - Current* HBM-8150A - Targets _______ _______

Spike I m per 250/1lOO0mls or 3( FC FV Smi (TCLP) FV FC 2S0mIs C lOO0mI FC S0g

Initial Conc ug/ml' Final Volume = l0mls ug/mi ug/mi umi ugIL ug/L uglKg

100 2.4-D 1 00 0 20 0.10 4 0 1.0 33.3

100 2,4-DR 1 00 _____ _ 010 4,0 1 0 333

10 2,4,5-T 0 10 0 01 0 4 0 1 3 3

10 2,4,5-TP(Silvex) 0.10 0 02 0 01 0)4 0.1 3 3

250 Dalapon 2.50 0 25 10 0 2 5 83 3

10 Dicamba 0 10 ______ _ 001 0.4 1 0.1 3 3

100 Dichloroprop 1 00 0 10 4 0 1.0 33.3

50 ~~~~~~~~Dinoseba 0 50 0 05 2 0 0 5 16.7

10000 ~~~~~ ~~MCPA 100 10 400 100 3333

10000 ~~~~~ ~~MCPP 100 10 400 100 3333-
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Appendix E

Run Log

Sequence Check List

Herbicide Dual Column Confirmation Check
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Appendix F

pIon Ivbiqg
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Appendix G
Summary of Preparation Method

General Information

0 Organic acids, especially chlorinated acids, cause the most direct interference with the detennination by
mnethylation. P1henols, including chlorophenols, may also interfere with this procedure. The dletennination using
pentA~llorobenzylation is more sensitive and more prone to interferences from the presence of organic acids or
phienols than by mnethylation.

o Alkaline hydrolysis and subsequent extraction of the basic solution removes many chlorinated hydrocarbons and
phihalate esters that might otherwise interfere with the electron capture analysis. However, hydrolysis may result inl
the loss of dinroseb and (lhe formation of aldol condensation products if any residual acetone remains from the
cxii action of solids.

o The herbicides, being strong organic acids, react readily with alkaline substances and may be lost during analysis.
TIhcrefore, glassware must be acid-rinsed and then rinsed to constant pi I with organic-free reagent water'. Sodium
suff ile must be acidi fled.

o Sample extracts should be dry prior to roethylaton or else poor recover ies will be obtained.L

Ult rasonic extraction

I Add 30 g (drly wveight) or the well-mixed solid sample to a 250-iol beaker Adj ist the pitI to 2 with 2 drops of
concentrated hydrochlor ic acid and thoroughly mnix the contents with a glass-si ring rod. Spike the sample
with sll mrogatef s).

2. Ihe ultrasonic extract ion of'solids must be optimlized for each type of sample. In order for the ultrasonic
extractor to e ffice t ly extract solid samples, the sample must be free flowing when thie solvent is added.
Acidiflied anhlydr)otS~islsod itimslfaIte ThoulId be added to sotils (norma I ly 1: I), or any other solid that is not a
tree 'lowing sandy i11Mnlx r, unitl a free flowing inixture is obtai ned.

3. Add I100 roL ofnmethylenre chloride/acetone ( 1: I v/v - assign SRN) to thre beaker. Perform ultrasonic extraction
for 3 minUtes, With output control knob set at 10 (full] power) and with mode switch on Pulse (pulsing energy
rather thian continuous energy) and percent-duty cycle knob set atl 500/ (energy onl 50%Y of time and off 50%, of
time). AlIlowv the so lids to settle.

4. Filtci the extract into a 500-nmL Erlenmueyer flask bottle using a Whatruan 41 filter paper containing acidified
sodiffml su.flfate. The Erlenmneyer flask should contain 10 g of acidified sodium sulfate

5. Ultrasonically extract the sample twice more us tng 100 niL ofimethylenre
c hioride and the same ultrasonic conditions, Filter as in step 4 and combine the three organic extracts into the
500-nin I'drenimeyer flask containing the I Og of ac idiftied sodium sulfflite.

6. Periodically, vigorously shake the extract and( drying agent and alIlow the drying agent to remain inl contact
with thie extract for a m ilinilimn of 2 hours
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NOTE: The drying step is very critical to ensuring complete esterification. Any

moisture remaining in the ether will result in low herbicide recoveries The

amount of sodium sulfate is adequate if some free flawing crystals are visible

when swirling the/laskc If all of the sodium sulfate solidifies in a cake, add

afiew additional grams, ofacidified sodnun sulfate and again test by swirling.

The 2-hour drying time is a minimum, however, the extracts may he held in

contact with the sodium sulfate overnight.

7 . Quantitatively transfer the entire contents of the flask, including sodium sulfate to the nitrogen blow-down

flask using a funnel with a Whatinan 41 filter paper. Rinse the inner walls of the flask into the filter funnel.

8. Evaporate the extract on using the Nitrogen evaporator to a volume of approximately I niL.

9. Dilute the extract with I mL of isooctane and 0.5 mL of methanol. Dilute to a final volume of 4 mL with

diethyl ether. The sample is now ready for nmethylation with diazomethane.
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Liquid/Liquid extraction

I . Using a graduated cylinder, transfer a 1-L sample aliquot to a 2-L separatory funnel. Spike the sample with the
sur rogate Solution.

2. Add 250 g of NaCI to the sample, seal, and shake to dissolve the salt.

3. Add 1 7 nil- of cold (4oC) 12 N sulfuric acid to the sample, seal, and shake to mix. Check thle p11I of the sample
with pi I paper. If the sample does not have a pi I less than or equal to 2, adjust the pl-I by adding more acid.

12N Sulfuric acid - Slowly add 334 nds of concentrated sulfuric acid to I liter of organic free water. NOTE:
Always add acid to water. This translates to 0.3nls of sulfuric acid per ril of organic flee water. Assign a
SRN and store in a labeled glass container.

4. Add I120-mL, diethyl ether to the sample, seal, and extract the sample by vigorously shaking the funnrel for 2
rmi with periodic venting to release excess pressure. Allow the organic layer to separate fromt the water phase
For a mulinimuni of 10 min. Filter the ether using a funnel with Whatmnan 41 filter paper containing acidified
sod i tm Sal falte.

5. Iemove the aqueotis phase to a 2- L Erlenmneyer flask and collect the ether phase in a 500-mil- Erlenmneyer flask
containing approximlately I10 g of acid ifled anhydrous sodium Sal fate. Periodically, vigorotisly shake the
extinct and drying agent.

6. Return the aqtueous phase to thle separatory fuinnel, add 60 nl- of diethyl ether to the sample, and repeat thle
extraction proced tre a second time, combining the extracts in thie 500-nio EL rlenineyer flask Perto arm a third
extraction with 60-iniL diethyl ether in the same manner. Allow the extract to remain InI contact wvith thie
Sodijam SaL fille for approximaitely 2 hours.

NOT) T/u fi/i /ling step (A vrem' critical to ensur-ing tv/np/etc esteri/icotion. >1 I'l
Moisture remaIin/ilig ini the ether wihl resilIi i loli, herbicide recoveries. The
('lfllolI/J ol Aod/ill/m sill/Cte is cadeq1 ucte 1,fso0/iec I/ folvin lg crlstals rilxt v isible
iwhen sivirinhg tile flask. I/ti/I o/ tle sod, zum siuifiae solid/icis in ci Cake, add'
cl/euir adc/itiotiad graoins of/acidifiedsAodhon/f sitll/Cl/ ondc cagaini test hl' swil'/i'ig.
The 2 htoir dup-ing time is Cl //inl/ini//in, howiev'er. thle extvetrls ma/1 he lie/ld II co/fittct wiithi the sodjioji Au/fIaC
Ol'eriligIh1.

7. Quantitatively tr ansfer the dr ied exitract through a funnel with a Whatman 4 1 fillte paper and collect the
nitrogen-concentrating flask.
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Esterification Diazomethane derivatization - The bubbler method

CAUTION: Diazomethane is a carcinogen and can explode under certain conditions.

The bubbler method is suggested when small batches of samples (1 0 - 15) require esterification. The bubbler method

works well with samples that have low concentrations of herbicides (e.g., aqueous samples) and is safer to use than the

Diazald kit procedure. Extracts following hydrolysis may be difficult to handle by the bubbler method).

The following precautions should be taken:

- Use a safety screen.
- Use mechanical pipetting aides.
- Do not heat above 90E C - EXPLOSION may result.
- Avoid grinding surfaces, ground-glass joints, sleeve bearings, and glass stirrers - EXPLOSION may result.

I. Add 5 mL of diethyl ether to the first test tube. Add I mL of diethyl ether, I mL of carbitol, 1.5 mL- of 37%

KOH-, and 0.1 - 0.2 g of Diazald to the second test tube.

2. Immediately place the exit tube into the concentrator tube containing the sample extract. Apply nitrogen flow

(10 ml/miun) to bubble diazormethane through the extract for 10 minutes or until the yellow color of

diazomethane persists.

3. The amount of Diazald used is sufficient for ester ification of approximately three sample extracts. An

additional 0 I -0.2 g ot Diazald may be added (after the initial Diazald is consumed) to extend the generation
of the diazomethane.

4. There is sufficient KOI- present in the original Solution to per form a maximum of approximately 20 minutes of

total esterification.

5. Remove the concentrator tube and seal it with a Neoprene or PTFE stopper. Store at room temperature in a

hood for 20 minutes.

6. Destroy any unreacted diazomethane by adding 0.1I - 0.2 g of silicic acid to the concentrator tube. Allow to

stand until the evolution of nitrogen gas has stopped.

7. Adjust the sample volume to 10.0 ml- with hexane Stopper the concentrator tube or transfer I mL- of sample to

a GC vial, and store refrigerated if further processing will not be performed immediately.

8. Extracts should be stored at 4oC away from light. Preservation study results indicate that most analytes are

stable for 28 days;
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1.0 Scope and Application
1.1 This method is used to determine the concentration of polyclilorinated biphenyls. This SOP addresses the

requirements of SW-846 methods 8000B (Revision 2 December 1996) and 8082 (Revision 0 December

1996). This method is applicable to the analysis of water, soil, liquid and solid samples.

1.2 Instrumentation: Dual capillary GC equipped with dual electron capture detectors (ECD) and autoisampler

1.3 The method quantitation limit (MQL) is based on the lowest point in the initial calibration curve for a

particular analyte. Detection limits (MDL, MQL, RL..) are detailed in Determination of MDL/MOL/RL.
SOP.

1.4 Refer to LMP's Analytical Summary Table for applicable detection limits.

2.0 Summary of Method
2.1 Method 8082 is based on the solvent extraction of a sample (e.g. liquid/liquid or sonication) and subsequent

concentration and clean up of the extract. The extract is thenr analyzed by capillary gas chromatography.

2.2 One thousand (1000) milliliters of water or 30 grams of soil is spiked with surrogate compounds and solvent

extracted using Methylene Chloride for waters and 1: I Methylene Chloride-Acetone for soils and the
appropriate preparation method (see section 7). The extract is then concentrated and exchanged to hexane

using a Nitrogen blow-down technique, cleaned up as necessary with sulfuric acid and/or potassium

permanganate and analyzed by capillary GC.
2.3 LMP, Inc. utilizes simultaneous injection of the extract. The analytical systems available have dual

autosamplers, dual injection ports, dual columns and dual detectors. This allows the acquisition of data

from both the primary (A) and confirmation columns (B). Compound identification is based on qualitative

and quantitative information from both columns.
2 4 This analytical method is based in part on Methods 8000B and 8082 Solid Waste Manual SW-846, "Test

Methods/for Evaluating Solid Waste". '3rd Edition and the She/llfor Analy'tical Chemnistrt' Requirements

USA CE version EM200-1 -3, I Feb 01. Extraction and clean-up methods are referred to in this SOP.

3.0 Interferences and Potential Problems
3.1 Solvents, reagents, glassware and other sample piocessing hardwvare may yield artifacts or interferences to

sample analysis. All these materials must be demonstrated to be free from interferences under the

conditions of the analysis by the extraction and analysis of method blanks. Specific selection of reagents
and solvents may be necessary.

3.2 Interferences by phthalate esters introduced during sample preparation can pose a major problem in PCB
determinations.

3.2.1 Common flexible plastics contain varying amounts of phithalate esters, which are easily extracted or

leached from such materials during laboratory operations
3.2.2 Cross-contamination of clean glassware routinely occurs when plastics are handled during extraction

steps, especially when solvent-wetted surfaces are handled.
3.2.3 Avoiding contact with any plastic materials can best minimize interferences from phthalate esters.

3.3 Method interferences are reduced by proper glassware cleaning procedures. Cleaning procedures are

detailed in Organic Laboratory Glassware Cleaning Procedures SOP.
3.4 Method blanks must be extracted with each preparation batch to demonstrate that the system is free from

method interferences.
3 5 1-ligh purity reagents must be used to minimize interference problems.

3.6 Contamination by carryover can occur xvenever high-level and low-level samples are sequentially
extracted. Extreme caution must be exercised whenever handling concentrated waste samples (e.g.

product, solvent, and transfortmer oil).

4.0 Equipment and Apparatus
4.1 Gas chromatograph - Configuration I (This system is generally dedicated to the analysis of PCBs.)

4 1.1 Gas Chromatograph - Hewlett Packard 5890 Series 11 GC equipped with dual capillary column
injection podts and dual electron capture detectors (ECD). The GC is equipped with a IOU place lIP 7673
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autosampler. Justice Innovations ChromPerfect software is utilized to acquire data where it is transferred
to a central ChemlServer and processed using Target analytical software.

4.1.2 Column I - 15 meter x 0.25-mm ID Phenomenex ZR-S 0.25 micron film thickness, catalog # FTG
6002-Il

4.1.3 Column 2 IS1 meter x 0.25-mmi ID Phenomenex ZB-35, 0.25 micron film thickness, catalog # FEG
6003-1I

4.2 Gas chrornatograph - Configuration 2 (This system is generally dedicated to the analysis of chlorinated
pesticides but is applicable to PCB analysis.)

4.2.1 Gas Chromnatograph - I ewlett Packard 6890 GC equipped with dual capillary column injection ports
and dual electron capture detectors (micro EGO). The GC is equipped with a 1 00 place I IP 7683
autosamrpler. itistice Innovations ChronaPerfiect software is utilized to acquire data where it is transferred
wo a central ChemrServer and processed using Target analytical softwaie.

4.2.2 Column I - 30 meter x 0.32-mmu ID Restek Rl'x-CLPesticides 0.5 micron film thickness. Restek
#1 1139

4.2.3 Column 2 -30 meter x 0.32-mmi ID Restek RTx- CLPesticidesll 0.25 micron film thickness. Restek
#1 1324

5.0 Reagents and Standards
5. I Reagent grade chemnicals shiall be used in all tests. Unless othenvise indicated, it is intended that all reagents

shall conform to the specitications of the Committee on Analytical Reagents of thle American Chemical
Society, where such specifications are available. Other grades may be used, provided it is first ascertained
that thie reagent is of'sufficiently high purity to permit its use without lessening the accuracy of thle
d eteiminnatioIL

5.2 All reaigenits/sol vcnts/standi ~tds must be traceable us ing the Solution Vai dat ion Qua lily Assurance
Procedtire (SVQA P).

5.3 Organic- free reagent water - All references to water in this method refer to organic-free reagent water, as
defined in C/wPter Onie ol'SI-846.

5.4 Methylenec Chloride - Fisher Scientific D)15 1-4
5.5 I lexane - Fisher Scientific 11303-4
5.6 Methanol - Fisher Scientiftic A454-4
5.7 Acetone - Fisher Scientific, CC Resolv
5.8 Stock calibration standards

5.8. I Standards ( tai gets and sun ogates) are purchased as certiftied solutions fromt various vendors. The list
Ot solutionIs, catalogue numbers and concentrations are listed in Table 2.

5.9 I ntermediate Standards. Prepare the following standards in hexanle:
5.9.1 Intermnediate standards (targets and surrogates) are prepared fromt stock standards. Refer to Table 2 -

lIntermnedi ate Stan doids
5. 10 Working Standards. These standlards are prepared from the intermediates listed in section 5.8 and aic used

to perform initial calibrations. Refer to Table 3 for the initial calibration diurtion schedule.
S I I Matrix spike and surro0gate soIlutions are prepared from thie same standards used to prepare thre initial

calibration. R~efer to Table 2 for spike amounts and concentrations. QC limits are provided in Table 4.
5. I 2 The fol lovi ng considerations should always be followed in preparing all of the above standard solutions:

5. 12.1I All reagents/solvents/standards must be traceable using the So lut ion Volidat ion Quality Assurance
program (SVQAP).

5. 12.2 Secondary dilution standards should be checked frequently for signs of degraldation or evaporation,
especially .1 tst prior to prepa ring calibration standaids from them.

5.1 2.3 Standards must be replaced after 6 months or sooner if comparison with the ICy standai d indicates a
problem.

5.1 2.4 Stock or neat solutions and standards must be stored in proper containers, away from light anid
should not be tronsferi ed from the original container-. The date recei ved, expiration daite and any other
pertinent information should be recorded in thle Reagent Reference Log. Thle date received must also be
recorded onl the standard container, clearly visible to all analysts using it.

5. 12.5 All intermuediate and working Solutions Miiust be stored in light( piotected containers with Te flon lined
caps at a temperature of4 ̀ C or less.
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6.0 Sample Preservation and Containers
6.1 As a rule, LMP, Inc. does not engage in sampling activities. However, each analytical method has specific

container and preservation (chemical and/or temperature) requirements.

6.1.1 Refer to Sample Login Procedures SOP for guidance concerning containers, preservation and

holding times.
6.2 Il~olding Times

6.2.1 Holding time for extraction is defined as the number of days from sample collection (e.g. sample

date) to extraction.
6.2.2 FHolding time for analysis is defined as the number of days from sample extraction in the laboratory

to date injected/analyzed by the instrument

6.3 Aqueous samples are collected in one (1) liter amber bottles with Teflon lined caps No chemical

preservation required. Soil samples are collected in 4 oz. or 8 oz. Teflon lined jars. Samples are stored at

40C ± 2 from the time of collection. All water samples must be extracted within seven (7) days of

collection. Soil samples must be extracted within fourteen (14) days of collection. All extracts, soil or

water must be analyzed within 40 days of extraction.

7.0 Procedure
7.1 Samples are extracted based on matrix using one of the following sample extraction methods:

Method Mtix Inrduction
3510 Water SeaaoyFne iquid-Liquid Extraction

3540 Soil / Solid Soxhlet Extraction
3550 -Soil / -Solid Ultrasonic Extraction

3580 Liud/Sld Waste Dilution
3665A Extracts Sulfuric Acid/PerrangnteCeanup

Sample preparation procedures are detailed within the above SOI's

In general, the following batch QC samples are required for each extinction hatch (Table 6)

Method Blank (MB)

Laboratorv Conitrol Sanipile/Lcaboa-tor Control Sample Duplicate (LCS/LCSD). See section 5.10 for

spiking solution infornuation.

Matrix Spike/Matrix Spike Duplicate (MS/MSD) - If enough sample is available.

7.2 Chromatographic conditions
7.2.1 System I carrier gas (1-elium) flow rate 1-3 mL/min (1 0 psi)

Temperature programi
Initial temperature: I 20 0C, hold for I minute

Progr am. 120 0C to 3000 C at I 100C/min

Final temperature 3000 C hold for 2.64 minutes.

7 2 2 System 3 carrier gas (1-elium) flow rate: I .3mL/rmi
Temperature program

Initial temperature: 120 0C, hold for I minute

Prograv I120 0C to 3000C at 90 0C/min
Final temperature 3000C hold for- 4 minutes.

7.3 Data Processing - All data for organic instruments is acquired by the networked PC/Client acquisition

software (ChromPerfect, Enviroquant.. ). Data files arc then uploaded to the NT ChemServer for

processing and evaluation utilizing a networked version of the Target environmental data processing

program. All processing methods/initial calibration are performed and maintained by the Target system.

7.4 Documentation
7.4.1 Daily Run Log. The samples analyzed for each analytical sequence are recorded on the daily run log

This log is identified by the analytical system and date analyzed and is used to record the analytical
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sequence prior to entry in the data acquisition system. A copy of the log(s) is included in the sequence
package.

7.4.2 Sequence CheckList. This list is specific for this analytical method and is designed to ensure that all
major QC elements of an analytical sequence are accounted for and evaluated. In addition, QC
requirements for the preparation batch are also addressed. Refer to Table 7.

7.5 Daily Instrument Maintenance. Due to the sensitivity of electron capture detectors (ECD), regularly
scheduled maintenance is required to enable the analyst to obtain usable data as needed from the system.
Maintenance should be performed daily, prior to the analysis of standards and samples.

7.5.1 Daily maintenance consists of'
o Replace septa. Allow a maximum of 50 injections.
O Replace injection port seal and liner.
o Cut approximate I to 2 inches fromt the head of the capillary column.
Oi Rinse thle lumren of the inlet nut with hexane and blown dry with a mnicro-dluster to remove any

septum particles.
o BTake-oit the GC at 3250C between sequences.

7.6 Retention Time Windows (RTW). By definition, this SOP requires that the default standard deviation of
0.01I minutes (window = 0.03 minutes) be used. RTW reports are generated periodically to monitor the
analytical systemns and ensure that the default value remains appropriate. RTWs are monitored for the same
3 to 5 major peaks used for initial calibration.
Note: The center of the absolute retention time window for each analyte is its retention time in the
mid-conecrntration standard -analyzed during the initial calibration.

7.7 Initial Calibration - The external standard procedure is used to calibrate thie churomaographic systemn.
Prepare thie calibration standards using the procedures otl i ned in sect ion 5..

7.7.1I Calibrate thie GC with anl initial six- (6) point calibrat ion using wvorki ng standards as in Sect ion 5.9.
The lowest calibrat ion standard (WS-]I ) is below the method quaniti tation Ii itte (M QL) of'0.5 Itg/L for
water aMill 35.t) Iig/Kg For soil. The hiighest calibration standard (WS-6) defines the tipper linear range of
the chuionuitogralphic system.

7.7.2 Thie initial calibration is performed using a mini mum of five (5) major peaks from A roc loi 1242 and
a ininni mui of livxe (5) maj or peaks from Aroc or 1260.

7.7.3 A ddliti on al Mu ti-Component PC Bs. A single mid-range standard is ana lyzed for each of the other
Aroc lois to aid in pattern recognition. If one of these PC ls is iden ti tied in a sample, thie system is re-
calibrated lor that PC I with a min inmum offthree (3) stanldards. The extract is re-analyzed wvith the new
cali brat ion land quant itated. Calibrations for the mlu Iti-component PC Bs are based onl three (3) to five (5)
miajor characteristic peaks.

7.7.4 Note: When evaltiat ing the initial cal ibrat ion using Target software, a m inimu i of five calibration
levels Must be used]. Standard WS-1I is required for this method and must not be disabled. If the use of
WS- I does not meet initial calibration cr iteria, corrective action must be taken to allow thle system to be
calibrated with WS-1I.

7.7.5 Fach calibration standard is directly injected via autosamupler. This technique will be used for all
subseqtient injections made onl the chromatographic system. The calibration factor (CF) is automatically
cal ciilated by the Target system.

CF Peak Atoa (or Height) of :he Comnpound in the standard
M~ass of ihe Compound Injected fin nanograms)

7.7.5.1 Average CF Calibration. This is the lirst and best option that the analyst Should consider and use
whecnever possible. To vallidate the initial calibration for this option, the percent relative standard
dcvi ation (1R SD) of the CF's must be less than or equal to 20%Y,.
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rrtw, CP (2 A

7.7.5.2 Linear Regression. If the %RSD of the average CF option is greater than 20% or at the discretion

of the analyst, a linear regression calibration may be used. The y-intercept must not be above the

lowest calibration point in order to use this option.
7.7.5.3 Quadratic. Due to the nature and sensitivity of the ECD, this option is allowed specifically for the

analysis of PCBs. This option may be used at the discretion of the analyst. The y-intercept must not

be above the lowest calibration point in order to use this option.

7.7.5.4 The analyst should not force the line through the origin, but have the intercept calculated from

the data points. In addition, do not include the origin (0, 0) as a calibration point. In order to be used

for quantitative purposes, R 2must be greater than or equal to 0.995 for quadratic and 0.990 for

linear.
7.7 6 If the initial calibration curve does not meet the above criteria, a problem exists, Identify and correct

the problem. Perform the initial calibration again. Sample analysis may not begin until the initial

calibration has been validated.

7.8 Continuing Calibration Verification (CCV) The current initial calibration (CF and retention time) must be

verified within each analytical sequence every 20 samples and at the end of the sequence. Verification is

accomplished by the analysis of the mid-range standard WS-4. When regression analysis is performed, %

Drift is calculated. Likewise, the use of % Difference will be used when the initial calibration is based on

% RSD values.
7.8.1 To calculate the % Difference

DffDarer~en

where CFv is the calibration factor from the analysis of the verification standard, and CF is the mean

calibration factor from the initial calibration.
7.8. 1.1 The % difference for the calibration verification standard should not exceed +1l5% for each

analyte.
7.8.1.2 Section SW-846 also allows for the use of the averaged %difference of all calibrated analytes.

The average must include all analytes in the calibration, regardless of whether they are target

analytes for a specific project. For Level IlI and IV data packages, CCV reports are provided along

with a case narrative.
7 8.1.3 SW-846 specifies that samples analyzed using external standards must be bracketed by periodic

analyses of standards that meet the QC acceptance criteria le g., calibration and retention time). The

results from these bracketing standards must meet the calibration verification criteria and the

retention time criteria as listed above. I lowever, if the standard analyzed after a group of samples

exhibits a response for an analyte that is above the acceptance limit, i.e., > 15%, and the analyte was

not detected in, any of the previous samples during the analytical shift, then the sample extracts do

not need to be reanalyzed. The verification standard has demonstrated that the analyte would have

been detected were it present

The Standard Operating Procedure has been prepared for the sole lise of Laboratory Management Partners, Inc.
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7.8.2 All target analytes and surrogates should fall within previously established retention time windows.

7.8.3 If the CV does not meet the above criteria:
7.8.3.1 Evaluate the second CV for the failing analytes. If the second CV passes for those analytes, the

sequence is valid.
7.8,3.2 If the second CV fails for the analytes, thenr samples analyzed before and after the failing CV

may need re-analysis.
7,9 Gas chromatographic analysis

7.9.1 All extracts (standards and samples) are introduced into the gas chromatograph using automated
direct injection. Samples are analyzed in a set referred to as anr analytical sequence.

7.9.1.1 Sequences are initiated on the ChronmPerfect data system. The inforiiation entered into the
sequence file will be uploaded with the data file to the Target server.

7.9.1.2 Thle sequence is identified by the system identifier and thle date of thle analyses:

P3030901
P3 = PCB System I
0309 = Date of Analysis (03/09)
01 = First sequence of thle day

7.9.1.3 Data files are defined by the sequence id plus the data file number:

P3030901.01IR - I" data file for this sequence.
1P3030901 .02R - 2cflt data tile for this sequence.

7.9.1I.4 ITypicalIly anl initial cal ibrat ion followed by samples interspersed with miclrange calitbrat ion
verification (CV) standards are analyzed. The sequence ends when the set of samples has been
injected or when QC cr iteria has been exceeded (% D >15). Thie analytical sequence may begin with
initial calibrat ion verification followed by samples if the 15%A criteria is met A calibration
verification standard inust be analyzed after each group of 20 samples and at the end of the analytical
seq tiC ce.

7.9.2 A Sequence Checklist (Table 7) must be completed for each analytical sequence This checklist
summariizes thle method requirements and allows thle analyst to record information specific to the
analytical sequence.

7.9 3 lExti acts (sample and lab QC) are prepared in duplicate to allow the dual inject on onl both thie
primary and conrifirmation Column.

7.9.3.1 200uL glass inserts are inserted in the autosarnpler vials. If dilutions are to be performed, no
insert is used.

7.9.3.2 A portion of the sample extract is transferred to two (2) vialIs that arc identically labe led. Onte will
be placed iii(the atitosarmpler for injection on thie front columin, while thie second will be placed for
iuject ion onl the back columin,

7.9.4 Identification ofnmulti-component ana lytes is based onl the characteristic fingerprint retention time
land shape of thie indicator peaks. Three (3) to five (5) major peaks are selected for use in qualitative and
qUantitative identification.

7.9.4.1 D~ata for the primary analysis is reviewed initially for the tentative iderntification of the analyte.
7.9.4.2 lIfan analyte is iclentiftied in the primary, the con firmat ion analysis is reviewved for that ana lyte.
7.9.4.3 Use thre Target Form If) to perform anl evaluation as to whether anl analyte is confirmned.
7.9.4.4 CC/MS confirmation may be used in circumstances where thle concentration is high enough.

7. 10 CalIcul at ions. All cal cul at ions are hand led by the Target environ mental sample processing so ftvare.
Q Uantftat ion reports arle generated for all samples (e.g. sample, blanks, controls). These reports surmlalizwe
(lie ana lytes identified, retention, area/licight, on1-COluniii amount and final concentration adjusted for
(I I t ion a nd/or sample size.

7. 10.1I Quanti tation of analytes are determi ned by conmpariiig the response in the sample to thle C F froml the
initial calibration. Based onl review of the initial cal ibrat ion and cal ibrati on verifications, one columin is
assigned as pritnary aiid one is assigned as con fi rmat ion for thle analytical sequence.

'fle Standard Operating Procedure has been prepared for the sole use of Laboratory Management partners, lIic
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7.10.2 Quantitation of Aroclors other than 1242 and 1260 is accomplished according to the following.

7.10.2.1 Upon identification of a multi-component analyte, the sample must be re-analyzed after a

minimum three (3)-point initial calibration.
7.10.2.2 Quanititation is performed by companing the response in the sample of the 3 to 5 characteristic

peaks to the CF from the initial calibration of the same characteristic peaks.
7.10.2.3 Based on review of the initial calibration and calibration verifications, one column is assigned as

primary and one is assigned as confinnation for the analytical sequence.
7.10.3 If the response of any confirmed analyte exceeds the upper calibration standard, the sample must be

diluted and reanalyzed. It is recommended that samples be diluted so that all peaks are on scale and have
not exceeded the linear range of the detector If peaks are off scale, thejudgment of the analyst is critical
in determining if further dilutions are needed.

7 10.4 Water Samples

Concentratinn JpgTA A4'4D
(77)(v)(v,)

where:
A = Area (or height) of the peak for the analyte in the sample.
Vt = Total volume of the concentrated extract (mL) - default 10.
D - Dilution factor, if the sample or extr act was diluted prior to analysis. If no dilution was

made, 0 - 1. The dilution factor is always dimensionless.

CIF Mean calibration factor from the initial calibration
Vi =Volume of the extract injected (gL) - default I .
Vs - Volume of the aqueous sample extracted (imL) - default 1000.

Using the units specified here for these terms will result in a concentration in units of ng/mL,

which is equivalent to lig/L.
7 10 5 Solid Samples

Concentration Pgkg-_______

All values same as for water except.
Ws - Weight of sample extracted or purged (g) Either the wet weight or dry weight. Unless

otherwise specified. all soil results are repoiled on a dry weight basis Using the units
specified here for these terms will result in a concentration in units of ng/g, which is

equivalent to pg/kg.
7 10.6 When sample results are confirmed (single or multi-componient) the agreement between the

quantitative results should be evaluated after the identification has been confirmed (e.g. Form 10). The

relative percent difference (RPD) defines the difference between the two (2) results. The RPD must be

less than 40% when at least one result is greater than the quantitation limit.
7.10 6.1 Results are reported, when possible, from the column assigned as primary.

7.10 6.2 If one result is significantly higher (e~g. >40%), check the chromatogram for any obvious signs of

matrix interference such as overlapping peaks If interference is obvious, the result should be

reported from the second column.
7 10.6.3 If no anomalies are noted, then whenever possible, the high result should be reported. I lowever,

this may be precluded by the assignment of the column as confirmation.

7.11 Instrument Mainteniance.
7.1 1.1I Routine maintenance is an) integral padt of maintaining a productive quality analytical system

throughout the laboratory. Instruments must be maintained at optimum performance to ensure the highest

level of quality and sample throughput.

The Standard Operating Procedure has been prepared f-or the sole use of Laboratory Management Partners, Inc.
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7.11.2 In addition, documentation of the maintenance in the instrument maintenance logbook will allow the
analyst and supervisor to track the performance of the instrument, identify trends and minimize overall
downtime.

7.1 1.2.1 Daily maintenance is described in Section 7.5.

8.0 Quality Control/Quality Assurance/Corrective Action
8.1I A Summary of control limits and spike concentrations are provided in Table 4.
8,2 Corrective Actions are those actions performed to correct situations that are deemed adverse to data quality.

Corrective actions are addressed in section 10 of the LQMP and in the Non-Conformnance and Corrective
Action SOP. Corrective actions are usually addressed within the procedure section of the analytical SOP.
[Examples of situations requiring corrective action:

8.2. I Initial calibration (foes not meet criteria.
8.2.1.1 Review the initial calibration to see if aniyone (I) poinitappears as asignificant outlier. This

standai d(s) may be re-analyzed and replaced in the initial calibration.
8.2.1.2 Compare calibiation responses to previous calibrations to identify significant differences.
8.2.1.3 Review thie calibration procedure and standards to ensure that they were prepared properly.
8.2.1.4 Evaluate the system and perform maintenance as necessary.
8.2.1 .5 Perform the initial calibration again.

8.2,2 Calibration verification does not meet criteria.
8.2.2.1 Re-analyze thie verification for the failing analytes. If these pass, the analytical sequence may

continue. If the re-analysis fails for those analytes, the analytical sequence must be stopped and the
system evaluated.

8.2.2.2 Th'letuse of the average percent differenice for all calibrated analytes miay be employed bythie
analyst based onl discussion with the section supervisor and project manager.

8.2,3 Sample result above the high point in the initial calibration.
8,2,3.1 I fthe result is within I10% of the high point, the result is considered valid, flagged as 1'3 -

Exceeds cali brat ion range'' and reported. This result should be discussed in a Case Narrative.
8.2 3.2 Re-analyze thie sample at an appropriate diurtion

9.0 Training and Training Validation
Employee traiiing on documen ted procedures may be found in the Employee Train ine SOP.
Demlonstration of the emuployee's training in thie speciftic procedures involved in this method may be found in the
Training Do cumnents Log This documentation includes all in-house and outside training received and include items
such as pro tiicency testi ng and in formation onl performance testing results. A Demonstration of Capability is onl file
to r each analyst Per tbiiilin g the test.

10.0 Data Validation
Refer to the Data Reduction aind Review SOP.

I11.0 I ealth and Safety
Refer to thie Chemical I lygiene Plaon and Laboratoiv Safiety Plan SOPs.

12.0 Waste Disposal and Pollution Management
Refer to the Waste Management Plan SOP for waste disposal procedures.

The Standard Operating Procedure has been piepaied for the sole use of Laboratory Management Partners, Inc.
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Table 1

Method Quantitation Limits

Water Soil
ANALYTE CAS~ # g/L pag/Kg
AToclor 1016 12674-11-2 0.50 35.0
Aroclor 1221 11104-28-2 0.50 35.0
Aroclor 1232 11141-16-5 0.50 35.0
Aroclor 1242 53469-21-9 0.50 35.0
Aroclor 1248 12672-29-6 0.50 35.0
Aroclor 1254 11097-69-1 0.50 35.0
Aroclor 1260 1 1096-82-5 0.50 35 0

Surrogates
Tetrachloro-m-xylene (TMX) 877-09-8 31- 96 39-130
Decachiorobiphenyl (OCB) 2051-24-3 34-115 64-154

Nominal Sample Size for Water lOO0ml-
Nominal Sample Size for Soil: 30g
Nominal Final Volume I OmL

The Standard Operating Procedure has been prepared for the sole use of Laboratoiy Management Partners, Inc.
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Table 2

Standard Solutions

Conic
Solution Description Use ug/mi Solvent Vendor
C-216S-H-10X Aroclor 1016 ICAL 1,000 Isooctane Accustandard
C-221S-H-10X Aroclor 1221 GCAL 1,000 lsooictane Accustandlard
C-232S-H-lOX Aroclor 1232 ICAL 1,000 Isoloctane Accustandlard
C-242S-H-10X Aroclor 1242 ICAL/LCS/MS 1,000 Isoloctane Accustandlard
0-248S-H-lOX Aroclor 1248 ICAL 1,000 Isoloctane Accustandlard
C-254S-H-IOX Aroclor 1254 ICAL 1,000 Isooctane Accustandlard
C-260S-H-10X Aroclor 1260 ICAL/LCS/MS 1,000 Isoloctane Accustandard
C-262S-H-10X Aroclor 1262 ICAL 1,000 Isooctane Accustandard
C-268S-H-1OX Aroclor 1268 ICAL 1,000 Isoloctane Accustandlard

Z-008S-M Pack of all of the above 1,000 Isoloctane Accustandard

PCB-1242H- Aroclor 1242 ICV 1,000 Hexane Protocol
PCB-1260H- Aroclor 1260 ICV 1,000 Hexane Protocol

4-4806 Aroclor 1242 (LCS/MS) 1,000 Isooctane Supelco
4-4809 Aroclor 1260 (LCS/MS) 1,000 Isooctane Supelco
C-242S-H-lOX-PAK Pack of 5 of 1242 (LCS/MS) 1,000 Isoloctane Accustandard
C-260S-H-lOX-PAK Pack of 5 of 1260 (LCS/MS) 1,000 Isooctane Accustandard

ISM-320 Surrogate DCB/TMX 200 Acetone Ultra
CLP-032R Surrogate DCB/TMX 200 Acetone Accustandard

Intermediates

POBICA~l- CAL POD ROB Intermediate - Hexane liml of stock solution to l0mls of hexane =100 ug
PCIBSURICALl ICAL Surrogate Surrogate Intermediate - Hexane 05m I of stock solution to l Om Is of hex an e = l0 u,

POBSPK1 LCSIMS Solution 124211260 Intermediate - Hexane frmi of 4-4806 pius im I of 4-4809 to l Om Is of hexm
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Table 3

Initial Calibration Dilution Schedules

Analyte lnterrnedial WS-1 WS-2 WS-3 WS-4 WS-5 WS-6
Nominal I pL 5 pL 12.5 pl- 25 pL 3 7.5 p1L 50 ltt-
pg/mL

1242/1260 1000 0.020 0.100 0.250 0.500 0.750 1.000

1016 1000 0.020 0.100 0.250 0.500 0.750 1 000

1221 1000 0 020 0.100 0.250 0.500 0,750 1.000

1323 1000 0.020 0.100 0.250 0.500 0.750 1.000

1248 1000 0.020 0.100 0.250 0.500 0.750 1 000

1254 1000 0.020 0.100 0.250 0.500 0 750 1.000

1262 1000 0 500

1268 1000 0.500

Analyte Intermedial WS-I WS-2 WS-3 WS-4 WS-5 WS-6
Nominal 5 pl- 25 pL 62.5 pL 125 pl- 187 5 pl 250 pl-
lpg/nl-

TMX/DCB 20 0.002 0.010 0 025 0.050 0.075 0.100

Working standards are prepared by adding the specified pal of PCBlSurrogate to 50 m1L of Ilexane.

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management Partners, Inc.
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Table 4

Control Limits

Recovery Limits

ANALYTE Water Soil
Aroclor 1016 25-125 25-125
Aroclor 1221 25-125 25-125
Arocor 1 232 25-125 25-125
Aroclor 1 242 25-125 25-125
Aroclor [248 25-125 25-125
Aroclor 1254 25-125 25-125
Aroclor [260 25-125 25-125

S~n ogat es
Tetrachloro-nm-xylene (T]MX) 31- 96 20-1 22
Decachlorobiplienyl (DCI3) 34-115 17-141I

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management Partners,
Inc,
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Table 5

Spiking Solutions

WNater/Soil PCB 200pl- of ISM/320 or CLP-032R into O0ml- of MeOH OAO.40gg/mL
Surrogate Surrogate FC = 0.4pig/mL.

Solution Spike I mL per lOO0rimL or 3Og (FV-lOmnL)
FV FC

Water 0.04igg/mL O.4gig/L

Soil 0.04pig/miL 13.3gg/Kg

Spike Solution PCB Spike 5mL of PCBSPKI into lOrniL of Acetone - 5gg/mL

FC = 5. Opig/mL.
Spike lmL per I OOOmL or 30g (FVI1rnL-)

FV FC

Water 0 04pg/n-L 0.4lig/L

Soil 0.O4lag/rat 13.3pjg/Kg

Oil Surrogate PCB 200 il- of ISM/320 or CLP-032R into lO0tmL of FexaneO= .40pig/mL

Solution Surrogate FC = 0.4[tg/mL
Spike Iil-L per 0 5g (EVI1Ool-)

FM FC
Oil 0.04ifg/mnL 800gg/Kg

TV = Final volume
FC = Final concentration

The Standard Operating Procedure has been prepared for the solo use of Laboratory Management Partners, Inc.
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Table 6

Summary of Measurement quality objectives for Method 8082

Quality Control Target Analyte / Surrogate
clement
Initial Calibration R2 0.995, % RSD 20%, R2 0.990

lCV % RecS= 5% - 115%

CCV %XD 15 %

M1B Analytes < one-half MRL

LCS Water & Soil : % Ree = See Analytical Summary
'lable

Ms Water & Soil :% Rec = See Analytical Summary
Table

M SD/MI1) IRPD 20%

Stii Iogaics %, Interference-Free Matrix:
Water & Soil : %X Rec = See Analytical Summnary
Table

Target A nalyic R Pt 40%
ConIi in aIi on

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management Partners, Inc.
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Tahle 7

GC PCB Method 8082 Sequence Check List
H-BN:____
Sequence ID: ________System ID:________Date:_______Analyst:
Column ID: Primary /Confirmation Columnu Description: ______Supervisor:

Applicable LMP Order Nos. for this sequence:

I . initial Calibration _________

RSD of analytes <=20% may use average RF.

RSD of analytes >=20% or analyst discretion, use linear regression (r2>=0.99)

Calibration Verification - Beginning/Every 20th Sample / Ending. Note only that %D that affects

data.
%Difference <1 5% or Average %iffierence of All Anal tes < 15%.

> C 0 D 7

IA

3B

Method Blanks - Note results for positive results. Flag final results as B - Detected in Blank.

I per 20 samples per matrix. _________

M ethod Blank I I__ _ _ __ _ _ I__ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _

Laboratory Control Samples - Note failures only. I per 20 samples per matrix. Dutplicate LCS when

no MS/MSD available. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

LC S/LC SD _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Matrix Spike/Miatrix Spike Duplicate - 1 per 20 samples per matnix.

Notes:
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Standard Operating Procedure For
Separatory Funnel Liquid-Liquid Extraction

SW-846 Method 35 10C

Prepared by: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Michael Kauffman, Technical Direcior

A pproval: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Scott McKee, President
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1.0 Scope and Application
1.1 This method describes a procedure for isolating organic compounds from aqueous samples. The method

also describes concentration techniques suitable for preparing the extract for the appropriate determinative
methods.

1.2 This method is applicable to the isolation and concentration of water-insoluble and slightly water-soluble

organics in preparation for a variety of chromatographic procedures.

2.0 Summary of Method
2.1 A measured volume of sample, usually I liter, at a specified pl- (refer to Table 3), is serially extracted with

methylene chloride using a separatory funnel This method is applied to all liquid/liquid aytractions

regardless of the analytical method except Method 815 1 (Ilerbicides) The difference will be in the pH of

the extraction (Table 3), the QC solutions to be added to each sample and the exchange solvent if required.

2.2 The extract is dried, concentrated, and, as necessary, exchanged into a solvent compatible with the cleanup

or determinative method to be used (refer to Table 3 for appropriate exchange solvents).

3.0 Interferences and Potential Problems
3.1 Solvents, reagents, glassware and other sample processing equipment may yield artifacts of interferences to

sample analysis. All these materials must be demonstrated to be free from interferences under the

conditions of the analysis by analyzing method blanks. Specific selection of reagents and solvents may be
necessary.

3.1.1 Phithalate esters contaminate many types of products commonly found in the laboratory. Plastics, in

particular, must be avoided because phithalates are commonly used as plasticizers and are easily
extracted from plastic materials. Serious phithalate contamination may result at any time if consistent

quality control is not practiced.
3.1.2 Glassware contamination can result in analyte degradation. Detergent residue on glassware may

Cause degradation of certain analytes. Specdfically, aldrin, heptachior, and most organophosphorus
pesticides will degrade in this situation. This problem is especially pronounced with glassware that may

be difficult to rinse. These items Should be hand-rinsed very carefully to avoid this problem. Chromic
acid that is not completely rinsed wvill cause similar problems wvith analyte degradation and should be

carefully rinsed to avoid this problem.
3.1.3 Refer to Or anic Laboratory Glasswvaie Cleatnina Procedure SOP

4.0 Equipment and Apparatus
4.1 Logbooks

Maintenance logbooks will contain, as applicable, instrument Maintenance Schedule and Requirements,

Daily Maintenance, Weekly Maintenance, Monthly Maintenance, and Typical Problemns/Solutions.

4.2 Refer to Table I for a listing of Equipment and supplies.

5.0 Reagents and Standards
5.1 Policy

5.1 1 ACS reagent grade chemicals shall be used in all tests. Reagents should be stored in glass to prevent

the leaching of contaminants from plastic containers.
5 1 2 Organic-free reagent water - Refer to Reagent and.Standard Solutions Validation SOP.

5 1.3 Refer to Table 2 for a listing of reagents and standards.
5.1.4 Sodium sulfate (granular, anhydrous) is used with filter paper to help prevent water from getting

through the filter and to assist in breaking up emulsions It is placed in the oven at I 700C in its
original container and left overnight to dry. It is then moved to a dessicator until needed. The sodium

sulfate is pre-rinsed with Methylene chloride pr ior to use.

The Standard Operating Procedure has been prepared for the sole use of Lab Management partners, Inc.
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5.2 Solutions
5.2.1 Sodium hydroxide solution (5N), NaOll: Weigh 400 g of sodium hydroxide and transfer to a

2000mnL volumnetric flask (glass) with a Teflon-coated stir bar. Next, add lOO0mL of deionized water
using a lOO0nmL graduated cylinder. Using a glove, mix the sodium hydroxide pellets because the
volumnetric flask will become extremely hot. Continue to mix until all of the pellets are dissolved.
Bring the solution to volume by adding deionized water and the solution becomes clear and room
temperature.

5.2.2 I lydrochloric acid solution (IdIC, 1: 1): In a lOO0mL volumnetric flask add 500mL deionized water,
then slowly add 500rmL of concentrated HICI. The solution will get warm. Place a top oil the flask
and allow it to cool. Bring uip to volume with deionized water and mix well before use.

5.3 Standards
5.3.1 Spiking solutions (e.g., those used for LCS/LCSD, MS/MSD, surrogates, internal standards) are

referenced specifically in the analytical method. This will include information related to specific
anialytes being spiked, the concentrations, amount added, preparation schedule, expiration and
storage. R~efer to Table 4 for a l isting.

6.0 Sample Preservation and Containers
6.1 Samples are stored iii the walk-in refrigerator at 4 T' ± 2. Samples are located by the date received as

noted onl the LM IP II) label.
6.2 H olding limnes aie vei y importfant and samples must be extracted regardless of when the samples arri ve.

The holding t ines are method and matrix specific. Consult the analytical method for details.
7.0 Procedure

7.1I All samples have a duec dale~ sample extracts shon Id delivered to thle analytical laboratory at least 2 or 3
days in advance of the due dante, if possible.

7.2 The scheduling of sanriplIes depends on thie client, number of samrples, due (jutle and holding times and
personnel oin a day-lu-day basis.

7.3 Saip liies mutst be atroom iter peratuire befor-e proceedinigwith extr-actioni. Usuially, the process of allowinig
the samples to reach room temperature wvill also allow the solids in the sample to settle.

7.4 SainpleIs Should be lIned-Up Ill front of the separatory funnels. Separatory funnels shou LI be clearly labeled
with thle LMl' Oi der # or other sample ID (Blank, LCS, M S/MSD) with a black indelible mril]ker.

7.5 M ark theC men i sc US of each sample on thie outside of the sample container-. All sample containers must be
nut ked iii ordlei to delci minned thle voILlue after extraction by filling the original container with tapwater or
s~ample water and 1measuringI thie volume with a Class A graduated cylinder. This volume will be
do0cumeneted onl the aIppropriate extraction sheet for the corresponding sample.
Note: Technic ian observat ion is extremely important at this stage. Actual sample size used is critical to thie
success offthe anialysis. Consult wvith your supervisor onl any sample that does not appear typical, e.g. strong
solvent odor oi high amounts of solids.

7.6 Iran sfer thle entire contents of the sample to thle separatoiy funnel when applicable If high concentrations
alie anticipated, a smaller volume may be used and add deionized water to bring volume to one liter.. 1'he
following procedr nrcunst be followed when a smaller volume of sample is used

7.6 I Select an appropriate size gi-aduated cylinder based on the amount of sample to be used.
7,6.2 Using a black indelible mnarker, label the base of the cylinder with thle LMP Sample ID,
7.6.3 Me~asure thle required amrount of sample into the graduated cylinder.
7.6.4 Translbr thie sample froin(the graduated cylinder, to the 2 L separatory funnel. 1)0 NOT Discord or

rinse thle graduated cylinder, at tliis time and add deionized water to bring volume to one liter.
7.7 Check the p11 of the sample wvifth intermuediate-range pi-I paper. The initial plI] is recorded onl the extraction

Sheet.
7.Y QC Solutions (e.g. su1rrogates, controls, and spikes) are added to samples in order to monitor the extraction

piocess. As per Method 3500, add thie appropriate amount of the surrogate standards to all samples, spikes,
and blanks (See the appropriate analytical mnethod for details onl thle surrogate standard solution and the
matrix spike sol iiiion). Fot the sample in each analytical batch selected for spiking, add the appi opriate
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amount of the matrix-spiking standard. See the Appendix for descriptions of the different type solutions

and their uses.
7.9 An oversight person will double-check the technician to make sure the surrogate and spike, which is clearly

labeled, is being used for the appropriate test.

7.10 After adding the surrogate solution and if necessary, adjust the pH to that indicated in Table 3 in the

Appendix for the specific determinative method that will be used to analyze the extract.

7.11 Add the I" aliquot of extracting solvent (6OmL) to the empty sample container or graduated cylinder if

smaller volume used. Replace the bottle cap, mix and transfer it quantitatively to the separatory funnel.

7.12 Seal and shake the separatory funnels vigorously with periodic venting to release excess pressure. Place

the separatory funnels in the automatic shaker and set the timer for 2 minutes. Vent the separatory funnel

periodically to remove any excess pressure that has built up

Note: Methylene chloride creates excessive pressure very rapidly; therefore, initial venting should be

done immediately after the separatory funnel has been scaled and shaken once. The separatory

funnel should be vented into a hood to prevent unnecessary exposure of the analyst to solvent vapors.
Venting must be performed as necessary during automatic shaking as well.

7.13 Allow the organic layer to separate from the water phase for a minimum of 1 0 minutes. If the emulsion

interface between layers is more than one-third the size of the solvent layer, the analyst must employ

mechanical techniques, such as centrifugation, to complete the phase separation

7.14 The following steps are taken to break up an emulsion. Drain the emulsion into a centrifuge bottle or 4OmL

vial and load extracts into the centrifuge machine #1 or #2. Make sure they are properly balanced and

labeled. Spin samples at a speed of 30 rpmi for 5-10 minutes, Pour the solvent layer through a filter funnel

with a #41 filter paper with sodium sulfate or glass wool and sodlium stilfate into a 250/500mL Erlenmeyer

flask.
7,14.1 Pour the emulsive layer back into the separatory funnel and repeat the above steps, if necessary.

Emulsions usually break up after the first or second shake.

7.14.2 Drain the emulsion into a 250nmL beaker and add sodium sulfate and some muethylene chloride using

a glass-stirring rod to break up the sodium sulfate. Sodiuimsulfate gets hard when added to an

emulsion. Continue stirring until it breaks uip.
7.14.3 Filter into a 250/500mL Erlenmeyer flask.
7.14.4 The optimum technique depends upon the sample and may include stirring, filtration of the emulsion

through filter paper and sodium sulfate, centrifugation, or other physical methods Collect the solvent

extract in anl Erlenimeyer flask or centr ifuge bottle
7.15 Repeat the extraction two more times using fresh portions of solvent. Combine the three solvent extracts.

7.16 If further pH adjustment and extraction is required, adjust the pi I of the aqueous phase to the desired pH

indicated in TFable 3. Serially extract three times with 6OmL of mnethylene chloride, as outlined above

Collect and combine the extracts and label the combined extract appropriately.

7.17 If performing GC/MS analysis (Method 8270C), the acid and base/neutral extracts may be combined prior

to concentration. However, in some situations, separate concentr ation and analysis of the acid and

base/neutral extracts may be preferable (e~g if for regulatory purposes the presence or absence of specific

acid/neutral or base compounds at low concentrations must be determined, separate extract analyses may

be wartranted).
7.18 An Extraction Logbook will be maintained.
7.19 Rapid-Vap Nitrogen (N,) Concentration

7.19.1 At thle time that samples are ready for concentration, pour extract into the Rapid Vap N2 flasks. The

evaporator should be set as follows:
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Soil Samples

BNA
Timte -approx. 40 minutes
Ternp5 SOC
Vortex 50

Final VOIlume IlmL Methylcne chloride
Pest & PC 's (Water and Soil)

1Time approx. 40 minutes
Tlernp. 50 0C
Vortex 150
Final volume JIOmnL exchanged to Ilexane

BNA Water Samples

Time ~~~~~~approx. 60 mninutes
Temop 50 "C
Vortex 50
Final voIlHLie I m L, Methylene chIor ide

For I)RO Concentrations (Water and Soil)
Tintle approx. 40 minutes
Temnp 50fT
Vortex 50
Finlal volumec I fl, Methylene chlor ide

CAUTION: When the volumne of solvent is reduced below hImLl, semni-volatile anah,'tes mayrs he
lost.

7.1 9.2 The Rapidl-Vap N, E~vapoiation Systemn should be already Onl at a set temperature of 50C and a
Vortex speed of'50%.

7.1 9.3 Place thie sample tubes in the Rapid-yap at a volumne not tO exceed 25OmL- due to possible
contaiminaion. Lower the lid1 and nitrogen will begin to blow into the sample and concentration will
begin.

7. 19.4 Set thie timter and cont i me to concentrate the samples tint il a final volume that is acceptable for thle
speciftic muethod is obtained. This volume is usually InmL. If the sample concentrates below thle I ndL
muark let the Rapid-yap flask cool, then add the preferred solvent to the sample and bring it to
Voliini1t.

7. 19.5 If you need to exchange the solvent, concentrate the extract down to 2imL, adLI at least 3Om L_ of
preferred solvent and re-concentrate clown to the desi red finn I voluime. Remove fromt the Rap id-Vap
until YOU arie ready to transfer to 2mL vials.

7. 19,6 Transfer the extract fromn the samplIe tube to the vial. If the final volu me is 0.01 to 4rom use a
serological pipette lanti pipette bulb to draw the solvent to thie desired himaI vo nime lor the
a ppropri ate test.

7. 19.7 Iffthe final volumie is 5romL or above pour- thle exti act into a graduated cylinder anLI bring It uIP to the
voIlHLie wvhich is required for the test.

7. 19.8 The extract obtained may now be aim lyzed for analyte cont~ent using a variety Of organic techiqueLLIs.
If analysis of the extract or ainy step in thle extraction procedure wvill not be performed i mmedi atelyI
stopper the concentrator tube or cover the flask with qIIIaluminu foil anti store refrigerated. If the
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extract will be stored longer than 2 days it should be transferred to a vial with a Teflon-lined screw cap

or crimp top, and labeled appropriately.

8.0 Quality Control/Quality Assurance/Corrective Action

8 1 Any reagent blanks or matrix spike samples should be subjected to exactly the same procedures as those

used upon actual samples
8.2 Refer to SW846 Method 3500 for extraction and samople preparation procedures.

9.0 Training and Training Validation
9.1 Employee training on documented procedures may be found in the Employe riig SOP.

Demonstration of the employee's training in the specific procedures involved in this method may be found

in the Training Documents Log This documentation includes all in-house and outside training received and

include items such as proficiency testing and information on performance testing results. A Demonstration

of Capability is on file for each analyst performing the test.

1 0.0 Data Validation
10.1 Refer to the Data Reduction anidReview SOP

1 1.0 Health and Safety
11.1 Refer to the Chemical Hygiene Plan anidLaborator-ySafety Plan SOPs.

12.0 Waste Disposal and Pollution Management
12.1 Refer to the Waste ManagiemenitPlan SOP for waste disposal procedures

13.0 References
13.1 LMP's Definitions, Acronyms, Symbols and Abbreviations Policy

13.2 Solid Waste Manual, SW846 Update Ill, December 1996.

13.3 U.S. Army CoTps of Engineers (USACE) Shell for Chemical Analytical Requirements EM 200-1-3,1 Feb

01.
13.4 EPA, Methods for Chemical Analysis of Water and Wastes, EPA -600/4-79-020, March 1983.

13.5 NELAC, Quality Systemns, Revision 15, May 25. 2001
13.6 NELAC, Program Policy and Structure, Revision 13, June 29. 2000

13.7 40 CFR Part 136 Appendix A.
13.8 EPA Guidance for Preparing Standard Operating Procedures (SOPs), EPA QA/G-6, EPA/240/B-0l1/004,

March 2001
13.9 USEPA 2185 - Good Automated Laboratory Practices
13 10 USEPA 600/4-79-020, Methods for Chemical Analysis of Water and Wastes, March 1983.

13.11 OSHIA Laboratory Standard, 29 CER 1910.1450
13.12 OSI IA Compliance Guide, Kirk I-. Ray, gth Edition.

13.13 "Proposed 0S11A Saifety and flealth Standards, Laboratoriesv ", Occupational Safety and Health

Administration, 5 I FR 26660, July 24, 1986
13.14 Laboratory Safety in Practice. A Comprehensive Compliance Program and Safety Manual.

13.15 "SoaJ/v in Academic Chemistry Laboratories ", American Chemical Society Publication, Committee on

Chemical Safety.
13.16 "Carcinogens - Working with Carcinogens ", Department of I Ialth, Education and Welfare, Public l'ealth

Service, Center for Disease Control, National Institute for Occupational Safety and 1-ealth. Publication No.

77-206, August 1977.
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Table I - Equipment & Supplies

Supplies Vendor Catalog4
Separatory Funnel, 2L Fisher K6360412000
Teflon Stopper Fisher K8505400034
Erlenineyer filter flask, 250rnL Fisher 10-090-Bl
-Erlenineyer filler flask, 500mL Fisher 10-091 -C
Filler funnels, 75mmn Fisher 1 0-346B
Graduiated cylinder, l000mLt Class A Fisher 08-548G
Rapid-Vap flask, I jnL Fisher 1 6-315-74
Whatmnan #41 Filler- paper Fisher 09-8500
pi I Indicator paper [0-61 Fisher M95863
pi I Indicator paper [5- 10] Fisher M95883
p)1 Inhdicator paper [7.5-141 Fisher M95873
Serological ipettes, disposable, InmL Fisher 13-678-25B
Serological l~ipettes, disposable, 2mL Fisher I13-678-25C

Npelte hall) ra~~~~~Fsher 13-681-102B
Vial/Caps/Septa Clear Vials, 2mL, Kinible/Fisher 60886A- 1232
Cl__ _____vi_ __s___40__l___QEC II 12-40niL

Class Wool ~~~~~~~Supelco 2-0410
Teflon Sqirt Bottl, 500nil-Fisher 03-409-12E

Lppndof aiitp ipetor.100-1000 iL, Ft sher/1ri nkmann 05-1402-50 / 22-47-030-2
Pasteur pi pettes, di sposab lc~ 5.75 in. Fisher 13 -678-6A
31) Floor Shaker VS550424
Rapid Vap N2 Labconco 79100
Centri tu1ges Inentoa q Ipmn Co.
Separatory Ibiiinel racks
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Table 2 - Reagents and Standards

Supplies Vendor Catalog 1
Methylene Chloride, 4L Fisher D1514

Hexane, 4L Fisher 1-1303-4

Acetonitrile, 4L Fisher A996-4

Hydrochloric Acid, 2.51L Fisher A508-212

Sodium Hydroxide, 3Kg Fisher S318-3

Sodium Sulfate, 2.5Kg Fisher S415-212

Methanol, 4L Fisher A454-4

Acetone, 4L Fisher A928-4
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Table 3 pH Adjustments

Method Initial Second Exchange Volume of' Final
Extraction Extraction Solvent extract extract
PH pHt required required volume for

for for cleanup analysis
______________analysis (mnL) (m L)

80 81/8-082 5 -9 None Ilexane 10.0 10.0
8140 6 -8 None llexane ____ ___ 100 _. 0
8141 received None Il~exane w______ _100 1.0
80l5M < 2 none NKone -~1.0
8311) Received None Acetonitrile -1.0

8270C** < 2 INoe _____ 1.0 1.0

*The cleanup procedures Ibr Method 808 1/8082 nay vary according to the list of anialyles. The following
cleanups naty be performed:

Analyte Cleanup
Pesticide Method 3620 Florisil Cleanti
1C03 Method 3665A Suilfuric Acid Cleanup

**The specificity ofGCC/MS may mnake clea'nuip of the extracts necessary. Refer to the suipervisor or
laboratory director for gUidance on the cleanup proced tres available if required.
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Table 4 - Surrogates and Spikes

SuJrrogate/S ike Description Vol. Application
BNAs by 8270C / 625

Surr te #Acid I mLAl

Surrftf 2Bs/NurlIm l

Matrix Spike #1 Full List Spiking Solution 5 mL- LCS/LCSD & MS/MISD

Acid Extractables b, 8270C / 625
Surrogate #1 Acid Surrogate 1 mrL All

Matrix Spike #1 A~ci SIknSlto I mL LCS/LCSD & MS/MSD

Base Neutrals by 8270C / 625
Surrote2 Base/Neutral I mL _TAll~

Matrix Spike #1 Full List Spiking Solution +5 ~mL LCS/LCSD & MS/MSD
Phthalates bV 8270C / 625

Surro ate #2Bse/Neutral I InL- All

Matrix Spike #1 PI ITH Spiking Solution IiLLCS/LCSD & MS/MSD

PAils bv 8270C / 625

Surrogate #2 Base/Neutral I LAll

Matrix Spike #2 83 10 Spiking Solution 2 LLCS/LCSD & MS/MSD

PEST & TCLP PEST by, 8081 A
Surrogate #1 Pesticide Surrogate I m All

Matrix S ike #1 Pesticide MS I LLCS/LCSD & MS/MSD_
PCB & TCLP PCB by, 8082

Surrogate #1 Pesticide Surrogate I inL All

Matrix Spike PCB MS DRI TL TP h L 1 LCS/LCSD & MS/MSD

Surro'ate #1 OTP Sunrogate I m1L All

matrix Spike DRO Spike jI inL LCS/LCSD& MS/MSD

TCLP BNA bv 8270C

Surrogate #I I cid Surrogate I till, All

Surr ae#Base Surrogate I rmL All
Marix Spike #1 Full List Spiking Solution 5'EL E LCS/LCSD & MS/MSD

PAD- by 8310

Suroa~te #1 83 10 Surrogate I LAll S1CD&M/S

Marx pke #1 83 10 Spiking Solution I 'ILLC/SD&M/D
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Ultrasonic Extraction by Method 35508

Prepared by: ____________ _____

Michael Kauiffmain, Technical Director

Approval: ________________

Scott McKee, President
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1.0 Scope and Application
1.1 Method 35508 is a procedure for extracting nonvolatile and semnivolatile organic compounds from solids

such as soils, sludges, and wastes The ultrasonic process ensures intimate contact of the sample matrix

with the extraction solvent.

1.2 The method is divided into two sections, based on the expected concentration of organics in the sample.

The low concentration method (individual organic components of < 20mg/kg) uses a larger sample size and

a more rigorous extraction procedure (lower concentrations are more difficult to extract). The miediumi/high

concentration method (individual organic components of > 20mg/kg) is much simpler and therefore faster.

2.0 Summary of Method
2.1 Low concentration method - A 30 g sample is mixed with anhydrous sodium sulfate to form a free flowing

mixture. This is solvent extracted three times using ultrasonic extraction. The extract is concentrated and

then analyzed using an appropriate analytical method.

2.2 Medium/high concentration method - A 2 g sample is mixed with anhydrous sodium sulfate. This mixture

is solvent extracted once using ultrasonic extraction. The extract is separated from the sample by vacuum

filtration, centrifugation or filtration. The extract is ready for cleanup and/or analysis following

concentration.

3.0 Interferences and Potential Problems
3.1 Solvents, reagents, glassware and other sample processing hardware may yield artifacts of interferences to

sample analysis. All these materials must be demonstrated to be free from interferences under the

conditions of the analysis by analyzing method blanks. Specific selection of reagents and solvents may be

necessary.
3,1.1 Phthalate esters contaminate many types of products commonly found in the laboratory. Plastics, in

particular, must be avoided because phthalates are commnonly used as plasticizers and are easily

extracted from plastic materials. Serious phthalate contamination may result at any time if consistent

quality control is not practiced.
3.1.2 Glasswai-e contamination canl result in analyte degradation: Soap residue on glassware may cause

degradation of certain anialytes. This problem is especially pronounced wvith glassware that may be

difficult to rinse. These items should be hand-rinsed veiy carefully to avoid this problem Chromic

acid that is not completely rinsed will cause similar problems with anialyte degradation and should be

carefully rinsed to avoid this problem.

3 2 Refer to OraiFaoaoyGaswr laigPoeue SOP

4.0 Equipment and Apparatus
4 I Refer to Table I for a listing.

5.0 Reagents and Standards
51I Policy.

5.1 I Reagent grade chemicals shall be used in all tests. Unless otherwise indicated, it is intended that all

reagents shall conform to the specifications of the committee on Analytical Reagents of the

American Chemical Society, where such specifications are available. Other grades may he used,

provided it is first ascertained that the reagent is of sufficiently high purity to permit its uise without

lessening the accuracy of the determination. All reagents/solvents/standards must conform to the

specifications of the Committee on Analytical Reagents of the American Chemical Society, where

such specifications are available.
5.1 2 All reagents/solvents/standards must be traceable using the Solution Validation Quality Assurance

Program (SVQAP). This program is detailed in the Quality Assurance Program Plan Section 6.3.

Refer to Reagent and Standard Solutions Validation. SOP

5,2 Solutions/Standards-See SW846 Method 3500 for surrogate and spike information.

5.3 Sodium sulfate (granular, anhydrous) is used with filter paper to help prevent water from getting through

the filter and to dry the sample to a free flowing, sandy mixture. It is placed in the oven at 1700 C in its

original container and left overnight to dry. It is then moved to a dessicator until needed The sodium
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sulfate is pre-rinsed with the appropriate extraction solvent prior to use. Sixty grams of sodium sulfate will
be used as the clean matrix for all method blanks extracted using 35508.

5.3.1 Refer to Table 2 for a listing of reagents and standards.
6.0 Sample Preservation and Containers

6.1 As at rule, LMP, Inc. does not engage in sampling activities. I owever, each analytical method has specific
container and preservation (chemical and/or temperature) requirements.

6.1.1 Refer to Chapter 2 oJSW-846 and Sample Locin Procedures SOP for guidance concerning
containers, preservation and holding times.

6.2 Storage of Samples Prior to Extractions at 4±2 "'C.
6.3 Storage of Extracts Prior to Analysis at 4±+20 C.
6.4 I loading Times

6.4.1 I lolding Time for extraction is defined as the number of days fromt Sample Collection (e.g. Sample
Date) to extraction.

6.4.2 I bilding Time for analysis is defined as the number of days from Sample Extractio,, in the
laboratory to date injected/analyzed by the instrument.

7.0 Procedure
7.1 Sample handling

7.1.1 Sedimnent/soil samples - Decant and discard any water layer on a sediment sample. Mix sample
thoroughly, especially composited samples. Discard any foreign objects such as sticks, leaves, and
rocks.

7.1I.2 Gurninmy, fibrous or oily materials not amenable to grinding should be cut, shredded, or otherwise
broken uIP to allow nix ing, and max imum ex posure of thie sample surfaces For- extraction. The
professionall j udginent of the anralyst is required for handling of these di flicul I matrices.

7.1I.3 Determination of Diy Weight: When samples are to be reported ats dtry weight an alIiquot ot the
original sanmpIe is taken and appropriate methodology is applied for the determination of dry weight,
Thlis fhct[or is applied to the Subsequent analytical resltl . This procedure is performed inl the
inorganic laboriatory

7.2 Exutacti on met hod for samples expected to contain low concentrations of organics and pest ic ides (<
20mng/kg):

7.2.1I The following step shoutlId be performed rapidly to avo id loss of the more volatile extrac tables.
Weigh approximatfely at 3O.Og sample into a 2 50mnL beaker. Record the weigh to the nearnest 0. I g.
Add 60g of anhydrous sodiumlI sulfate and Lis i using a tongue blade. Ifreqluired, more sodium sulfate
may be added. After addition of sodium sulfate, the sample should be free flowing. Add surrogate
standards to all samples, QC samples, and blanks (see Method 3500 for details onl the surrogate
standard so lotion and the matrix spike solution). For the sample LCS and MS/MSD0 inl each
analytical batch selected for spiking, add the matrix spiking standard. See Table 3. I mmediate ly add
6OniL of the extraction solvent

7.2.2 Place the bottom Surface of the tip of the disrupter horn about 1/2 inl. below the sur face of the
solvent, butl above the sediment layer.

7.2.3 Extract tiltrasonically for 2 minutes, with output control knob set at I10 (full power) and with modle
switch on1 Pulse (pulsing energy rather than conttnuous energy) and percent-duty cycle knob set at
50% (energy onl 50% of timle and off 50%. of time). Do not use microtip probe.

7.2.4 Decant and filter extracts through \Vhatman 4 1 fillte containing pre-rinsed sodiuma Sulthte or using
vaIcuumII ttranstion or centr ifuge, if necessary.

7.2.5 Repeat the extraction two more times with two additional 60 nl- portions of solvent Decant off the
solvent after each tiltrasonic extract ion. On the tinal ultrasonic extraction, pouir the entii e sample into
the Funnhel and rinse with extract ion solvent.

7.2.6 At the timeo that samples are ready for concentration, pour extract into the Rapid Vap N, flasks. The
evaporator should be set as follows:
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Soil Samples

BNA
Time approx. 40 minutes.

Tern 50 'C
Vortex 50

Pest & PCB's (Water and Soil.
Time -approx 40 minutes

Temp. 50 0C
Vortex 50
Final volume l~mL exchanged tolHexane

BNA Water Samples

Time approx. 60 minutes
Temp 50 0C
Vortex 5
Final volume Im eLyeeclrd

For DRO Concentrations (Water and Soil)

Time approx 40 minutes
Temp)50

Vortex ~ ~ ~ ~~5
Finala volume lImiL Methylene chloride

CAUTION: When the volumneof solvent is reduced below Inml., semi-volatile analytes may be
lost.

7.2.7 The Rapid-Vap N, Evaporation System should be alieady on at a set temperature of 500C and a

Vortex speed of 50%.
7.2.8 Place the sample tubes in the Rapid-Vap at a volume not to exceed 250mL due to possible

contamination. Lower the lid to start nitrogen flowv and vortexing motion.

Note: It is critical that the extract not be allowed to evaporate to dryness. If this occurs, re-
extraction of the sample is required.

7.2.9 Set the timer and continue to concentrate the samples until a final volume that is acceptable for the

specific method is obtained. This volume is usually I lL. If the sample concentrates below the InmL
mark let the Rapid-Vap flask cool, then add the preferred solvent to the sample and bring it to

volume.
7.2.10 If you need to exchange the solvent, concentrate the extract down to 2mL, add at least 3OmL of

preferred solvent and reconcentrate down to the desired final volume. Remove from the Rapid-Vap

until you are ready to transfer to 2roL or 4OmL vials.
7.2.11 Transfer the extract from the sample tube to the vial. If the final volume is 0.01 to 4mL, use a

serological pipette and pipette bulb to draw the solvent to the desired final volume for- the

appropriate test.
7.21 2 If the final volume is 5mL or above pour the extract into a gr aduated cylinder and br ing it uip to the

volume which is required for the test
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7.2.13 lThe extract obtained may now be analyzed for analyte content using a variety of organic techniques.
If analysis of the extract or any step in the extraction procedure will not be performed immediately,
cover the flask with aluminum foil and store refrigerated. If the extract will be stored longer than 2
days it should be transferred to a vial with a Teflon-lined screw cap or crimp top, and labeled
appropriately.

7.3 Extraction method for samples expected to contain high concentrations of organics I(> 20 mig/kg):
7.3.1 Transfer approximately 2g (record weight to the nearest 0.lIg) of sample to a 250nmL beaker.
7.3.2 Add 2 g of anhydrous sodium sulfate to the sample in the beaker and mix well.
7.3.3 Surrogate standards are added to all samples, spikes, and blanks (see SW846 Method 3500 for details

on the su~rrogate standard solution and on the matrix spike solution).
7.3.4 Immediately add 60rnL of Methylerie chloride-Acetone mixture. Disrupt the sample with the 1/8 in.

tapered microtip ultrasonic probe for 2 minutes at output control settingS5 and with mode switch on
pulse and percent duty cycle at 50%X. Extraction solvent always used is mnethylene chloride-acetone
mixture during the concentration exchange step.

7.3.5 Filter the exitract through a Whatrman 41 filter.
7.3.6 The extract is 11ow ready for concentration. Proceed with 7.2.7 for concentration.

8.0 Quality Control/Quality Assurance
8.1 Refer to Chanter One of SW 846 for specific quality control procedures and Method 3500 for extraction

and sample pieparation procedures.
8.2 Any reagent blanks or matr ix spike samples should be subject to exactly the same analytical procedures as

those used on actual samples.
8.3 Corrective Action - Corrective Action is the process by which problems within the laboratory are

(lentiflied, proper personnel are noti lied, the problem solved or justified, correction implemented and the
Corrective Action documented.

8.4 Sonicator Inning Procedure
The sonicator(s) ale to be tined at a frequency of a minimum of once quarterly using the following
procedures:

8.4.1I Ensure that the probe orii microt ip is not immercsed in the l iqu id and that it does not come in contract
with anything. If a cup horn or flow through cell is used, make sure that it does not contain any
liquid.

8.4.2 Set PULSER to OFF position.
8.4.3 Set OUTPUT CONTROL to "10" (to "5" when using a mniciotip).
8.4.4 Set POWER SW ITCI I to ON. The switch will illuminate.
8.4.5 Momentarily depiess TUNE SWITCHI and rotate the tuner clockwise or counterclockwise until a

mini mum (not roax i mumI) reading (usually less than 20) is obtained on the POWER MONITOR. If a
inininiumu ineading can not be obtained, the probe, CuIP horn, tip, in icrotip, extender, or accessoiy is
loose or out of resonance, or the power supply or conveiter require servicing. A loose probe will

LIaUl ly generate a loud piercing sound.
8.4.6 Set OUTPUT CONTROL to '4'.
8.4.7 Set POWER SWrTCI I to OFF.
8.48 With a dutal output 600 watt Ultrasonic Processor, if two converters are going to be used

sirtaltaneously. connect at this time the second converter cable to the top connector.
Caution: T[he power stupply should be tuned after the probe has reached operating
teilperature. When working with low or high temperature liquids, immerse the probe in the
liquid for aI few minutes, withdraw the probe out of the liquid, then, tune the power supply.
When using the optional cup horn or continuous flow cell, remove all the water fromt the cup
horn, and liquid from the continuous flow cell, before tuning the power supply.
When uising a nicrotip or extender, never allow the tip to vibrate in air for more than IS seconds and
dIo not set thie OUTPUT CONTROL above "5., Disregarding these instructions will cause thie
anien irti or extender to fracture.
Note: '[he probe is tuned to vibrate at a specific frequency. If the resonant frequency of the
probe has changed, due to cavitation erosion or fracturing, minimum reading will not be
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obtained. if minimum reading cannot be obtained, check the unit without the probe. if proper
tuning is obtained without the probe, the probe should be changed.

9.0 Training and Training Validation
Employee training on documented procedures may be found in the Emjployee rinn SOP. Demonstration of

the employee's training in the specific procedures involved in this method may be found in the Training

Documents Log This documentation includes all in-house and outside training received and include items such as

proficiency testing and information on performance testing results. A Demonstration of Capability is on file for

each analyst performing the test.

10.0 Data Validation
Refer to the Data Reduction and Review SOP.

1 1.0 Health and Safety
Refer to the Chemical Hypiene Plan and Laboratory Safety Plan SOPs.

12.0 Waste Disposal and Pollution Management
Refer to the Waste Manacement Plan SOP for waste disposal procedures.

13.0 References
13.1 LMP's Definitions, Acronyms, Symbols and Abbreviations Policy
13.2 Solid Waste Manual, SW846 Update Ill, December 1996.
13.3 U.S Army Corps of Engineers (USACE) Shell for Chemical Analytical Requirements EM 200-1-3, 1 Feb

01.
13.4 EPA, Methods for Chemical Analysis of Water and Wastes, EPA -600/4-79-020, March 1983.

13.5 NELAC, Quality Systems, Revision 15, May 25, 2001.
13.6 NELAC, Program Policy and Structure, Revision 13, June 29, 2000.

13.7 40 CER Part 136 Appendix A.
13.8 EPA Guidance for Preparing Standard Operating Procedures (SOPs), EPA QAIG-6, EPA/240/B-0l!004,

March 2001
13.9 USEPA 2185 - Good Automated Laboratory Practices
13. 10 USEPA 600/4-79-020, Methods for Chemical Analysis of Water and Wastes, March 1983.

13.11 OSH-A Laboratory Standard, 29 CFR 1910 1450.
13.12 OS[ lA Compliance Guide, Kirk H1. Ray, gth Edition.
13.13 "Proposed 0S1IA Saitty and Health Standards, Laboratories ", Occupational Safety and Health

Administration, 51 I R 26660, July 24, 1986
13.14 Laboratory Safety in Practice. A Comprehensive Compliance Program and Safety Manual.
13.15 -Safetv in Academic Chemistry Laboratories ', American Chemical Society Publication, Committee on

Chemical Safety.
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Table I - Equipment & Supplies

Supplies Vendor Catalog#
Erlenmneyer filter flask, 250mL Fisher 10-090-B
Erlenmceyer filter flask, 500mLd Fisher 10-09 1-C
Beakers, 2S0niL Fisher 02-555-20A
FilIter funnels, 75nmm Fisher 10-346B
Rapid-Vap flask, I rnL Fisher 16-315-74
Whatman #41 Filter paper Fisher 09-8500
S~er ological Pipettes, disposable, I mL Fisher 1 3-678-25B
Serological pipettes, disposable, 2mnL Fisher 13-678-25C
Pipette bulb Fisher 13-681-102B
Vial/Caps/Sepia Clear Vials~, 2ml- Kiruble/Fisher 60886A-1232
Clear vials, 40mil QEC 11 12-40mL-
Teflon Squirt Bottle, 500mil Fisher 03-409-12E
Pasteur pipettes, disposable, 5.75in. Fishier 13-678-6A
Eppncndorf aulopipetior, 100-I 000[kl LF1shei/Brinkmnann 05-1402-50 / 22-47-030-2
Woodenl tonguLe depreCssors Fisher 01-346

Balance - Top loading
Rapid Vap N2 Labconco Model 79 100
CcnIt ri IFuges International I-cqu ipment Co.
Ultrasonic disrupter ______________ _________

Ultrasonic tips/horn-1s
S onabox Ultrasonics, Inc, Model 432B or equivalentI

Table 2 - Reagents and Standards

Sup plies Vendor Catalog#
Methylene Chlor ide, Pesticeide quality or eq iiivalent
I lexane:Acctone, Pesticide quality or eqluivalent
Acetone, GC Resolv Fisher A928-4
M ethylene-Acetone I I, Pe-sticide q 1w1 ty or- equiiva lent
I lexane Fisher 303-4
Acetoniirile Fisher A996-4
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Table 3 - Specific Extraction Conditions For Various Determinative Methods

Initial Extraction Exchange Exchange Volume of Final

.Method extraction pH Solvent solvent solvent extract extract
required for required for required for volume for
analysis cleanup cleanup as analysis

Necessary (mL)

________ ~~~~~~~~~~~~(mL)
8081A Neutral pH- Methylene H-exane Ilexane 10.0 10.0

Chloride-
Acetone 1: I

8082 Neutral pllI Methylene H-exane Fl~exane -1-0.0 10.-0
Chloride-
Acetone I I

8310 Neutral p11 Methylene Acetonitrile NoeA1.
Chloride _______

8270 Neutral pH Methylene None None NA 1.0
Chloride-
Acetone 1:1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

(a) The specificity of GC/MS may make cleanup of the extracts unnecessary. Refer to Method 3600 for guidance on

the cleanup procedures available if required.
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Mercury in Liquid Waste, Automated Cold-Vapor Technique

By SW-846 Method '7470A

Prepared by: ____________ _____

Michael Kaiuffman, Technical Director

A pproval: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Scott McKee, President

The Standar d Opei aling Pirocedwre has been prepar ed for the sole use of Labor atory Management Par tners, Inc.



8772086

Laboratory Management Partners, Inc. Procedure No. SOP/MA.7470A.01
Standard Operating Procedure Page 2of I1
Mercury in Liquid Waste by SW-846 Method 7470A Revision No.: 01
Effective Date: 09/01/04 Supersedes SOP: 7470A.doc

1.0 Scope and Application
Methods 7470A is a cold-vapor atomic absorption procedure for determining the concentration of mercury in

aqueous wastes and ground water samples.

2.0 Summary of Method
2.1 The cold-vapor technique is based on the absorption of radiation at 253.7nm by mercury vapor. The mercury

is reduced to the elemental state and separated from solution by a gas/liquid separator. The mercury vapor

passes through a cell positioned in the light path of a mercury lamp. Absorbed radiation is measured as a

function of total mercury.

3.0 Interferences and Potential Problems
Certain metals like Copper have been known to interfere with the analysis of Mercury.

Likewise, anions such as chloride must be eliminated with the use of potassium permanganate, since it absorbs

radiation of 253nm.

4.0 Equipment and Apparatus
4 1 CETAC M-6000 Mercury Analyzer with autosampler
4.2 Water bath
4.3 Eppendorf variable pipette
4.4 Eppendorf tips
4.5 16 X 1 00 culture tubes
4.6 Digitubes
4.7 Viton Pump windings
4.8 Filtermates
4.9 Nist-Traceable thermometer
4.10 25 mL graduated cylinder
4 1I Transfer pipettes (disposable)
4.12 Black/black pump windings
4.13 Yellow/yellow pump windings
Refer to Table 1.

5.0 Reagents and Standards
All reagents and solutions are prepared, identified and documented. Refert to Reagent and Standard Solutions

Validation SOP. All stock solutions shall be valid for 6 months and intermediates or working standards will be

held for I month unless otherwise specified by the method or superseded by USAGE Shell Document EM 200-

1-3. Store these solutions in appropriate containers Follow the preparation, storage and expiration protocols as

described in the aforementioned SOP on Standard and Reagent Preparation and Traceability or as indicated

below.
5.1 ASTM Type 11 xvater
5.2 Concentrated 1-ydrochloric Acid, Trace Metal Grade

5.3 Concentrated Nitric Acid, Trace Metal Grade

5.4 Concentrated Sulfuric Acid, Trace Metal Grade
5.5 Stannous Chloride: Add 50 grams of SnClŽ to 500 m-L Type 11 Water and 37.0 nil concentrated HCI.

5 6 Sodium chloride-hydroxylanaine sulfate solution: Add 120 grams NaCI and 120 grams hydroxylamnine

sulfate into 1 000 mL of deionized water.

5.7 Potassium Permanganate solution: Add 50 grams of KMnO4 into 1 000 mL deionized water

5.8 Potassium Persulfate solution: Add 50 grams of K,SO8 into 1 000 mL deionized water.

5 9 Ultra-Pure Zero-Grade Argon Gas UN1006
5 10 Mercury Stock.
5.11 Mercury Stock (second source)

6.0 Sample Preservation and Containers
6.1 The Holding Time for this analysis from the time of collection of the sample is 28 days.

6.2 Samples should be collected in plastic bottles and samples preserved to pH- of less than 2 with concentrated
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nitric acid.

7.0 Procedure - Sample Preparation
7,1 Prepare standards (refer to Table 6). These will be taken through the entire preparation procedure. Standards

are prepared daily. Record SRN#'s in Log.
7,2 All data is recorded in the Metals Digestion Logbook (refer to Table 2). The following information is

required to begin the procedure:
ol Date and Time
ol Initials of Technician
o3 Next consecutive number of Logbook (Digestion Batch)

7.3 Organize the LIMS generated worksheets (refer to Table 3) into batches of tip to 20 samples. Record the
LMP Sample ID of each selected sample in the Metals Digestion Logbook.

7.4 To establish which sample is to be used as the Matrix Spike, the following criteria is used:
ol Adequate volume of sample available
0 Sample must not be a Field QC (e.g., Trip Blank, Equipment Blank)
0 Client specific request (e.g. sample or project)
o Select last sample of digestion batch.

7.5 Once the spike sample is selected, record the MS/MSD sample ID in the Metals Digestion Logbook.
7.6 Assign each sample in the digestion log a unique identifier (e.g. # I through #20 for the first batch, #1I A

thiough #20A for the second batch ... ). Transcribe the unique identifier to the corresponding digestion tube
(i e. digitube) using a black Sharpie pen

7.7 Invert samples 3 to 4 times to ensure settled solids are consistently distributed.
7.8 Immediately transfier 20 mil, of welI -inixed sample directly into the digitube.
7.9 For the sample selected fIm the MS/MSD, triplicate aliciuots are prepared.
7. 10 Prepare two (2) aliqUOts of'20 mn-L deionized water to use for Method Blank and LCS
7.11 Transfer 20 i L- fromt each calibration standard volumectric into a d igi~tube. Check the Calibration logbook to

he sUiii the Eppendo rfhas been calibrated for fihe day (refer to Fable 4).
7.12 Spike the LCS, MS and MSD with 0.1 ImLd of Mercury spiking solution (refer to TableS5) using the

Eppendorf varitable pipette. Record the S RN number of the spiking solutions used in the Mercury Digestion
Logbook.

7. 13 Adid 0.5niL. off IINO3 and in ix. Record RR N# 's in Log.
7. 14 Add .0ruL. off I 1204 and mix. Record R RN4's in Log.

iVote: Whenc, (addingd acid, look/o~r any reaction in thec samples Ithat inay require dilutions. Ij reaectioni is
notedi, ask superivisor. Make appropriate mljlmulns.

7. 15 Add 3 OinL of potassium permianganate solution to each digestion vessel and mnix. Add aidditional port ions of'
potassium permnarganate solution, if necessary, until the purple color persists for at least 15 mintites. Note in)
Digestion Log ainy additional permianganate needed. Record SRN#'s in Log

7.1 6 Add 0.8 ml1, of poUItassium persul1fate to each vial and mix. Do this twice. Record SRN#'s in Log
7.1 7 Cap each tuibe and place rack in water bath. Record temperature of bath in Digestion Log.
7.8 Digest in two tautoclave for 20 m1inutes.
7. 19 Remove racks from autoclave and allow cooling to roomn temperature
7.20 Remove caps and add 1 .2 nl- of sodiumn chloride hydroxylarnine sullfate. Use a disposable transfer pipette

to mnix. Record SRNft's in Log
7.2 I Filter, if necessary, with Fil terrmate.

8.0 Procedure - Sample Analysis
8 1 Power uip system Al low 30 minutes to Warm1 uip.

O Mercury lamip
O A/S
O Gas (set to deliver I100 psi)
oJ Computer!/ Monitor
o Set and clamp pumnp wvind ings on peristal tic pump

8.2 Beforec ttirni ng peristaltic pump on, be sure to remove outlet line form gas Iliquid septaraor.
8.3 Turn ptimp on and make any pressure adjustments neces'sary to achieve steady flows.
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8.4 Enter method in) software.
Note: CETAC M-6000 is operated and controlled using the proprietary software created by CETAC

Technologies, Inc. Analyst will be trained on software capabilities and procedures.

8.5 Analyze the 101.tg/L standard and make any gas flow adjustments necessary to achieve an adequate intensity

level (e.g., if IlOpg/L standard is reading 30,000 intensity units, the gas flow might need to be reduced to

achieve approximately 40,000 to 50,000 intensity units).

8.6 Using the profile of the 1l0~g/L standard set the time profile lockdown and the baseline correction points.

8.7 Transfer calibration digestates into the appropriate A/S tubes.

8.8 Calibrate the instrument using 5 standards and a blank. (correlation coefficient -Ž:0.995).

8.9 Build autosampler sequence using the Digestion Log. Sequence must begin with an Initial Calibration

Blank and Initial Calibration Verification. Transfer LMP Sample ID's into autosampler sequence, making

sure to add a Continuing Calibration Blank and Continuing Calibration Verification every 10 samples.

8.10 Transfer digestates into a 16 X 100mm culture tube in the autosampler rack.

8.11 Analyze samples

9.0 Quality Control

9.1 The instrument xvill automatically analyze all samples in quadruplicate. The resulting %RSD should be <

I10%.
9.2 The minimum correlation coefficient required is 0.995 for the initial calibration.

9.3 An Initial Calibration Blank is analyzed at the start of each analytical run. Result must be less than the

established quantitative limit

9.4 An Initial Calibration Verification Check is analyzed at the start of every run. The concentration for this

check standard is 5.0[ig/L. The acceptance criterion is that it must be ± 10 %.

9.5 A reagent blank is taken through the entire procedure, one for every extraction batch or 20Ii' sample,

whichever is more frequent. The result must be less than 0 I 0lig/L.

9 6 A Laboratory Control Sample is taken through the entire procedure; one for eveiy extraction batch or 20ith

sample, whichever is more frequent. The percent recovery must fall between 80-120%

9.7 Matrix spike and spike duplicate samples are analyzed every analytical batch (20 samples) or daily,

whichever is more frequent. The percent recovery should faill between 80-120% and the RPD must be less

than 20%.
9 8 A Continuing Calibration Check standard is analyzed every I10 samples and at the end, and recorded on the

run log. Results must be ± 20%.

9.9 An Continuing Calibration Blank is analyzed every I10 samples and at the end and the result should be less

than the established quantitative limit.

9.10 An Ending Calibration Check is analyzed at the end of the analytical sequence and the result should be

within 20%

10.0 Calculations
All calculations are handled by CETAC instrument software and have been validated.

From the calibration curve generated, the slope and y-intercept are generated and recorded. It should be noted

that because we are dealing with a linear model, the calculated correlation coefficient should be greater than

0.995. These will be the variables used in the calculation of sample concentration The equation used is:

I-lg,plg/L=- X=-(Y - B
A

Where: X = concentration of the sample, Ig/L
Y = average response of the instrument for the sample

B = y-intercept
A -slope of the curve

1 1.0 Data Validation
Data validation is performed per Data Reduction and Review SOP

11.1 The analyst completes sequence Checklists for each analytical sequence. The analyst must complete the
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checklist and ensure that all method Quality Assurance requirements have been met.
11.2 Calibration (]CAL) - Calibration criteria must be met prior to analysis of samples. No sample analysis may

begin until calibration criteria have been validated and verified.
11.3 Initial calibration verification (ICV) is analyzed at the beginning of the analytical sequence. This standard is

miade using asecond source stock standard. Results must be within ±]0%of the expected value.
11.4 Continuing Calibration Verification (CCV) - Reported sample results for any analyte must be bracketed by

CCV standards that are within ± 20% of the expected value for that analyte. InI addition, the RPD for the
duplicate injections must be less or equal to 20%. Re-analysis is required for those analytes outside the CCV
evaluation criteria.

11.5 Continuing Calibration Blank (CCB) - CCBs are analyzed after every 10 samples and at the end of the
,analytical sequence. The CCB must be less than the MQL for each reported analyte. Re-analysis is required
for those reported analytes outside the CCB evaluation criteria.

11.6 Reported results mist be within the established calibration range. Analytes above this range mnust be diluted
and re-analyzed.

11.7 A method blank must be less than the method quantitation limit (MQL) (for IJSCOE samples, less than 0.10
lig/L) lfthe blank is not less than the MQL, sample should be re-analyzed to verify failure. If sample is
verified to be out of control, re-dligestion and analyses of entire batch is required.

I11.8 The LCS samrple must fall within ± 20% of the expected value. If failure occurs., the entire batch will be
considered Out of control, re-digestion and analyses of entire batch is required.

1 1,9 Results for thie MS, MSD samples should be < 20% Recovery and < 20% RPD. If failure occurs and a
sample is < 2 lig/L, a post digestion spike (PDS) will be necessary on the spiked sample. Results of the PDS
should be ± 15% recovery of the expected value. If sample is > 2 lpg/L and MS,MSD fail, a diurtion test
(DT) wvill be r-eq~iI rd ResU Its of a 1:5 diMIotion and the original sample result should be within 10%
diffierienicc.

I I .0 I0f DT' or POS Were used and aI failure occurs, the Method of Standard Additions (MSA) will be necessary.
Re-digest ion mand re-analysis may he Used if further yenificati on is required.

I11.1 IOnce thie sequence h)as been reviewed, the analyst wvill complete any applicable QC Forms needed to
summai nR1ze anly Qu1alIit y Co1ntrol Sam plIes ai lIaIyzed. Re fer to Tab Ice 7.

Met hod Blank SIi ntumrnay
Laboratory Control Sample(s)
Matrix Spike/Matrix Spike Duplicate
Dilution Test S11inm1aily
Post lDigestion Spike Summ~ary (PDS)
Method of Standard Additions Summary (MSA)

II 1.1 2 The analyst is required to complete, review, sign and date the work sheets prior to submission (Level I
review).

I1. 13 The Section Supervisor (or designate) will then review the wvork sheet to ensure completeness and accuracy
(Level II i eview). The Section Supervisor is ultimately responsible for the quality of the Level 11 review.

The Metals Laboratory Su~pervisor is responsible for ensuring that all worksheets, reagent logs
digestion logs and standard logs and maintenance logs are completed and tip to date.

12.0 Training and Training Validation

12.1I Employee training on dclOumented procedures may be found in the Enmn ovee r nn SOP.
12.2 DIremonstrat ion of the employee's t ainiiing in the speciftic procedures involved in this method may be found in

the Trainin1g DoeLument s Log fh is documentation includes all in-house and outside training received and
i1C ILude IteII nSsuch as proficiecuy testing and in formation on performance testing results. A D~emonstrat ion
of Capability is on file for each analyst performing the test.

13.0 Health and Safety
Refer to thie Chemical II vetiene Plan and Laboraotoy Sa fetv Plan SOPs

14.0 Waste Disposal and Pollution Management
Refer to the Waste M anagcement P lan SO P for waste disposal procedures.
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Tables

Table I - Equipment and Supplies

Table 2 - Mercury Digestion Log

Table 3 - LIMS Mercury Work Sheet

Table 4 - Variable Auto-Pipettor Daily Calibration Log

Table 5 - Calibration Working Standard Dilution Schedule

'Table 6 - Components of 5-point Curve (ICAL 1-5)

Table 7 - Mercury Sequence Cheek List
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Table 1 - Equipment & Supplies

Supplies Vendor CatalogU
CETAC M-6000 CETAC NA
Water bath Chefs Supply NA

Eppendorf Variable Pipette Fisher 85-402-50

Eppendorf tips Fisher 2235090-1

Digitubes SCP Science 010-500-263

16 X 1 00 Culture tubes SCP Science 130-012-006
Viton pump windings CETAC S5704

Black/black pump windingsCETAC S5705-B

Yellow/yellow pump windings CETAC S5705-A

Filtermates Environmental Express SC0401

25 mLnd Graduated cylinder Fisher 20024

Nist-Traceable Thermnometer Fisher 14-983-1 9A

Conc. H-N0 3 (Trace metal grade) Fisher A509-212

Conc. 12,S0 4 (Trace metal grade) Fisher AS510-212

Couc. H1-C (Trace mnetaElgrde) Fisher A508-2 12

Stannous Chloride Fisher T 142-500

Sodiumn Chloride Fisher S271-3

I lydroxylarnine Sulfate Fisher H1331-500

Potassium Permnanganate Fisher 7068/UN 1490

Potassium Persulfate Fisher P282-500

Ultra Pure Zer-Grade AgnNexair UN1006

1000 nig/L Mercury Standard CPI 4400-1000331

1000 img/L Mercury Standard Environmental Expr ess 100033-1

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management Partners, Inc.
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Table 4

Office of Quality Assurance
Variable Auto-Pipettor Daily Calibration Log

Ref: USAGE Shell Document EM 200-1-3 1 Feb 01 Section 1.9.1.3
Balance:

Pipettor Serial No.: Lab: uL Reading Reading Reading Ave
Setting 1 ~ 2 3 Weight Within

Calibration Date and Initials ____ (gramns) (Uras (rm) (grams) 3%

Reading taken at ambient temperature with specific density of water at 0.9982 g/ml.
Acceptance Criteria for 100-ul setting: 0.0968 - 0.1028 grams
Acceptance Criteria for 1 000-uI setting: 0.9683 - 1.0281 gramns

I )lRecord Date and Initials
2) Set pipette lo I1000 pi, setting
3) '['are oat scale capable ol'± 0.000 1
4) Weight first a iqgrot
5) Record weight
6) Repeat steps 3-5 twice miore
7) Calculate the average
8) R~ecord average
9) Average muist ffill within the acceptance cr iteria listed above.

Note: For more in f'ornnt ion, refer to Calibration of MnrtE i mn SO P.

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management partners, Inc.
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Table 5

Working Standard Dilution Schedule

Instrument Calibration
Dilution I 1:100 of lOO0mg/L Hg stock standard
Dilution 2 1: 100 of Dilution I standard

Initial Calibration
Verification

Second Source 1: 100 of Second Source lOO0mg/L Fig Stock Standard

Spiking Solution 1: 1000 Dilution of lOO0img/L FIg Stock Standard

Standard is Preserved with a volumne of HNO3 to achieve 1% v/v. Record the SRN# in the SRN Log.

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management Par tiles, Inc.
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Table 6
Components of 5-point Curve

The following components are generated fromn various I g stock solutions at different volumes. Consult the Standard
Reagent Log for details. The curve set will he documented using one unique identifier for the total set with will include
the following components.

Components of the 5-point curve set include:

]CAL 1: 0.20OpgIL Hg Standard: 2niL- of 0.l10igIL I g Standard ±lmnL FINO 3 into 100 mnL deionized water
ICAL 2, l.00pag/L hlg Standard: IlmLt of 0.l10rg/L IHg Standard +lmLd IHNO 3 into 100 imL deionized water
ICAL 3, 2.O0pg/L I g Standard: 2mnL of.10.lng/L FIgI Standard +lmnL HIN0 3 into 100 nmL deionized water
ICAL 4, 5.O0pg/L lIgI Standard: 5n-L of 0.l0mg/L IlIg Standard +lmnL lI[NO, into 100 rnL deionized water
ICAL 5, 10.OpgIL IHg Standard: l0nmL of 0. l0rngL H~g Standard +lmnL IHNO 3 into 100 rnL deionized water

A new curve is generated daily or whenever new reagents are usd to prepare the curve. T[his new curve will be
documented in thie Standard Reagent Logbook.

A separate I CV is generated using an independent Source. Consult the Standard Reagent Log and this SOP lbr cletai Is on
Preparation.

The Standard Operating Procedure has heen prepared for the Sole use of Laboratory Management Partners, Inc
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Mercury in Solid Waste, Automated Cold-Vapor Technique

By SW-846 Method 747 1 A

Prepared by: ________________

Michael Kauffirran, Technical Director

Approval: __________ ____

Scott McKee, president
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1.0 Scope and Application
Method 7471 IA is a cold-vapor atomic absorption procedure for determining the concentration of mercury in
solid or semi-solid wastes.

2.0 Summary of Method
Samples are prepared according to the procedure described in this method.
The cold-vapor technique is based on the absorption of radiation at 253.7 nma by mercury vapor. The mercury is
-educed to the elemental state and separated from solution in a gas\liquid separator. The mercury vapor passes
through a cell positioned in the light path of a mercury lamnp. Absorbed radiation is measured as a function of
total mercury.

3.0 Interferences and Potential Problems
Certain metals like Copper have been known to interfere with the analysis of mercury.
Likewise, anions such as chloride must be eliminated with the use of potassium permanganate, since it absorbs
radiation of 253 inut

4.0 Equipment and Apparatus
4.1I Culture tubes that are 20mmn X 150rur

4.2 CETAC M-6000A Mercury Analyzer with long 22-cmn absorbance cells (reference and sample).
4.3 Water baih set at 90 - 950C

4.4 Nat-ion Dryer Kit

4.5 Digestion Tu'Lbes with screwv caps ([Environmental Express Cat. SC 499).

5.0 Reagents and Standards
All reaIgents aiid solutions are prepared, identified and documented following SOP QAS R P02 .DOC Standard
aind Reagent Preparation and Traceabdily'. All stock solutions shiall be valid for 6 mionths and intermediates or
working standai ds will be held 'or I mont1h unless otherwise specified by the method or superseded by USACE
Shell DOCumentl EM 200-1-3. S tore these Sol iiiions in appropriate containers. Follow the prepart ion, storage and
expiration protocols as described in thie aforementioned SOP onl Standard and Reagent Preparation and
Traceability.

5.1 ASTM Type II water

5.2 Concentrated Nitric Acid, I INO 3,- Trace Metal Glade
5.3 Concentrated II lydrochloric Acid, I IC[ - Trace Metal Grade
5.4 Stannou0LS Chloride. SnCI2: Dissolve 50 gramis SNCI, in 500 rmL Type 1I water and 37.0 rmL

concentrated I ICI.

5.5 Sodrium chlor ide-hydroxyl amine Still Ibte solution: Dissolve 1 20 gramts NaCI and 120 gramts
hychoxylartnine sullate in 1000 nmL Type 11 water

5.6 Potassiium Permanllganaute Solution, KMnO4 : Dissolve 50 gramts KMnO4 in 1000 rnL Type 11 water.
5.7 Aqua Regia: Prepare immnediately before tise by adding thice volumes of concentrated lIdC to one

vo]lumle of C~cocelntratd I 1N0 3.

5.8 U31 ra- Pure Zero-grade Argon Gas UN 1006

5.9 Mercury Stock So ILu ion, 1000 mng/L., [Environmental Express (Initial Calibration Source) Observe the
expiration dlate as indicated by the niauflbujllrer Ifrno infbimation is provided stock solutions wvill be
held for 6 months.

The Standard Operating Procedui-e has been piepared for the sole use of Laboratory Management Partners, Inc.
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5.10 ICAL Intermediate 1, 10 mg/L: Place 5.00 mL Mercury Stock Solution and 1 0.0 mL nitric acid into a

total volume of 500 mL of deionized water. This solution is valid for I month.

5.11 ICAL Intermediate 2, 1.0 mg/L: Place 10.0 mL of ICAL Intermediate I and 1.0 mnL of nitric acid into a

total volume of 100 mL dleionized water. This solution is valid for I month.

5.12 ICAL 1, .004 mg/L: Pipet I mdL of ICAL Intermediate 2 and 2 nmL of nitric acid into 250 ml deionized

water. Prepare this standard daily.

5 13 1CAL 2, 0.02 mgIL: Pipet 2 mL of ICAL Intermediate 2 and I mL of nitric acid into 100 mL deionized

water. Prepare this standard daily.

5.14 ICAL 3, 0.04 mg/L: Pipet 4 mL of 1CAL Intermediate 2 and I miL of nitric acid into 100 niL deionized

water. Prepare this standard daily.

5 15 ICAI 4, 0. 10 mg/L: Pipet 10intmof ICAL Intermediate 2I and I mL of nitric acid into 100 mL deionized

water. Prepare this standard daily.

5.16 ICAL 5, 0.20 mg/L: Pipet 20 mL of ICAL Intermediate 2 and I mL of nitric acid into I100 mL dleionized

water. Prepare this standard daily.

5.17 Initial Calibration Verification Stock Standard, 1000 mg/L, CPL. Independent Source. Observe the

expiration date as indicated by the manufacturer. If no information is provided stock solutions will be

held for 6 months.

5.18 ICV Intermediate I S, 10 mg/L: Pipet 5 mL of ICV Stock Solution and I10 mL of nitric acid into a final

volume of 500mL deionized water. Intermediate solutions are valid for one month.

5 19 ICV Intermediate 2S, I mng/L. Pipet I10 mL oflICV I S aiid I mL of nitric acid into a final volume of 100

mL dleionized water. Intermediate soluitons are valid for one month.

6.0 Sample Preservation and Containers

6 I The I olding Time for this analysis from the time of collection offthe sample is 28 days.

6.2 Samples should be collected in glass wide Mouth jars and samples and stored at 4oC,

7.0 Procedure- Sample Preparation and Analysis

7 I Weigh 0.6000 g ±1- 10% soil sub-sample into a digestion tube Record this weight on the extraction

logsheet.

7.2 Add I niLd of Type 1I water to samples and 0.1I mL of spiking solution to the Laboratory Control and

MS/MSD and swirl to mix. Then add 0.4 mL HNO3, and 1.00 mL H2S04 to all samples. Swirl to mix

7.3 Add I rnL saturated potassium permanganate solution.

7.4 Heat in a water bath at 90- 950 C for 30 minutes. The xvater bath is monitored by a working

thermometer which as has been calibrated against an NIST-Traceable thermometer. This calibration is

conducted minimally once a year. Autoclave for 20 rni. at l20oC then cool.

7.5 Add 1.4 niL sodium chioride-hydroxylarmie sulfate to reduce the excess permanganate, filter if

necessary. Then add 1 9 ml deionized water.

7.6 Samples and associated QC samples are now ready for analysis

7.7 For the dedicated instrument, follow manufacturers instructions for setting up and optimizing

instrument. See Daily Checklist

7.8 Calibrate instrument using a series of five standards and a calibration blank. The standards consist at

concentrations ofO0 2, 1.0, 2.0, 5.0 and 10.0 ug/L. The calibration curve is run daily.

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management Partners, Inc.
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7.9 Samples are then automatically introduced into the instrument by the peristatic pump, where they are
mixed with stannous chloride, reducing the mercury to a vapor.

7.10 The mercury vapor is then swept by argon gas delivering it to the absorbance cell, where radiation of
253.7 urn is absorbed. The resulting electrical analog signal is converted to digital (AID) which is then
processed by the software to yield a binary digital number, which is plotted against previously obtained
absorbance versus concentration values from known standards to give the amount of analyte present.

8.0 Quality Control
8.1 The instrument will automaidcally analyze all samples in quadruplicate. The resulting % RSD should

be< 10%.

8.2 The minimlum conrelation coefficient of 0.995 is required.

8.3 Ani Initial Calibration Blank is analyzed at the start of every analytical run. Result must be less than the
established detection limit of 0.02 rng/Kg.

8.4 An Initial Calibration Verification Check is analyzed at the start of every run. The concentration for
this check standard is 5.0 ug/L. The acceptance criteria is that it must be +/- 10 %.

8.5 A Reagent Blank is taken through the entire procedure every 20 samples or daily, wvhichever is more
frequent. Result must be less than the established detection limit of 0.02 mng/Kg.

8.6 A Laboratory Control Sample is taken through the entire procedure, every 20 samples or daily,
whichever is more freqUent. Thle percent recovei-y should fihll between 80-120%.

8.7 Matrix spike and spike duplicate samples are Ranalyzed every analytical batch (20 samples) or daily,
whichever is rmoie fiequent. The percent recovery should fall between 80-120% and the RPD must be
less than or equal io 20%Y,.

8.8 A Continuing Cal ibrat ion Verificat ion Standard, (CCV) and a Continuing Calibrat on Bli nk, CC 13,
analyzed every 10 samples and recorded onl the run log. Results must be +/- 20% for thie CCV and
below the detection li mit for CC B.

8.9 Ani Ending Calibrat on Blank is analyzed and thie resulIt shoulId be less than the established detect ion
limit.

8.101 An EBnding Calibraition Check is analyzed at the end offthe analytical sequence and the restilt should be
within +/- 20%Y,.

9.0 Calculations
All calcula1101tion re hand led by C ETAC instrument software and have been validated.
From the calibration curve generated, thie slope and y-inlercept is generated and recorded. These will be thle
variables used in the ca lculat ion of samnple concentration. The equation used is:

A
Where: X = Concentration of the sample, ug/L

Y = Aver age response of the inistirumentr for the sample
IA = y-intercept
A = slope of the curve

10.0 Data Validation
Data validation is performed per procedures detailed in the Quality Manual.
It). I Sequence Checkhliss are conipl eted flor each analytical sequence by the analyst Example forms are

provi dedi in Appendix [3. The canalyst must complete the check list and ensure that all method Quality
Assurance requirementus have been met

'I he Standaid Operatinig Procedure has been prepai-ed for the sole use of Laboratory Management Partners, Inc.
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Calibration (ICAL) - Calibration criteria must be met (Section SI1- 8.4) prior to analysis of samples.

No sample analysis may begin until calibration criteria have been validated and verified.

Continuing Calibration Verification (CCV) - CCVs are analyzed after every 10 samples and at the end
of the analytical sequence. Reported sample results for any analyte must be bracketed by CCV

standards that are within #1-20% of the expected value for that analyte. In addition, the RSD for the

duplicate injections must be less than or equal to 20% Re-analysis is required for those analytes

outside the CCV evaluation criteria.
Continuing Calibration Blank (CCB) - CCBs are analyzed after every 1 0 samples and at the end of the

analytical sequence. The CCB must be less than the MDL for each reported analyte. Re-analysis is
required for those reported analytes outside the CCH evaluation criteria

Reported results must be within the established calibration r ange. Analytes above this range must be

diluted and re-analyzed.

10.2 Once the sequence has been reviewed, the analyst will complete any applicable QC Forms needed to

summarize any Quality Control Samples analyzed.

Method Blank Summary
Laboratory Control Sample(s)
Matrix Spike/Matrix Spike Duplicate
Dilution Test Summary
Post Digestion Spike Summary (PDS)
Method of Standard Additions Summary (MSA)

10.3 The analyst is required to complete, review, sign and date the work sheets priorc to submission (Level I

review)

10.4 The Section Supervisor (or designate) will then review the work sheet to ensure completeness and

accuracy (Level II review). The Section Supervisor is ultimately responsible for the quality of the

Level 11 review.

The Metals Laboratory Supervisor is responsible for ensur ing that all work sheets, reagent logs,

standard logs and maintenance logs are completed and tip to date.

11.0 Waste Management
Refer to LiMP's SOP Waste Management Plan.

12.0 Health and Safety
Refer to LMP, Inc.'s SOP Chemical Hygiene and Laboratory Safety Plans.

13.0 Training & Training Validation
Consult the Employee Training SOP.

14.0 References
14 I "Carcinogens - Working with Carcinogens". Department of Ilealth, Education and Welfare, Public

Health Service, Center for Disease Contiol, National Institute for Occupational Safety and Health,

Publication No 77-206, August 1977

14.2 "OSHIA Safety and H-ealth Standards, General Industry", 29 CFR 1910.

1 4.3 " Proposed S I IA S afety and IllealIth S tandards, Labor atories", O cc upat ionalI S afety and Illea]lth
Administration, 51 FR 26660, July 24, 1986.

14.4 "Safety in Academic Chemistry Laboratories", American Chemical Society Publication, Committee on

Chemical Safety.

14.5 Solid Waste Manual, SW846 Update III, December 1996

14.6 Code of Federal Regulations 40 CER Part 136.

14.7 U.S. Army Corps of Engineers (USACE) Shell for Chemical Analytical Requirements. Appendix I 1.
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14.8 EPA, Chemical Analysis of Water and Waste, EPA 600\4-79-020.
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ICP Analysis of Metals

By SW-846 Method 601 lOB

Prepared by: ~Michael Kauffman, Technical Director

Approval: ________________

Scott McKee, President
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1.0 Scope and Application
Method 6010B, Inductively Coupled Plasma-Atomic Emission Spectroscopy (ICP) is used to determine the
concentrations of select metals in digestates of liquid and solid matrices. Refer to Table l B.

2.0 Summary of Method
2.1 Prior to analysis, samples are digested using the appropriate sample preparation techniques. The following

methods are applicable: 3005A, 3050B, 305 1.
2.2 This method describes the simultaneous multi-elemental determination of elements by ICP. The method

measures elemient-emitted light by optical spectrometry. Samples are nebulized and the resulting aerosol is
transported to the plasma torch. Elemient-specific atomnic-line emission spectra are produced by radio-
frequency inductively coupled plasma. The spectra are dispersed by a grating spectrometer, and the resulting
intensities of the lines are monitored by photomUltiplier tubes.

3.0 Interferences and Potential Problems
3.1 Spectral interferences are caused by: ( I) overlap of a spectral line from another element at the analytical or

background measurement wavelengths, (2) unresolved overlap of molecular band spectra, (3) stray light
Fromt the line emission of high concentration elements.

3.2 Elemnent-specific interference is expressed as analyte concentration equivalents (i.e. false analyte
concentrations) arising fromt 50- 1 000 mng/L of the interfering element. Table 4 lists the interelenient
correction factors. All interelenient corriection thctors must be updated at least once every 12 months and
whenever there is a significant insitrument modification.

3.3 Stray light fromt the line emission of high concentration elements are imdicated on the instrument pr int out
by either "S - Saturation - peak intensity overflow' or "ks - calculation error due to problem calculating HEC
from11 S'. These samples must be diluted to ensure that this stray light does not effect sample results.

3.4 physical interlfenrces are effects associated with the sample nebulization and transport processes. Changes
in viscosity and surtlice tension can cause significant inaccuracies, especially in samples containing high
dissolved solids or high acid concentrations. If physical interferences are present, they must be reduced by
dilIut ing the sample Another problem that can occur wvith high dissolved solIids is salt buiId-up at the tip of
thie nebuhl e, Wvhich effects aerosol flow trate and causes instrumient drift. The problem can be controlled by
diilutiing those samples known to be high in dissolved solids. Changing or cleaning the nebulIizer and
removing sa It bu ildu p at the itip offthe center tube (torch) can be used as ain additional measure to Control salt
buildup. A miass flow controller is also used to compensate fbor variations in flow land improve instrttment
perfbrmance.

4.0 Equipment and Apparatus
4,1 TIhernio Ja rrecI Ash Frnvi ro I - Trace Anialyzer with 27 Elements
4.2 Therimo Jarrel Ash AS-300 position autosanmpler
4.3 VoIlumetric glasswvare, Class A

5.0 Reagents and Standards
All reagents and solIttiions are prepar ed, identi fled and documented. Refer to Reag~ent and Standard Solutions
Validation SOP.

5.1 Deionized water - ASTM Type 11
5.2 Concentrated nitric acid (Trace Metal Grade), A509-2 12
5.3 Concerntated hydrochloric acid (Trace Metal Grade), A508-2 12
5.4 Stock calibration standards are purchased] from Accustandard and C Pl. Tfable I summarizes the current

solutions Used.
5.5 Mi~xedcalfibration stanidard soluttions (ICAL) - Prepare mixed calibration standards by combining

appropriate volumes of the stock solutions in volumetric flasks Refer to Table I for the calibration standard
diuit ion schedulle. All calibration standards are matrix matched with the appropriate acid and diluted with
deionized wvater. The mixed standards have been yerified by the niantifacturer to ensure that the elements are
stable and compatible. The mixed standards are transferred to preyiously unused polyethylene or

The Standard Operating Procedure has been prepared for thie sole use of Laboratory Management Partners, [inc.
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polypropylene bottles for storage. Calibration standards are prepared at a minimum of every six months and

monitored daily for signs of degradation.

5.6 Calibration Verification Standards (CCV) - Prepare mixed calibration standards by combining appropriate

volumes of stock standards from an independent source from the stock initial calibration standards. See

Table IA for the calibration verification standard dilution schedule. All CCVs are matrix matched with the

appropriate acid and diluted with deionized water. The mixed standards have been verified by the

manufactured to ensure that the elements are stable and compatible The mixed standards are transferred to

previously unused polyethylene or polypropylene bottles for storage

5.7 Low Level Check (TLLC - Prepare the mixed low-level calibration standard from an independent source

from stock initial calibration standards. See Table 2 for the standard dilution schedule. This solution will

have a 6-month expiration date.

5.8 InterferenceCheck Standard (ICS) - Prepare the mixed interference check standards from an independent

source from the stock initial calibration standards. See Table 2 for the standard dilution schedule.

6.0 Sample Preservation and Containers
6.1 As a rule, LMP, Inc. does not engage in sampling activities. However, each analytical method has specific

container and preservation (chemical and/or temperature) requirements. Refer to Chapter 2 of SW-846 for

guidance concerning containers, preservation and holding times.. Also refer to LMP's Sample Login

Procedures SOP and the appropriate digestion method SOP for holding times, preservatives and containers.

7.0 Procedure
7.1 Instriument / Method Set-up

7.1.1 The Linear Dynamic Range (LDR) is verified for each analyte on an annual basis. The concentration

is analyzed at the manufacturers recommended upper analytical range. The analyte concentration analyzed

must be within 10% of the expected concentration The linear dynamic range is used to determine the

appropriate concentration for the high calibration standard The concentration for the high calibration

standard must be below the established linear dynamic range. Refer to Table 3 for LDR summary.

7.1.2 The LinnearClbato ag (LCR) is defined as the high calibration standard in the initial

calibration procedure. Any sample concentration greater than the LCR MUST be diluted and reanalyzed.

See Table 3 for LCR summary.
7.1.3 Method detection limits (MDLs) are established by analyte for each method of digestion. The MIDLs

are performed annually.

7.1,4 All Interelemnent Spectral Correction Factors (IECs) are determined on an annual basis or whenever

there are significani instrument modifications Element-specific interference is expressed as analyte

concentration equivalents (i.e. false analyte concentrations) arising from 50-1000 mg/L of the interference

element. Table 4 lists the analytes and the IECs (resulting correction fhctor s).

7.1.5 Three exposures are performed for all standards, samples and quality control samples. The mean of

each set of exposures is used for quantitation or calibration. The exposure time is specified in the method

and must be verified by monitoring the time required for the sample or standard to reach the mixing

chamber and equilibrate in the torch. This is checked whenever pump wvinding, autosarrpler tubing, or the

nebulizer is changed or cleaned. RSD criteria for Initial Calibration and Continuing Calibration are

defined in Section I0. I.
7 2 Analytical Procedures

7 2 I Set up the instrument with the proper operating parameters The instrument must be allowed to

become thermnally stable before beginning with the profile and calibration procedures. This requires a

minimum of 30 minutes prior to continuing.

7.2 2 The RIP must be Profiled at the beginning of each analytical shitft. This procedure consists of

nebulizing a 5nmg/L arsenic standard and observing both the resulting intensity and spectral shift. This

information is printed each analytical shift. The spectrum shifter is adjusted if necessary, so that the

resulting analytical line is within +/- 0.1I units.

7.2.3 An Initial Calibration (CAL) must be perforned ait the beginning of each analytical shift, The initial

calibration consists of a high-level standard and a calibration blank The concentration of the high-level

standard is less than the upper limit of the linear dynamic range of the instrument and represents the tipper
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reporting limit for each analyte (Refer to Table 3 for Linear Calibration Range). Three exposures are
performed for all initial calibration standards, and the RSD of these multiple exposures is printed each
analytical shift and monitored to verify the introduction system's reproducibility. The maximum RSDs for
the high-level calibration standards is 5%. The dilution schedule for the initial calibration solutions are
detailed in Table I.

7.2.4 After the initial calibration is complete, anl Initial Calibration Blank (ICB) is analyzed. Each analyte
conccntration in the ICB must be less than the reported MDL. If this criteria is not met, corrective action
Must be taken. A check table is created in the TJA method software to assist in the evaluation of the ]CB
by setting acceptance criteria for each element of interest.

7.2.5 Before beginning sample analysis, the initial calibration standards Must be verified against the initial
Calibration Curve. This verification consists of reanalyzing the calibration standards as if they were
samples (read-baick). Concentration values obtained must not deviate from the actual values by more than
5%. If this criteria is not met, the instrument rust be recalibrated and the initial calibration standards
reanalyzed. A check table is created in the TJA method software to assist in the evaluation of the initial
calibration standards by setting low and high acceptance criteria for each element of interest.
After thle blank (ICB) standard has met read-back criteria the Initial Calibration Verification (ICy')
standards are analyzed. The ICVs are calibration standards from anl independent source. For all analytes of
interest, the ICVs represent a mid-level calibration standard, and muist be within 10% of the actual value.
A check table is created in thle TJA method software to assist in the evaluation of the initial calibration
verification Standards by setting low and high acceptance criteria for each element of interest. The dilution
schedule for the ICV solutions is detailed in Table I A.

7.2.6 For USCOE Sample: With thle two-point calibration (high-level standard and a calibration blank)
additional verification of a low-level standard mnust be per formed. The Low Level Check (LLC) is
Panalyzed to enso re aecClaCy of concentration at the method-reporting limit. The acceptance criteria for thle
L LC is 20%, of the actualr conceinfiat ion. If the 20%A criteria cannot be met, then the LLC many be re-
analyzed for those ana lytes that fbi led, If these ana lytes fbi I after the re-analysis, then the system is
considered out of control ande correctve action must be taken prior to recalibratioii. A check table is
Created in thle TiJA met hod software to assist in the evaluation of the LLC by setting low and Iiigh
acceptance criteria fWi each element of irteiest. The dilution schedule for the L LC is detai led inl 'Fable I B.

7.2.7 InI order to adequaitely teSt thle i ntei element correction factors established in the instrument / method
setupe, an Ime ierteence, Check Standard (ICS5) must be analyzed. Thie [CS consists of two check standards,
which mist be analyzed at the beginning and thie end of the analytical sequence. Thie IC S-A contains only
the interfcerens whIIc ile thle Intreence Check Standard A B (ICS-A B) contains both the uni nferents and all
other ann lytes of interest. Thie criterion for thle I]CS standard is listed below:

The I CSA 13Sol iiiion Conta ins all analytes of interest. The Concentration of these analytes must be
wvithi n 20%, of the expected valtie.

All analytcs that fail ICS-A evdaluaion mIust be reanalyzed tinder a new initial calibration/ICS-A
evaluation.
The diltition schedtile for the ICSA and ICSAB are detailed in Tfable I B.

7.2.8 Thle initial calibration curve most be yerilied throughout the course of the analytical sequence. This is
accomplished by the analysis of both CotuieClbaonVrfcinSadrs(CVs) and
Con1tinuling Calibration Blanks (CCL~s) The CCVs and CCBs are analyzed after every I10 samples or
qual ity control samples awl at thle end of the aimalytical sequence. The results of the CCV must agree
within WY%, of the expected value and the RSD for thie three replicate exposures mnusit be <504. If not,
terminate thle analysis for those anlaytues outside acceptance criteria, correct thle problem and reanalyze the
previous tenl samlples. The results of the CCB must be less than thle MDL for each analyte of interest. All
reported sameinnI eso Its must be bracketed by accepetable CCBs and CC Vs.

7.3 Digestion Procedures
7.3.1 Digestion procedures aire detailed in thle applicable preparation procedures.
7.3.2 At a minnimum, each digestion batch will conta in the folIlowing QC samples: (Refer to Section 8.0 filr

evailuationl/acctnanice criteria.)
a. Method Blank
b. Laboratory Control Samiple(s)
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C. Matrix Spike/Matrix Spike Duplicate

d. Post Digestion Spike

8.0 Quality Control/Quality Assurance/Corrective Action
8.1 A Method/Reagent Blank (MB) is taken through the entire procedure each analytical batch or daily,

whichever is more frequent. The MB must be processed at the same time and in the same manner as the

samples, in order to assess potential contamination from the laboratory reagents, equipment, or environment.

The concentration of all target analytes shall be below one-half of the reporting limit (MRL) for each target

analyte, or less than 5 percent of the regulatory limit associated with that analyte, or less than 5 percent of

the sample result for the same analyte, whichever is greater for the MB to be acceptable.

Note: Matrix specific method detection limits are listed and determined according to specific digestion

procedures.
8.2 Laboratory control samples (LCS) are taken through the entire procedure each analytical batch or daily,

whichever is more frequent. The LCS is spiked with the all Target Analytes and must be processed with

each batch of samples in order to verify that the analytical and preparatory procedures are in control in an

interference-freenmatrix. The default control limits for the LCSare 80-120% for aqueous or solid matrix. If

recoveries for the LCS are out of control, corrective action must be taken. The source of the problem must

be investigated and the effect on the samples must be evaluated. For example, if an analyte in the LCS has a

recovery above the upper acceptance limit, but the same analyte is not detected in any of the environmental

samples in the batch or is detected at less than 5% of the action level, additional corrective measures may

not be necessary. For all other situations, reanalyze the LCS extract to verify the out-of-control condition.

If the LCS remains out of control, evaluate the batch using the following.

8 2.1 LMP, Inc has adopted the following policy regarding LCS evaluation:

a. LCS recovery is high for an analyte not identified in any samples associated with the LCS. Thle

data will be considered valid as the high recovery indicates that detection limits were not affected.

The analyte(s) recovery should be monitored daily for a trend that might indicate the need for

corrective action No re-extraction/re-anialysis required.

b. LCS recovery is high for an analyte identified in samples associated with thle LCS. The LCS and

sample(s) should be re-digested/re-anialyzed for the failing analyte only. If the LCS and sample(s)

cannot be re-digested (e.g., holding time expired, no additional sample available ... ) then the final

result must be flagged as "J - Estimated Value" and a Case Narrative provided detailing the exact

recovery of the LCS.

c. LCS recovery is low for an analyte not identified in samples associated with the LCS. The LCS

and sample(s) should be re-digested/re-analyzed for the failing analyte only. If the LCS and

sample(s) cannot be re-digested (e.g., holding time expired, no additional sample available thenr

the final result must be flagged as 'LJ - Estimated Value" and a Case Narrative provided detailing

the exact recovery of the LCS

d. LCS recovery is low for an analyte identified in samples associated with the LCS. The LCS and

sample(s) should he re-digested/re-analyzed for ithe failing analyte only. If the LCS and sample(s)

cannot be re-digested (e.g., holding time expired, no additional sample available ... ) then the final

result must be flagged as 'J - Estimated Value'. A Case Narrative must be provided detailing the

exact recovery of the LCS and that the reported value for the flagged analyte represents a

minimum value.

8 3 Laboratory Control Sample Duplicates - LCSD
8.3.1 LCSDs are digested under the following circumstances:

8.3.1.1 Not enough sample available to perfor-mboth MS/MSD

8.3.1.2 Only samiple available for MS/MSD is aField Blank or Equipment Rinisate. No MS/MSD isto be

extracted onl these type samples.

8 3.1 .3 Required by the project Sampling and Analytical Plan

8.3.2 RPD limits for LCS/LCSD should not exceed 20%

8 3.3 If duplicate precision for the LCS is not in control, corrective action must be taken. However, if RPDs

are outside of control limits, the batch need not be rejected (as long as the recoveries are acceptable).
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8.4 Matrix Spike and Matrix Spike Duplicate (MS/MSD) are taken through the entire procedure each analytical
batch or daily, whichever is more frequent. The MS/MSD is spiked with all Target Analytes and is
processed with each batch of samples to assess the performance of the preparatory / analytical methods in a
particular matrix. The default control limits for the MS/MSD are 75-125%.

8.5 Every batch of samples must contain at least one Post-Digestion Spike (PDS) in order to evaluate the
performance of the analytical method in a particular matrix for USCOE samples only. By spiking the
dligestate with a known amount of standard, the PDS allows anl assessment of the analytical method without
influence of the preparatory procedure. If at all possible the sample chosen for the MS/MSD should be also
undergo the PDS. Target analytes spiked in the PDS should be the same concentration as the MS. This
assists in evaluating maturix interference that could occur (luring either thle digestion or analytical procedure.
The defaiult control limits for the PDS is 75-125%.

8.6 Evaluation of Matrix Interference: The MS and PDS must have a spike concentration at least twice as great
as the unspiked sample concentration for the following evaluation lo be considered valid. Corrective action
must be taken in thle following scenarios:

8.6,1 The MS/MSD recoveries fail but the PD5 recovery passes. This condition would not require re-
digestion/re-analysis as the MS/MSD act as verification of the low recoveries due to matrix interference.

8.6.2 Tfhe MS/MSD recoveries pass and thle PDS recovery fails. This condition would require re-analysis of
thle PDS to confirm or disprove laboratory error during PDS spiking. The MS recovery pass, MSD
recoveiy fails and the PDS passes. Evaluate %oRPD. If RPI) is within limits then the passing MS validates
the MSD and the PDS is eqUivalent to a single point MSA. If the RP'D is out, then a problem may have
occurred with thie MSD during digestion. Re-digest/re-analyze the MSD for verification.

8.6.3 If the MS/MSL) recoveries do not meet mlinimumn recovery limits but the PDS passes, redigestion and
reanalysis is not reqoired if the mnetal has h istoi icaIlly exhibited low MS recoveries. Antimony in soil is anl
example of chronic low recoveries exhibited in the MS.

8.6.4 MS/MSD recoveries fail, PIDS TIfls Analyze by MSA.
8.6.5 If the MS r-ccoveiS esar due to a high level of T'arget Analyte(s) present in the sample relative to the

spike amount, then corrective act ion may not be necessary/. II igh levels of Target Anialyte(s) may indicate
the need for a Dilutoion Test,

8.6.6 RPD) Ii anits for, the M S/M SD should not exceed 20%.,
8.6.7 Iftdiplicute precision for, the MS/MSD is not in control, corrective action must be taken. H owever, if'

R P s are outs ide of control i mi s, the batch need not be rejected (as long as the recover Ies are
acceptable). If [the lRl'l cr iteria is not met, reanalyze the MSD and calculate the %RISD for the set of three
analyses (MS/MSD0 and] reanalysis ofM SO). If thle %RSD for the set of three Canalyses is greater than 15%,
matrix interference is confirmed.

8.7 When both the MS and PDS indicate matrix interference, the Mehd fStnad ditos MA is
iequ ired] before quaIil~ifyng the resulIts as effected by matrix interference.

8.8 A Sci ialI Di lution o ~ In Dition lrest I0TT is performed for an analyte to eval rate matrix interference if the
anatlyte concentration is the original undiluted sample is at least 25 times the detection limit. The 0I' is a 1:5
(]Ii lution, where the results of thet undiluted and dilIuted sample should have a R PD of <10%X. If the RPD is
>10%X, matrix effects are suLIspected and MS A is to be performied.

9.0 Calculations
All calculations are handled by TIJA Thermnospec softwvare and have been validated. The purpose of the emission
spectometicer is to measure the concentration of elements of interest in a sample. The first step in this process is
thie mleasuring of emission intensity produced when aI sample containing these elements arle aspirated into the
pleasma. Thie em iss ions intensities inust then be converted into reports of concentration. fin order to do this, the
relationship between emission intensity and concentrati on must be first determinined using standard materials
whose concentrations arc accurately known. This is termied standardization. II lence, standard materials are used to
deteim ine the coefficients of the equations, which related the em iss ion intensity to concentration.

Because of the spectral characteristics of the plasma, relating intensity ratio to concentration is often very
simple. P'lasmna emission spectroscopy is capable of producing calibration Cur ves, which are linear over several
miagnitudes. Since optical emission spectr oscopy is a comparative technique, standards are used to establish the
relationish ip between concentration and intensity rations. As indicated, standardization is a procedure for
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calculating this relationship. This laboratory uses the two-point standardization option employing, a blank and a

high standard for each element of interest. Generally, the equation below illustrates how the intensity ratios

obtained for these standards relate to the concentration of the standards:

C -M (IR) + B

Where: C concentration
JR - intensity Ratio obtained for each standard

M -slope of the line, which relates the concentration of the standards with the intensity ratios

B = intercept of the line which relates the concentration of the standards with the intensity ratios

The use of a two-point standardization allows for a linear fit. The standardization procedure is used for

updating intensity ratio now to the intensity at the time the instrument was first calibrated. The output of the

Standardization Algorithm is Standardized Intensity Ratio, SIR. The relation is

SIR = M* JR ± 13

Where: SIR - standardized intensity ratio

M = slope of the lines which relates the current intensity ratios to the originally measured intensity

ratios
JR = intensity ratio measured now
B - intercept of the lines, which relates the current intensity ratios to the originally measured

intensity ratios
During the two-standardization process, JR, the Intensity Ratio measured NOW and SIR, the Intensity

Ratio measured INITIALLY, are obtained for both the blank and each high standard. These are used to construct

twvo simultaneous equations, which solve for M and B. A Standardization Report is generated which indicate M

(slope) and B (y-intercept) for each evaluated element. Also included in this report are the wavelength in

nanomneters, indication of which initial calibration standard is used for each element and the date and time of the

standardization. The instrument will plot signal versus concentration. Note that signal represents an intensity

ratios. Once these coefficients are evaluated, the equations can be used to convert [Rs for unknown samples, QC

check standards or blanks to SIRs. From this process, a calibration table is constructed and comparisons are made

between the unknowns, QC samples and blanks to the constructed linear plots

Because the data from this instrument is collected in concentration mode, mg/L, the instrument is

standardized first as described above then defaults to the option:

Slope = Conc (SIR) / [R

In the Standardization Report, only Standard Deviation and RSD are calculated from three repetitive

readings. Refer to EPA SWY846 Method 8000B for calculation description

Likewise, in the Standardization Report, an average response is calculated from the three repetitive

readings using the equation, mean RF as indicated above. To be valid, the %RSD calculated must be less than 5%.

As noted, a blank and high standard are used in the standardization and calculation of unknowns, blank

and QC samples. For this purpose, a high standard is utilized from 4 Initial Calibration Standards who collectively

contain all the elements of interest.
From the several steps indicated above, three readings are taken from each sample for each elements of

interest and an average calculated in the concentration mode, mg/L.

10.0 Data Validation
Data validation is performed per Data Reduction and Review SOP.
10.1 Sequence Checklists are completed for each analytical sequence by the analyst. An example forms aie

provided in Appendix B. The analyst must complete the check list and ensure that all method Quality

Assurance requirements have been met
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El Initial Calibration (ICAL) - ]CAL criteria must be met prior to analysis of samples. No sample analysis
may begin until ICAL criteria have been validated and verified. This includes the analysis of the ICB,
Read-Back, ICy, LLC and ICS verifications.

o Continuing Calibration Verification (CCV) - CCVs are analyzed after every 10 samples and at the end
of the analytical sequence. Reported sample results for any analyte must be bracketed by CCV
standards that are within +1-10% of the expected value for that analyte. In addition, the RSD for the
three- (3) replicate exposures must be 5% or less. Re-analysis is required for those reported analytes
outside thle CCV evaluation criteria.

Ol Continuine Calibration Blank (CCB) - CCBs are analyzed after every 10 samples and at the end of the
analytical sequence. The CCB must be less than the MDL for each reported analyte. Re-analysis is
required for those reported analytes outside the CCB3 evaluation criteria.

o Reported reSultIs Must be within thie established calibration range. Analytes above this range must be
diluted and re-analyzed.

10.2 Once the sequncI)e has been reviewed, thle analyst will complete any applicable QC Forms needed to
summarize ainy Quality Control Samples analyzed.
OI Method Blank Summary
o Laboratoiy Control Sample(s)
oi Matrix Spike/Matrix Spike Duplicate
EJ Dilutitin Test Summary
O Post Digestion Spike Summllaly (PDS)
O Method o I.Standard Additions Sum mary (M SA)

£0.3 The atnalyst is requti ed to complete, review, sign and date thle wvork sheets prior to submission (Level I
review).

10.4 Thie Section Supercvisor (or- designate) willI then review the work shecet to ensure completeness and accuracy
(Level If review). ']lhe Section SuIpervisor is ultimatkely responsible for the quality of the Level 1I review.

1 0.5 The Metals Laboratory SuIpervisor is responsible for- ensuring thlat all work sheets, reagent logs, standard
logs and maintenance logs arie completed and uIP to date.

11.0 Training and Training Validation
Emlyetraining onl documiented procedures may be found in thie Enmployee Train in c SOP. Demonstration of theemployee's training in the spec i ic procedures involved in this mnethod may be found in the Traiti ing Documents

Log Thllis IIOCI ImCn]Iiltio I inceludesal i In -hous andCi o COLt Sid (I atnring r eceived and include I temns suLch as pr oficiency
testing and informlation oil perfornmance testing results. A Demonstration of Capability is onl file for eachanls
per formin g the test.

1 2.0 Data Validation
Refer to thie DaSta Reduction a ad Review SOP

13.0 Health and Safety
Refer to the Chemical I lveiene P]lan and Laboratory Safecty Plan SOPS.

14.0 Waste Disposal and Pollution Management
Refer to the Waste Management Plani SOP~ for waste disposal procedures.

1 5.0 References
Z0 LM P's Definitionis, Acronyms, Symbols and Abbreviations Policy
O' Solid Waste Manual, SW846 Update III. December 1996 and Method 6010B Rev. 2 Dec. 1996.
Ci U.S. Army Corps oft Engineers (USACE) Shell for Chemical Analytical IEM 200-1-3 I Feb 0l.
o EPA, Methods for Chemical Analysis ofWatei and Wastes, EPA -600/4-79-020, March 1983.
o NIBLAC, Quality Systems, Revision 15, May 25, 2001.
C) NE LAC, P1tugmiat Policy and S truCtui e. Revision I 3, June 29, 2000
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Li 40 CFR Part 136 Appendix A.

oi EPA Guidance for Preparing Standard Operating Procedures (SOPs), EPA QA/G-6, EPA/240/B-0l1/004,
March 2001

El USEPA 2185 - Good Automated Laboratory Practices

ol USEPA 600/4-79-020, Methods for Chemical Analysis of Water and Wastes, March 1983.

Li OSH-A Laboratory Standard, 29 CFR 1910.1450.

Li OSH-A Compliance Guide, Kirk H. Ray, 8"' Edition.

o "Proposed OSH-A Safety and Health Standards, Laboratories ", Occupational Safety and Health
Administration, 5I FR 26660, July 24, 1986.

O1 Laboratory Safety in Practice. A Comprehensive Compliance Program and Safety Manual.

ol -Sa/eiIy in Academic Chemistry Laboratories ", American Chemical Society Publication, Committee on
Chemical Safety.

Li "Carcinogens - Working with Carcinogens ", Department of Health, Education and Welfare, Public Health
Service, Center for Disease Control, National Institute for Occupational Safety and H-ealth, Publication No.
77-206, August 1977.
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Tables

Table I - Standards

Table IA - ICV, CCV Spiking Solutions

Trable I B - ICP Standard Summary

Table 2 - Low Level Verification / Interference Check Standards Dilution Schedule

Table 3 - Linear Dynamic Range I Linear Calibration Range Summary

'Fable 4 - Interelement Correction Factors
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Table 1
Standards

Component Catalog#t Cone. (mg/]L) Diluti~on Fihnal ~Cone.

Aluminum IC~P-09N-5-10-X :150-,00 00 100

Ifron IC-P-27N-5-10OX 10,000 1:100 100

Magnesium I-C-P--32N-5-l Ox 1 0,000 I1100 100

C72
Silver ICP-53N-l lOC 1100
A~rsenic ICCP-03N-l 1000 1:00A_________
Banrium ICP-04N-1 1000 I1100 1
BerllumIC~P-05N-1 00110

Cadmium ICP-O8N-l 1000 I 1000
Cobalt ICP-14N-1 1000 10010

Chromium 1CP-13N-1 1000 -1:10(1- wo0

Co er ~~~~ICP-15N-1 1000 I :1I0Ol0
ManganseOIP-3N-l 000 10010

Nickel ICP-37N-1 1000 -1100 10

Lead ICP-297N-1 1000 l-FI0(00 I

Selniu IC-51-l 000- 1:1000T ~
-Thallium IC-6Nl Q0 :10 1

Va~nadium ICP-67N-1 1000 1-100 1

Zinc ICP-70N-l 001101

Boron KC P -0 7W bO 1010
Antimony ICP-02N-1 1000 I1:000

Ti n I-C P -6 3 Nl -1000 I:100 JO

Strontium I 1CP-5 5Nl 100 O:100I 1O O

Titanium ICP-64W-1 1000 ~~~~~~-1:00 10

Molybdenum ICP-35N-1 1000 1:1~~~~~H00 10

Potassium ICP-43N-1 1000 1:1~~~I I E 00 1
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Table IA
ICV, CCV Spiking Solutions

______________ Spiking Solution I
Catalog# D~ilution Component Cone. (img/L)
440-132894 1:100 Silver 50

Arsenic 50
Boron 500
Baruiu 500

___ ___ ___ ___ __ ___ ___ ___ ___ Beryllium 50
Cadmiumi 50
Cobalt 500
Chromium 500
Copper 500
Potassium 500
Manganese 500

_____________ Molybdenum 500
Sodiumi 500

_______ ______ Nickel 500
Lead 50
Antimony 50
Selenliumi 50

Tin ~~~~~~~500
St]ronfliun 50
Tita1i Lill 500

____ ____ ____ ____ 1_ T 11li M , 50
Vajiadhtim, 500

_____ _____ ____ ____ _____ ____ Z inc 500

S~piking Solution 2
Catalog'# D~ilution Component Cone. (mng/Ij)
440-132894 1:100 Alum1in)U1m 5000

Calcium11 5000
Iron 5000
Magnesium 5000
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Table lB

ICP Standard Summary - ICSA/AB and LLC

Anal te Catal-' ~ ~ AccuVendordSokCnetrtoM

Ae ICP-53N-1 AccuStandard 1000
CAl ICP-OIN-5-IOX AccuStandard 10000

As ICP-03N-1 AccuStandard 1000

Co ICP-07W- AccuStandard 1000

Cr ICP-04N-1 AccuStandard 1000

Cu ICP-05N-1 AccuStandard 1000

Ce ICPI-09N-5-IOX AccuStandard 10000

Kd ICP-08N-1 AccuStandard 1000

Mgo ICP-14N-5-O AccuStandard 10000

Mn ICP-13N-1 AccuStandard 1000

Mo ICP-15N-l AccuStandard 1000

Na ICPI-27N-5-lOX AccuStandard 10000

Ni ~~~ICP-43N-1 AccuStandard 1000

Pb I~~~CP-32N-510 AccuStandard 1 0000

Sb ICP-33N-1 AccuStandard 1000

ScIo ICP-35N-1 AccuStandard I1000 -
SN ICP-63N-I0 ~ AccuStandard 10000

Sri ICP-37N-1 AccuStandard 1000

Pi ICP-29N-1 AccuStandard 1000

TI ICP-602N-1 AccuStandard 1000

Se ICP-51N-1 AccuStandard 1000

Zn ICP-63N-1 AccuStandard 1000

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management Partners, Inc.
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Table 2
Low Level Verification / Interference Check Standards

Dilution Schedule

Analyte Low Level Verification Interference Check Standard
_______________ ug/L mig/L

Aluminum 100 250(ICSA/ISCAB)
Antimony 8 .200 ([SCAB)
Arsenic 6 .200 (ICSAB)
Barium 20 .500 (ICSAB)
Be Illium 0.5 .200 (ICSAB)
Boron 50 .500 (ICSAB)
Cadmnium11 I .200 (ICSAB)
Calcium1 100 20(CAISB
Chromium 5 .200 (ICSAB)
Cobalt I10 .200 (ICSAB)
Copper 5 .200 ([SCAB)
Iron I0 100 (ICSA/ICSAB)
Leai d 4 .200 (ICSAB)
Ma 'nesiun I100 250 (ICSA/CAMB)
Manganese 10 .200 (ICSAB)
Molybdenum 5 .200 (ICSAB)
Nickel I10 .200 (ICSAB)
Potassium 100 5 (ICSAB)
S;-Ie I-lenIm 6 .200 (ICSAB)
Silver 5 .200 (ICSAB)
Sodium 200 5 ICSAB)
S-tr-ontium 10 .200 (ICSAB)
-Th~alliumi 10 .200 (ICSAB)
Tin 50 .500 (ICSAB)
Titanli.um 10 .500 (ICSAB)
Vanadium 20 .0 ISB
Zinc 10 .200 (ICSAB)

Concentrations mnade 1romn Standards in Table I B.

The Staindard Oper ating Pr ocedurie has been prepared for the sole Use of Laboratory Management Partners, I nc.
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Table 3
Linear Dynamic Range / Linear Calibration Range Summary

Analyte Linear Dynamic Range mgIL Linear Calibration Range

Alu minu m ~~~~~500 __ _ _ __ _ _ __ _ _ __ _ _

Antimony 50 I__ _ _ _ _ _ _ _ _ _ _ _ _ _

Arsenic 50I

Barium 25 1

-Berylliumn 25 1

Boron 501
Cadmium 10 I

Calcium 500 100

Chromium 50 10

Cobalt 25 10

Copper ~~~~~~50 10

Iron 500 100

Lead 25 1__ _ _ _ _ _ _ _ _ _ _ _ _ _

Magnesium 500 100

Manganese 50 10

Molybdenum 50 1 ~

Nickel 25 10

Potassium 25 10

Selenium 50
Silver 25
-Sodiumn 500 10

Strontium 10 I__ _ _ _ _ __ _ _ _ _ _ _

Thallium 50 __ _ _ _ _ _ _ _ _ _ _ _ _ _

Tin 50 1

Titanium 10
Vanadium ~~~~~100 10

-Zinc 100 10

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management Partners. Inc.
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Table 4
Interelement Correction Factors

Aluminum Fe: -0.000087 Mg: 0.000027 Ti: 0.002011
V: -0.0 18878 Go: -0.0 1 6762 Mo: 0.023716

Antimony Cr: 0.0 10375 Fe: 0.000024 Mo: 0.003846
Ni: -0.004046 Ti: 0.00 1 628 V: -0.004046
Go: -0.00 1805 Sn: 0.00 1446 Pb: -0.000 104
Al: -0.000051 As: 0.000478

Arsenic Al: 0.005416 V: 0.005 133 Go: 0.000695
Cr: 0.00 1255 Cr: 0.001255 Ni: 0.000605
Mg: -0.000047 Mn: -0.000843 Mo: 0.000763
Fe: 0.000605

B ariumiII Al: 0.000009 Ni: 0.00011I V: 0.00006
Ti: 0.000051

Beryllium V: 0.000931 Ti: 0.0000 1 5 Cu: 0.000002
Mo: -0.000049 Ni: 0.000005

Boron Fe: 0.000229 Mo: 0.039859 Ti: 0.006903
Go: 0.002322 Sn: 0.004499 Al: -0.000002

Cadmium11 Fe: 0.000203 Ti: 0.000 184 Cr: -0.000108
Mo: 0.000072 Al: 0.000008 Mg: -0.000003
Go: 0.000039

CaIC i Um1 Cr: 0.000611 Mo: 0.000556 V: 0.000581
Ag: 0.000089 Mn: 0.000201 Al: 0.00005
Ti: 0.000089

Chromium Fe: -0.000078 V: 0.00 1402 Mo: -0.003478
Al: 0.000075 Cd: 0.000336 Ti: 0.000097
Co: -0.0001I1I1 Mg: -0.000013

Cobalt Cd: 0.000611 Ti: 0.00 l 463 Ni: 0.000301
Ba: 0.000459

Copper Ti: 0.00078 Go: 0.000293 Fe: 0.000071
Mo: 0.000579 V: 0.00004 Al: -0.000006
Cr: 0.000058

Iron TI: -0.0000 12 Be: -0.000 106 Mn: -0.004944
V: 0.000275 Al: 0.0001 38 Mo: 0.000399\

Lead Go: -0.006642 Al: 0.000721 Fe: 0.0001 13
Mo: -0.000492 Sb: -0.000745 Ti: 0.000686
V: -0.000709 Mg: 0.000077

The Standard Oper~ating Procedure has been) pi epared for the Sole LISe of Laboratoiy Management Partners, Inc.
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Table 4 (continued)
Interellement Correction Factors

Magnesium Ca: 0.000074 Fe: -0.000047 TI: 0.000 109
Mn: -0.005083 Mo: -0.023 1 01 Ti: -0.003818
Be: -0.00039 1 Co: -0.000825 Cr: -0.000455

Manganese Cu: -0.000324 Fe: -0.000 1 79 Mo: -0.000 1 93
Al: 0.000007 V: -0.000069 Ti: 0.000019

Molybdenum V: 0.000039 Ni: -0.00010O1 Fe: -0.000051
Al: -0.000001

Nickel Mo: -0.0022 15 Co: 0.000255 TI: 0.000843
V: -0.000336 Mn: -0.000021 Sb: 0.000308

Potassium Fe: -0.000528
Selenium Ca: -0.000311 Fe: -0.000326 Mg: -0.000106

Co: 0.001476 Cd: -0.00 1976 Mn: -0.000522
Sn: -0.000517

Silver Fe: -0.000329 Ti: -0.00038 1 V: -0.0002 19
Mg: -0.0000 13 Ca: -0.000014 Mn: 0.000146

Sodium Ti: 0.005408 Fe: -0.0000 1 3 Al: 0.000389
Mo: 0.028573 Sn: 0.003359 Ca: 0.000084
Cu: 0.000321 K: 0.000031 Mn: 0.000625
V: 0.000463 Zn: 0.000 121

Strontium Ca: 0.000021 Sn: 0.000004 Al: 0.000007
Thallium Fe: 0.001918 Sn: -0.003967 V: 0.004244

Ca: -0.000043 Co: 0.006637 Mn: 0.000876
Mo: 0.000 104 Ti: -0.409117 Na: -0.000101
Cr: 0.000712 Pb: -0.000021

Tin Cr: 0.540233 Fe: -0.024306 Mo: 0.005683
Ti: 0.009185 V: -0.073191 Mg: -0.000419
Sr: -0.000152 Al: 0.000387 Mn: 0.001245

Titanium Ca: -0.000296 Sb: 0.0000 15 Be: 0.0000 19
V: 0.000031 Cr: 0.000341 Cu: 0.000062
Mo: 0.000184 Al: 0.000002 Co: 0.000021
Ni: -0.000019

Vanadium Cr: -0.003 102 Cu: -0.000048 Mo: -0.002971
Ti: 0.00021 Mn: -0.000 149

Zinc Ba: 0.000005 Cu: 0.002437 Mn: 0.000 12 1

Fe: 0.000095 Ni: 0.003386 V: -0.008507
Mg: -0.000004 Al: 0.000007 Ca: -0.000001

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management Partners, hic
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1. Identification of Test Method
Acid Digestion of Aqueous Samples for Metals Analysis. The laboratory records and reports refer to
this analysis as 3005A. This SOP based on metal preparation procedures of EPA SW-846 Method
3005A, Acid Digestion of surface water, ground water, and certain extracts.

2. Applicable Matrix or Matrices
This method is applicable to aqueous samples. Nitric acid digestates of surface water, ground water,
and certain extracts are prepared using this method. Analytes other than those listed in the scope
and application section may be analyzed by this method if performance is demonstrated for the
analytes of interest, in the matrices of interest, at the concentration levels of interest.

3. Detection Limits
The laboratory follows the procedure found in 40CFR Part 136B to determine the MDL for each
matrix type on an annual basis. Additionally, the laboratory determines the MVDL whenever there is a
significant change in equipment or substantive revision of the technical protocols for preparation and
analysis of samples by this test method. The relative significance and substantiveness of any
changes to equipment or protocols that may require redetermination of the MDLs shall be decided,
and documented in QA files, by the QA Officer in conjunction with technical assistance from the
laboratory Technical Director. All processing steps of the analytical method, including any routine
preparation steps, are included in the determination of the MVDL. The MDLs measured by the
laboratory are on file for review in each determinative analytical procedure. All supporting
documentation used in the determination of the laboratory MDLs is maintained in the laboratory CA
files. These may include but are not limited to, laboratory prep batch worksheets, instrument
printouts or Quantitation reports and MDL calculation spreadsheets.

The laboratory determined MDL must always be less than or equal to the reference method MIDL.
For those cases in which a regulatory compliance limit is in effect, the laboratory MDL must be less
than one-third of the compliance limit.

MVDL Check Samples are analyzed on a quarterly basis to verify the reported MDL when state or

regulatory agencies require such.

4. Scope and Application
This method is applicable to the preparation of aqueous matrices for measurement of metals
at various reporting levels depending upon the instrumentation used for analysis. This SOP is
written for metals analysis using Inductively Coupled Plasma-Atomic Emission Spectrometry
(ICP-AES) and Inductively Coupled Plasma-Mass Spectrometry (ICP-MS)

Parampeter List by Method and Matrix

The Standard Operating Procedure has been prepared for the sole use of LM P meimber Laboratories
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Parameter CAS
Aluminum (Al) 7429-90-5
Antimony (Sb) 7440-36-0
Arsenic (As) 7440-38-2
Barium (Ba) 7440-39-3

Beryllium (Be) 7440-41-7
Boron (B) 7440-42-8

Cadmium (Cd) 7440-43-9
Calcium (Ca) 7440-70-2

Chromium (Cr) 7440-47-3
Cobalt (CO) 7440-48-4

Copper (Cu) 7440-50-8
Iron (Fe) 7439-89-6

Lead (Pb) 7439-92-1
Lithium( (i) 7439-93-2

Magnesium (Mg) 7439-95-4
MaE aes M 7439-96-5
Molybdenum (Mo) 7439-98-7

Nickel (Ni) 7440-02-0
Phosphorus (P) 7723-14-0
Potassium (K 7440-09-7
Selenium (Se) 7782-49-2
Silica (SiC 2) 7631-86-9
Silver (Ag 7440-22-4

Sodium (Na) 7440-23-5
Strontium (Sr) 7440-24-6
Thallium (TI) 7440-28-0
Titanium (Ti) 7440-32-6

Vanadium MV 7440-62-2
Zinc (Zn) 7440-66-6
Sulfur (5) 67 05--05--57

The parameter list is extended to add metals commonly requested by clients for aqueous samples
such as surface water, groundwater, and certain extracts.

5 Summary of Test Method
Various sample processing techniques must be considered and addressed appropriately for the
parameters of interest including; total recoverable parameters using hot acid digestion techniques,
and control of interferences. Sample processing includes the acid digestion of an accurately
measured sample aliquot of a well mixed, homogeneous aqueous sample. The acid concentration
and acids selected in the sample preparation step must be the same as the standards used for
instrumentation calibration.

TIhe Sianaidl Operafing ProcedUreC has been pi epar-ed f'or the sole use of ILMI nimember Laboratories
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For the digestion of samples, a representative 50 mL sample is digested with nitric acid and
hydrochloric acid. The resultant digestate is diluted to a final volume of 50 mL and either filtered or
allowed to settle prior to the analytical procedure.

When analyzing for total dissolved metals, filter the sample at the time of collection, prior to

acidification with nitric acid. If samples are not field filtered, the process is completed at the
laboratory, prior to digestion. The date and time of sample filtering should be noted, along with the
final results.

6. Definitions
The laboratory Quality Manual contains the definitions of standard terms used in this SOP.
Additional terms are defined below.

Dissolved Metals-The sample is filtered through a 0.45 um filter at the time of collection and the

liquid phase is then acidified at the time of collection with nitric acid. Samples for dissolved metals do
not need to be digested as long as the acid concentrations have been adjusted to the same

concentration as in the standards. If the un-acidified sample ts filtered at the laboratory, the samples

and all associated QC samples are acidified and are available for instrument analysis.

Total Recoverable Metals-The entire sample is acidified at the time of collection with nitric acid At

the time of analysis the sample is heated with acid and substantially reduced in volume The
digestate is either filtered or allowed to settle after being diluted to volume. The concentration
determined on an unfiltered sample following treatment with hot, dilute mineral acid. The

concentrations of analytes determined by this procedure are commonly known as total recoverable
metals.

7. Interferences
Several types of interference effects may contribute to inaccuracies in the determination of trace

elements. From the perspective of sample digestion, they can be summarized as follows:

Chemical Interferences are effects by a chemical or group of chemicals that cause the
measurement of a target chemical or analyte to be incorrect.

Silver: Silver is only slightly soluble in the presence of chloride unless there is a sufficient
chloride concentration to form the soluble chloride complex. Therefore, low recoveries of silver
may occur in samples, spiked sample matrices and spiked blanks or as a dissolved parameter or

analyzed by "direct analysis". For this reason, samples are digested using the total recoverable
mixed acid digestion before the determination of silver. For the analysis of samples containing
higher concentrations of silver, succeeding smaller sample aliquots should be prepared until the

analysis solution contains <0.1 mg/L silver.

Barium: For the analysis of barium in samples having varying and unknown concentrations of

sulfate, analysis should be completed as soon as possible after sample preparation.

Physical interferences are effects associated with samples containing high dissolved solids or high

acid concentrations. If physical interferences are present, diluting the sample or using some other
appropriate compensation technique during the analysis may reduce them.

Method interferences are the result of contaminants in acids, reagents, glassware, and other
sample processing hardware Running method blanks as described in Section 12 and 18

The Standard Operating Procedure has been prepared for thie sole use of LMP member Laboratories
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demonstrates the system is free of contamination. The analytical system must be free from
contamination under the conditions of the analysis.

Boron: For accurate determination of boron in solid samples only quartz or PTFE beakers should
be used during acid extraction. When possible, borosilicate glass should be avoided to prevent
contamination of these parameters.

It is recommended that whenever a new or unusual sample matrix is encountered, a series of tests
be performed prior to reporting concentration data for analyte elements. These tests, as outlined theSOP for ICP metals analysis, will ensure the analyst that neither positive nor negative interferenceeffects are operative on any of the analyte elements thereby distorting the accuracy of the reported
values. Spiked sampres and any relevant standard reference material should be processed in
accordance with the quality control requirements found in this method, to aid in determining whether
this method is applicable to a given waste.

8. Safety
While digesting the samples, safety glasses should be worn due to splashing of the sample and
concentrated nitric and hydrochloric acids.
Gloves should be worn to prevent samples and acids from coming in contact with the skin.
A lab coat should be worn to prevent acid from getting on clothes.
Use these reagents in a fume hood whenever possible. The acidification of samples containingreactive materials may result in the release of toxic gases, such as cyanides or sulfides. Acidification
of samples and all hot acid digestions must be done in a fume hood.
Other safety precautions should be conducted in accordance with the laboratory's Safety Manual.
Other actions can also be applied if deemed necessary. A reference file of material safety data
sheets (MSDS) is available to all personnel involved in an analysis using chemicals.

9. Equipment and Supplies
Hot Block Digestor, capable of maintaining a temperature of 95 +/-5 0iJ
Digestor Tubes with Screw Caps: 50 mL capacity, Class A Tolerance
Thermometers, glass, alcohol: capable of measuring temperatures ranging from 60 0C to 1 10 0C
Filtermate: disposable 2.0 micron filter apparatus for Digestor Tubes
Volumetric Pipettes, or equivalent Class A: 10 mL, 5 mL, 2 mL, and 1 mL
Repipettors: for use on all Trace metal grade acids

10. Reagents and Standards
Reagent water - Reagent water in the metals laboratory is water from the laboratory DI system.
Analysis of laboratory blanks is a check on the quality of the water.
Nitric acid -Concentrated, Trace metal grade or equivalent.
Hydrochloric acid - Concentrated, Trace metal grade or equivalent.
Stock Standard- Stock standards are purchased and diluted to a working concentration, for all
analytes that are to be digested using this method. Matrix Spiking Solution - Certified stock

Thie Standlard Opeaiti ng PiocedUIir has been prepared for the Sole LISe of L MP member Laboratories
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standard solutions in nitric acid are prepared for use as matrix spiking solutions. This solution~s) is
added to all required quality control samples (MS, MSD, LGCS, LGSD)

Matrix spiking solutions are stored in plastic bottles at room temperature. These solutions must be
replaced per vendor's expiration date. This expiration date is applicable to solutions purchased and
used directly from the vendor's container.

For dilute matrix spiking solutions prepared from stock standards, the expiration date is six months
from the date of preparation or prior to the manufacturer's expiration date.

1 1. Sample Collection, Preservation, Shipment and Storage
Samples that do not meet preservation requirements, minimum sample size or have or will exceed
holding times:

Must be documented as such on the chain of custody.

The client must be notified and the deficiencies documented.

1 1.1 Sample Collection
Holding time: The holding time limitation is six months from the date of collection.

Minimum volume required 50 mL

Bottle type: Plastic or Glass

11.2 Sample Preservation
Preservation: Aqueous samples require HNO3 acid preservation to a pH <2 before analysis.

Note: Those, samples requiring dissolved metals are either field filtered and preserved or filtered at
the laboratory prior to preservation.

When sample is to be analyzed that does meet the sampling or preservation requirements, note the
exception to the requirement on the report and report the result value in brackets or other suitable
qualifier symbol.

In consultation with the client the laboratory may define a project specific sample handling practice

based on regulatory requirements.

11.4 Sample Storage
Aqueous samples may be stored at room temperature from time of sample receipt until analysis.

Maintain sample digestates at room temperature.

12. Quality Control

12.1 Laboratory Blank (LB)
A laboratory blank (also known as a laboratory reagent blank) shall be prepared and analyzed at
a minimum of one per preparation batch of 20 or less samples per matrix type prepared over time.
The method blank shall be processed through all preparatory steps used for the samples.

The Standard Operating Procedure has been prepared for the sole use of LMP member Laboratories
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12.2 Laboratory Control Sample (LCS)
The LOS (also known as a laboratory fortified blank) shall be prepared and analyzed at a minimum ofone per preparation batch of 20 or less samples per matrix type prepared over time. In accordance
with the test method, the LOCS is prepared containing all of target analytes.
If insufficient sample is available for an MS/MSD then prepare a LOCS duplicate (LOSD) and analyze.
Some clients may require different spiking levels and/or target analytes; these specific needs are
documented on the request for analysis forms.

12.3 Matrix Spike (MS)
The MS shall be prepared and analyzed at a minimum of one per preparation batch of 20 or less
samples per matrix type prepared over lime. The selected samples shall be rotated among clientsamples (unless otherwise directed by the client) so that various matrix problems may be notedand/or addressed. In accordance with the test method, the MS is prepared containing all the of target
analytes.

Some clients may require different spiking levels and/or target analytes, these specific needs are
documented on the request for analysis forms.

12.4 Matrix Spike Duplicates (MSD)
A Matrix Spike Duplicate shall be prepared and analyzed at a minimum of one per preparation batchof 20 or less samples per matrix type prepared over time. The RPD between the MS and MSD iscalculated for the statement of method precision. Duplicates of field samples or of the LOS shall beprepared in compliance with client directives as long as the client specifications are more stringent
than the reference method criteria.

13. Calibration and Standardization

13.1 Thermometers
Oheck the thermometer to ensure the calibration is not expired. Oheck the thermometer during thedigestion and record the temperature in the digestion logbook. Be certain that any correction factor
is noted in the logbook.

13.2 Balances
All balances are verified each day by the quality control department. Ensure that balance calibration
has not expired prior to use.

13.3 Pipettors
Be sure all adjustable pipettors are calibrated each day prior to use, and the data is recorded in the
proper logbook.

14. Sample Preparation
Record the sample number (standard or QC sample identifier), preparation batch identifier, standardsolution identifier, dilution, analyst initials, deviations from this procedure and visual observations on
the metal prep worksheet.

Samples digested in a batch must include a method blank (MB), laboratory control sample (LOCS),
matrix spike and matrix spike duplicate sample (MS/MSD).

The Standard Operating Pt ocediire has been prepared for the sole uise of LM P memiber Laborator ies
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All samples and QC samples must be digested in the same operational manner.

Perform a preliminary review of the nature of the sample. Record on worksheet any unusual sample

characteristics such as color, presence of an oily sheen, debris in the sample, limited sample size,

etc. Note any problems in obtaining a representative aliquot of the sample.

1 . Total Recoverable Metals Mix the sample thoroughly to achieve homogeneity by

inverting numerous times.. For each sample digestion procedure measure 50 mL of sample

directly into the Glass A digestion tube.

2. Add 1 mL of HNO3 and 2.5 mL of HCl and mix. Heat the sample in the digestion block to 90

- 950C and digest to a volume of 10-20 mL,without boiling.

3. Allow the sample to cool and be dilute to 50 mL.. The sample is now ready for analysis by

ICP-AES or LCP-MS. Note: If the solids have not settled at time of analysis, the sample will

be filtered using a 2.0 micron filtermate.

14.1 Analytical Sequence
The sample preparation batch must include:

LB
LCS
Sample 1

Sample 1 MS/MSD

Additional project or client specific QC samples, such as LCSD or sample duplicate

15. Calculations
Calculations are not applicable for this preparatory procedure.

16. Method Performance
The data report packages present the documentation of any method modification related to the

samples tested. Depending upon the nature of the modification and the extent of intended use, the

laboratory may be required to demonstrate that the modifications will produce equivalent results for

the matrix.

16.1 Demonstration of Capability
The analyst must make an initial, one-time, demonstration of the ability to generate acceptable

accuracy and precision with this method. Each time a method modification is made, the analyst is

required to repeat the procedure. The mixed standard LOS solution and/or individual element LOS

solutions may be used as the QO solution. Analyze four aliquots of the LCS according to the

preparation method. Calculate the standard deviation of the four results (Sx) in mg/L, the relative

standard deviation (%RSD =100% * Sx/X) the average result for the four aliquots (X) in mg/L, and

the percent recovery (R) in % using the four results

Acceptance limits for %R are: 100 ± 15% of the theoretical value. Acceptance limit for %RSD is:

10% RSD.

The Standard Operating Procedure has been prepared for the sole use of LMP member Laboratories
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16.2 Comparison to Reference Method Data
Quality Control sample performance acceptance limits are summarized in the ICP Analytical SOP

16.3 In-House Control Limits
Quality Control sample performance acceptance limits are summarized in the ICP Analytical SOP

17. Pollution Prevention
The preparation of excessive volumes of laboratory reagents and standards shall be avoided so that
waste and potential for pollution are minimized. Samples, reagents and standards shall be disposed
in compliance with the laboratory waste disposal program and applicable waste disposal regulations.
With the consent of the client, the samples may be returned to their origin for treatment.
Uncontaminated paper waste, glass and cans should be separated for recycling. Laboratory staff are
required to protect the laboratory's and our clients' business information when disposing of recycling
or waste from the facility.

18. Data Assessment and Criteria For Quality Control Measures
The laboratory must maintain records to document the quality of data that is generated. Ongoing
data quality checks are compared with established performance criteria to determine if the results of
analyses meet the performance characteristics of the method. When results of sample matrix spikes
indicate atypical method performance, a Laboratory Control Sample (ILCS) is used to confirm the
measurements were performed in an in-control mode of operation.

Data Assessment and Criteria for Quality Control Measures are summarized in the ICP Analytical
SOP

18.1 Blanks
Data Assessment and Criteria for Quality Control Measures are summarized in the ICP Analytical
SOP

18.2 Laboratory Control Sample (LCS)
Data Assessment and Criteria for Quality Control Measures are summarized in the ICP Analytical
SOP

18.3 Matrix Spikes and Matrix Spike Duplicates (MSMSD)
Data Assessment and Criteria for Quality Control Measures are summarized in the ICP Analytical
SOP

19. Corrective Actions for Out-Of-Control Data
The process for handling corrective actions is found in the laboratory's Quality Manual Section 5.6.

20. Contingencies for Handling Out-Of-Control Or Unacceptable Data
Improper preservation ahd improper storage are noted on the corrective action form and included in
the final report. Review of the Method Blank analysis, LCS recovery, matrix spike recovery, sample
duplicate RPD for acceptable performance occurs for each batch of samples. Record any trends or

ITle Standai d Operating Prtocedure has been prepared for the sole use of LMP membter Laboratories
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performance abnormalities on a corrective action form. Qualify all results not meeting the laboratory-
defined criteria in the client report.

Every effort is made to prevent problems from occurring. When out of control or unacceptable data
occurs the first option is to identify the problem and reanalyze the samples. When this is not
possible, the Technical Director reviews data and discusses options with the client. Reanalysis or
reporting the data with qualifiers, are alternatives. Out of control or unacceptable data reported to
the client must include the data qualifier, flag and a discussion of the rationale for reporting-

The process for handling unacceptable and out of control data is found in the laboratory QM Section
9. The reporting of data that is out of control must be approved and documented by Quality
Assurance Officer and the Technical Director.

21. Waste Management
The laboratory Safety Manual identifies proper waste management practices for the chemicals and
biological materials used in this procedure. Samples are stored and discarded accordance with
Section 11.5 of the laboratory QM.

22. References
Method 3005A, 3010OA, and 3050B of EPA Manual SW-846 Third Edition (through Update Ill)

December 1996

40 GFR Part 136 Appendix B, Procedure for the Determination of the Method Detection Limit

A&L Quality Manual, current edition

IGP Analytical SOP

23. Tables, Diagrams, Flowcharts and Validation Data
Metals Prep template is found in the Quality System electronic files.

The Standard Operating Procedure has been prepared for the sole use of LMP mnember Laboratories
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1. Identification of Test Method
Acid Digestion of Solids for Metals Analysis. The laboratory records and reports refer to this analysis
as 30508. This SOP based on metal preparation procedures of EPA SW-846 Method 3050B3, Acid
Digestion of Sediments, Sludges, and Soils.

2. Applicable Matrix or Matrices
This method is applicable to solid samples. Nitric acid digestates of soil, sediment, and plant tissue

are prepared using this method. Analytes other than those listed in the scope and application section

may be analyzed by this method if performance is demonstrated for the analytes of interest, in the
matrices of interest, at the concentration levels of interest.

3. Detection Limits
The laboratory follows the procedure found in 40CFR Padt 1366 to determine the MDL for each
matrix type on an annual basis. Additionally, the laboratory determines the MDL whenever there is a

significant change in equipment or substantive revision of the technical protocols for preparation and

analysis of samples by this test method. The relative significance and substantiveness of any

changes to equipment or protocols that may require redetermination of the MDI~s shall be decided,
and documented in QA files, by the QIA Officer in conjunction with technical assistance from the
laboratory Technical Director. All processing steps of the analytical method, including any routine

preparation steps, are included in the determination of the MDL. The MDLs measured by the

laboratory are on file for review in each determinative analytical procedure. All supporting
documentation used in the determination of the laboratory MD1_s is maintained in the laboratory CA

files. These may include but are not limited to, laboratory prep batch worksheets, instrument
printouts or Quantitation reports and MDL calculation spreadsheets.

The laboratory determined MDIL must always be less than or equal to the reference method MDL.

For those cases in which a regulatory compliance limit is in effect, the laboratory MDIL must be less
than one-third of the compliance limit.

MDIL Check Samples are analyzed on a quarterly basis to verify the reported MDIL when state or
regulatory agencies require such.

4. Scope and Application
This method is applicable to the preparation of solid matrices for measurement of metals at

various reporting levels depending upon the instrumentation used for analysis. This SOP is
written for metals analysis using Inductively Coupled Plasma-Atomic Emission Spectrometry

(ICP-AES) and Inductively Coupled Plasma-Mass Spectrometry (ICP-MS).

Parameter List by Method and Matrix

The Standard Operating Procedure has been prepared for the sole use of LMP m~emnber Laboratories
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Parameter CAS

Aluminum (Al) 7429-90-5
Antimony (Sb) 7440-36-0
Arsenic (As) 7440-38-2
Barium (Ba) 7440-39-3

Beryllium (Be) 7440-41-7
Boron (B) 7440-42-8

Cadmium (Cd) 7440-43-9
Calcium (Ca) 7440-70-2

Chromium (Cr) 7440-47-3
Cobalt (Co) 7440-48-4
Copper (Cu) 7440-50-8

Iron (Fe) 7439-89-6
Lead (Pb 7439-92-1

Lithium (LI) 7439-93-2
Magnesium (Mg 7439-95-4
Manganese (Mn) 7439-96-5
Molybdenum (Mo) 7439-98-7

Nickel (Ni) 7440-02-0
Phosphorus (P) 7723-14-0
Potassium (K) 7440-09-7
Selenium (Se) 7782-49-2
Silica (5i02) 7631-86-9
Silver (Ag) 7440-22-4

Sodium (Na) 7440-23-5
Strontium (Sr) 7440-24-6
Thallium (TI) 7440-28-0
Titanium (Ti) 7440-32-6

Vanadium (V) 7440-62-2
Zinc (Zn) 7440-66-6

Sufr (S) 6705-05-5

The parameter list is extended to add metals commonly requested by clients for solid waste samples
such as soil, sludge and other acid digestible materials.
For the determination of total recoverable parameters in solid samples a digestion is required prior to
analysis.

5 Summary of Test Method
Various sample processing techniques must be considered and addressed appropriately for the
parameters of interest including; total parameters using hot acid digestion techniques, and control ofinterferences. Sample processing includes the acid digestion of an accurately weighed or measured
sample aliquot of a well mixed, homogeneous solid sample. The acid concentration and acids
selected in the sample preparation step must be the same as the standards used for instrumentation
calibration

The Standard Operating Procedure hats been prepared for thre sole use ofl'M P member Laboratories
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For the digestion of samples, a representative 1-2 g sample is digested with repeated additions of
nitric acid, hydrochloric acid and hydrogen peroxide. The resultant digestate is diluted to a final
volume of 50 mnL and either filtered or allowed to settle prior to the analytical procedure.

6. Definitions
The laboratory Quality Manual contains the definitions of standard terms used in this SOP.
Additional terms are defined below.

Total Metals-The concentration determined on an unfiltered sample following vigorous digestion.

Note: Method 3050B is not a total digestion technique for most samples. It is a very strong acid

digestion that will dissolve almost all elements that could become "environmentally available." By
design, elements bound in silicate structures are not normally dissolved by this procedure, as they

are not usually mobile in the environment. If absolute total digestion is required use Method 3052.

Total Recoverable Metals-The concentration determined on an unfiltered sample following

treatment with hot, dilute mineral acid. The concentrations of analytes determined by this procedure

is commonly known as total recoverable metals

7. Interferences
Several types of interference effects may contribute to inaccuracies in the determination of trace

elements. From the perspective of sample digestion, they can be summarized as follows:

Chemical Interferences are effects by a chemical or group of chemicals that cause the
measurement of a target chemical or analyte to be incorrect

Silver: Silver is only slightly soluble in the presence of chloride unless there is a sufficient
chloride concentration to form the soluble chloride complex. Therefore, low recoveries of silver

may occur in samples, spiked sample matrices and spiked blanks or as a dissolved parameter or

analyzed by "direct analysis". For this reason, samples are digested using the total recoverable

mixed acid digestion before the determination of silver. For the analysis of samples containing

higher concentrations of silver, succeeding smaller sample aliquots should be prepared until the

analysis solution contains <0.1 mg/L silver. The extraction of solid samples containing
concentrations of silver >50 mg/kg should be treated in a similar manner.

Barium: For the analysis of barium in samples having varying and unknown concentrations of

sulfate, analysis should be completed as soon as possible after sample preparation.

Physical interferences are effects associated with samples containing high dissolved solids or high

acid concentrations. If physical interferences are present, diluting the sample or using some other
appropriate compensation technique during the analysis may reduce them.

Method interferences are the result of contaminants in acids, reagents, glassware, and other

sample processing hardware. Running method blanks as described in Section 12 and 18

demonstrates the system is free of contamination. The analytical system must be free from
contamination under the conditions of the analysis.

Baron: For accurate determination of boron in solid samples only quartz or PTFIE beakers should

be used during acid extraction. When possible, borosilicate glass should be avoided to prevent
contamination of these parameters.

The Standard Operating Procedure has been prepar ed for the sole use of I-MP member Laboratories
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It is recommended that whenever a new or unusual sample matrix is encountered, a series of tests
be performed prior to reporting concentration data for analyte elements. These tests, as outlined theSOP for ICP metals analysis, will ensure the analyst that neither positive nor negative interference
effects are operative on any of the analyte elements thereby distorting the accuracy of the reportedvalues. Spiked samples and any relevant standard reference material should be processed in
accordance with the quality control requirements found in this method, to aid in determining whether
this method is applicable to a given waste.

8. Safety
While digesting the samples, safety glasses should be worn due to splashing of the sample and
concentrated nitric and hydrochloric acids.
Gloves should be worn to prevent samples and acids from coming in contact with the skin.
A lab coat should be worn to prevent acid from getting on clothes.
Use these reagents in a fume hood whenever possible. The acidification of samples containing
reactive materials may result in the release of toxic gases, such as cyanides or sulfides. Acidification
of samples and all hot acid digestions must be done in a fume hood.
Other safety precautions should be conducted in accordance with the laboratory's Safety Manual.Other actions can also be applied if deemed necessary. A reference file of material safety data
sheets (MSDS) is available to all personnel involved in an analysis using chemicals

9. Equipment and Supplies
Hot Block Digestor, capable of maintaining a temperature of 95 sJ-50OC
Digestor Tubes with Screw Caps: 50 mL capacity, Class A Tolerance
Balance capable of weighing to 0.01 g
Thermometers, glass, alcohol: capable of measuring temperatures ranging from 6000C to 1 1 00C
Filtermate: disposable 2.0 micron filter apparatus for Digestor Tubes
Volumetric Pipettes, or equivalent Class A: 10 mL, 5 mL, 2 mL, and 1 mL
Repipettors: for use on all Trace metal grade acids

10. Reagents and Standards
Reagent water - Reagent water in the metals laboratory is water from the laboratory Dl system.
Analysis of laboratory blanks is a check on the quality of the water.
Nitric acid -Concentrated, Trace metal grade or equivalent.
Hydrochloric acid - Concentrated, Trace metal grade or equivalent.
Hydrogen peroxide - 30% H1202

Stack Standard- Stock standards are purchased and diluted to a working concentration, for allanalytes that are to be digested using this method. Matrix Spiking Solution - Certified stock
standard solutions in nitric acid are prepared for use as matrix spiking solutions. This solutions) isadded to all required quality control samples (MS, MSD, LCS, LCSD)

T[he Standlard Operating Procedurfe has been preplared for the Sole Use ofL'M P member Laboratories
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Matrix spiking solutions are stored in plastic bottles at room temperature. These solutions must be
replaced per vendor's expiration date. This expiration date is applicable to solutions purchased and
used directly from the vendor's container.

For dilute matrix spiking solutions prepared from stock standards, the expiration date is six months
from the date of preparation or prior to the manufacturer's expiration date.

1 1. Sample Collection, Preservation, Shipment and Storage
Samples that do not meet preservation requirements, minimum sample size or have or will exceed
holding times:

Must be documented as such on the chain of custody.

The client must be notified and the deficiencies documented.

11.1 Sample Collection

Holding time: The holding time limitation is six months from the date of collection.

Minimum volume required: 4 oz.

Bottle type: Plastic or Glass

11.2 Sample Preservation
Preservation: Solid samples require no chemical preservation before analysis. Solid samples
require ice or refrigeration from the time of collection until analysis. Cool and maintain the sample

temperature between 2 and 6 0C from time of sample receipt until analysis.

When sample is to be analyzed that does meet the sampling or preservation requirements, note the
exception to the requirement on the report and report the result value in brackets or other suitable
qualifier symbol.

In consultation with the client the laboratory may define a project specific sample handling practice

based on regulatory requirements.

11.4 Sample Storage
Solid samples are stored between 2 and 6 OC from time of sample receipt until analysis.

Maintain sample digestates at room temperature.

12. Quality Control

12.1 Laboratory Blank (LB)
A laboratory blank (also known as a laboratory reagent blank) shall be prepared and analyzed at
a minimum of one per preparation batch of 20 or less samples per matrix type prepared over time.

The method blank shall be processed through all preparatory steps used for the samples.

12.2 Laboratory Control Sample (LOS)

The LGS (also known as a laboratory fortified blank) shall be prepared and analyzed at a minimum of

one per preparation batch of 20 or less samples per matrix type prepared over time. In accordance
with the test method, the LCS is prepared containing all of target analytes.

The Standard Operating Pr ocedure has been prepared for the sole use of LMP member Laboratories
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If insufficient sample is available for an MS/MSD then prepare a L-CS duplicate (LCSO) and analyze.
Some clients may require different spiking levels and/or target analytes, these specific needs are
documented on the request for analysis forms.

12.3 Matrix Spike (MS)
The MS shall be prepared and analyzed at a minimum of one per preparation batch of 20 or less
samples per matrix type prepared over time. The selected samples shall be rotated among clientsamples (unless otherwise directed by the client) so that various matrix problems may be noted
and/or addressed. In accordance with the test method, the MS is prepared containing all the of target
analytes.

Some clients may require different spiking levels and/or target analytes, these specific needs are
documented on the request for analysis forms.

12.4 Matrix Spike Duplicates (MSD)
A Matrix Spike Duplicate shall be prepared and analyzed at a minimum of one per preparation batchof 20 or less samples per matrix type prepared over time. The RPO between the MS and MSD is
calculated for the statement of method precision. Duplicates of field samples or of the LOS shall be
prepared in compliance with client directives as long as the client specifications are more stringent
than the reference method criteria.

13. Calibration and Standardization

13.1 Thermometers
Check the thermometer to ensure the calibration is not expired. Check the thermometer during thedigestion and record the temperature in the digestion logbook. Be certain that any correction factor
is noted in the logbook.

13.2 Balances
All balances are verified each day by the quality control department. Ensure that balance calibration
has not expired prior to use.

13.3 Pipettors
Be sure all adjustable pipettors are calibrated each day prior to use, and the data is recorded in the
proper logbook.

14.1 Sample Preparation
Record the sample number (standard or QC sample identifier), preparation batch identifier, standard
solution identifier, dilution, analyst initials, deviations from this procedure and visual observations on
the metal prep worksheet.
Samples digested in a batch must include a method blank (MB), laboratory control sample (LOS),
matrix spike and matrix spike duplicate sample (MS/MSD).
All samples and QC samples must be digested in the same operational manner.

The Standard Operating lPiocedui-c has been piepai-ed (or the sole use of LMP member Laboratories
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Perform a preliminary review of the nature of the sample. Record on worksheet any unusual sample

characteristics such as color, presence of an oily sheen, debris in the sample, limited sample size,

etc. Note any problems in obtaining a representative aliquot of the sample.

1 . Mix the sample thoroughly to achieve homogeneity using a tongue blade. For each
digestion procedure, weigh to the nearest 0.Olg a minimum of 1lO0g sample into a digestion
tube.

2. Add 2.5 mL of HNO, and 2.5 mL of Dl and mix. Heat the sample in the digestion block to

950C ± 50C and reflux for 10 to 15 minutes without boiling. Allow the sample to cool, add 2.5

mL of concentrated HN0 3 and reflux for 30 minutes. If brown fumes are generated,
indicating oxidation of the sample by HNO3 repeat this step (addition of 2.5 mL of conc.

HNO3 ) over and over until no brown fumes are given off by the sample indicating the

complete reaction with HNO3. Heat at 9500 ± 5OC without boiling for two hours. Maintain a

covering of solution over the bottom of the vessel at all times. After the two hours, remove
the sample from the hotblock and allow to cool.

3. After the sample has cooled, add 1 mL of water and 1.5 mL- of 30% H~202 Allow the sample
to heat until reaction occurs. Care must be taken to ensure that losses do not occur due to

excessively vigorous effervescence. Heat until effervescence subsides and cool the vessel.

4. Continue to add 30% H202 in 1-mL aliquots with warming until the effervescence is minimal

or until the general sample appearance is unchanged. NOTE: Do not add more than a total

of 10 mL 30% Ht 202

5. Continue heating the acid-peroxide digestate until the volume has been reduced to

approximately 5 mL. Maintain a covering of solution over the bottom of the vessel at all
times. Note: If the sample digestate is to be analyzed by ICP-MS it may be cooled and

diluted to 50 mL at this time. Note: If the solids have not settled at time of analysis, the

sample will be filtered using a 2.0 micron fiftermhate.

6. If sample is to be analyzed by ICP-AES add 5 mL conc. -HCI to the sample and heat at 950 C

± 5'C for 15 minutes.

7. Allow the sample to cool and be dilute to 50 mL. The sample is now ready for analysis by

ICP-AES. Note: If the solids have not settled at time of analysis, the sample will be filtered

using a 2.0 micron filtermate.

14.4 Analytical Sequence
The sample preparation batch must include:

LB
LCS
Sample 1

Sample 1 MS/MSD

Additional project or client specific QC samples, such as ILCSD or sample duplicate

The Standard Operating procedure has been prepared for the sole use of LMP member Laboratories
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15. Calculations
Calculations are not applicable for this preparatory procedure.

16. Method Performance
The data report packages present the documentation of any method modification related to the
samples tested. Depending upon the nature of the modification and the extent of intended use, the
laboratory may be required to demonstrate that the modifications will produce equivalent results for
the matrix.

16.1 Demonstration of Capability
The analyst must make an initial, one-time, demonstration of the ability to generate acceptable
accuracy and precision with this method. Each time a method modification is made, the analyst isrequired to repeat the procedure. The mixed standard LOS solution and/or individual element LOS
solutions may be used as the QO solution. Analyze four aliquots of the LOS according to the
preparation method. Calculate the standard deviation of the four results (Sx) in mg/L, the relative
standard deviation (%RSD = 1 00% *Sx/X) the average result for the four aliquots (X) in mg/L, and
the percent recovery (R) in % using the four results.

Digested solid samples (aqueous samples that have undergone the solids digestion procedure):
Acceptance limits for %R are: 100 ± 15% of the theoretical value. Acceptance limit for %RSD is:
1 0% RSD.

16.2 Comparison to Reference Method Data
Quality Control sample performance acceptance limits are summarized in the lOP SOP 03.02.0046.

16.3 In-House Control Limits
Quality Control sample performance acceptance limits are summarized in the lCP SOP 03.02.0046.

17. Pollution Prevention
The preparation of excessive volumes of laboratory reagents and standards shall be avoided so that
waste and potential for pollution are minimized. Samples, reagents and standards shall be disposed
in compliance with the laboratory waste disposal program and applicable waste disposal regulations.
With the consent of the client, the samples may be returned to their origin for treatment.
Uncontaminated paper waste, glass and cans should be separated for recycling. Laboratory staff arerequired to protect the laboratory's and our clients' business information when disposing of recycling
or waste from the facility.

18. Data Assessment and Criteria For Quality Control Measures
The laboratory must maintain records to document the quality of data that is generated. Ongoing
data quality checks are compared with established performance criteria to determine if the results ofanalyses meet the performance characteristics of the method. When results of sample matrix spikes
indicate atypical method performance, a Laboratory Control Sample (LOS) is used to confirm the
measurements were performed in an in-control mode of operation.
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Data Assessment and Criteria for Quality Control Measures are summarized in the lOP SOP
03.02.0046.

18.1 Blanks
Data Assessment and Criteria for Quality Control Measures are summarized in the lCF SOP

03.02.0046.

18.2 Laboratory Control Sample (LCS)
Data Assessment and Criteria for Quality Control Measures are summarized in the ICP SOP
03.02.0046.

18.3 Matrix Spikes and Matrix Spike Duplicates (MSMSD)
Data Assessment and Criteria for Quality Control Measures are summarized in the LOP SOP
03.02.0046.

19. Corrective Actions for Out-Of-Control Data
The process for handling corrective actions is found in the laboratory's Quality Manual Section 5.6.

If the LOS recovery falls outside the designated acceptance range, the laboratory performance for
that parameter is judged to be out of control, and the problem must be immediately identified and
corrected. The analytical result for that parameter in the samples is suspect and is only reported for
regulatory compliance purposes with the appropriate corrective action form. Immediate corrective
action includes reanalyzing all affected samples by using any retained sample before the expiration
of the holding time. Final data results must be qualified in the client report for reported results not
meeting the laboratory defined criteria.

Review standards preparation logbooks Check all calculations and ensure dilution factors are
properly recorded. Re-prepare the LOS sample to identify possible preparation errors of the LOS.
Re-digest the samples when the LOS is not within acceptable limits.

Check the digestion logbook sequence to ensure that all samples were entered in the proper order
and were labeled correctly.

Check the digestion logbook for any comments or qualifiers concerning the sample or the analytical
batch

Record all hotplate adjustments and maintenance in the digestion logbook.

20. Contingencies for Handling Out-Of-Control Or Unacceptable Data
Section 18.8 addresses situations that may generate out-of-control or unacceptable data.

Improper preservation and improper storage are noted on the corrective action form and included in
the final report. Review of the Method Blank analysis, LOS recovery, matrix spike recovery, sample

duplicate RPD for acceptable performance occurs for each batch of samples. Record any trends or
unusual performance on a corrective action form. Qualify all results not meeting the laboratory-
defined criteria in the client report.

Every effort is made to prevent problems from occurring. When out of control or unacceptable data
occurs the first option is to identify the problem and reanalyze the samples. When this is not

possible, the Technical Director reviews data and discusses options with the client. Reanalysis or
reporting the data with qualification are alternatives. Out of control or unacceptable data reported to

the client must include the data qualifier, flag and a discussion of the rationale for reporting.
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The process for handling unacceptable and out of control data is found in the laboratory GM Section9. The reporting of data that is out of control must be approved and documented by Quality
Assurance Officer and the Technical Director.

21. Waste Management
The laboratory Safety Manual identifies proper waste management practices for the chemicals and
biological materials used in this procedure. Samples are stored and discarded accordance with
Section 1 1.5 of the laboratory QM.

22. References
Method 200.7 Revision 4.4 of Methods for the Determination of Metals in Environmental Samples
Supplement I EPA/600/R-94-1 11 May, 1994
Method 3005A, 3010OA, and 3050B of EPA Manual SW-846 Third Edition (through Update Ill)
December 1996
Method 7O0OA of EPA Manual SW-846 Third Edition (through Update 111) December 1996
40 CFR Part 136 Appendices B, Current edition
A&L Quality Manual, current edition

ICP SOP 03.02.0046

23. Tables, Diagrams, Flowcharts and Validation Data
Metals Prep template is found in the Quality System electronic files.

The Standard Operaling Procedure has been prepared Iom the sole use of ILM II member Laboratories

File location. P \Quality System\Technical SOPs\LMP Technical SOPs\Melals\MP 3050 01 doc
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1.0 PURPOSE
To outline the procedures necessary to perform organic carbon and organic matter
determinations on soils using thie Walkicy-Black method for A&L personnel.

2.0 SCOPE
This method quantifies the amount of oxadizable soil carbon as determined by
reaction with Cn2O7 and sulfuric acid. Thie unreacted dichromate is titrated with
FeSO:, using Ortho-phenanthroline as an indicator, and organic carbon is derived
from thle difference. Since, not all of the organic carbon in the sample is oxidized,
the value is considered an estimate.

J ~~~~~The method detection limit is 0. 10% and can generally be reproduced with in +
I10%.

3.0 SAMPLE HANDL[NG
Samples should be prepared for analysis by drying the sample at 1 OSC and
grinding it to pass through a 40 miesh sieve according to the protocol outlined in
A&L SOP 05,03.0002.00 L

4.0 INTERFERENCEIS ~ ~~~Some of the organic carbon might riot completely oxidize. The value calculated isconsidlercd an estimate. For samples with large amounts of carbon, a form of dry
combustion might be considered.

5.0 SAFETY
When handling and mixing reagents, appropriate eyewear and _idoves should heI ~ ~~~~worn. \Vhen mixing the sulfuric acid and chromlate Solution, muakec sure illis
pertorined under a fume hlood.

6.0 RE-AGENTS
6.1 Deionlized water
6.2 Potassium Diebromnate solution, 1.0 N: Dissolve 49,04 g oll'riniaryI ~ ~~~~~~Standard Grade K2Cn0O7 (dried at 105 C at least 2 hours) iii Di water and /;K

dilute to IOO00ml.
6.3 Ferrous Sulfate-FHeptahydratc solution, 0.5 N: Dissolve 140 g of

FeSO~it 71-12Q in 500 nil of Dl, adid 1 5.0 nil of cone. 112804t and dliltite to li le5IlOGO0 ml. 3 4,
6.4 Concentrated Sulfuric acid. (Appruox. 36N.
6.5 Ortlho-plhenanthrolintlje-t'errous complex soln., (0.025 M. Dissolve 3.71 g of'

0-phenanthrolirne monohydrate and 1 .74 g of FCSO4'~71-120 in D)1 and
dilute to 250 ml. Store in plastic bottle.
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I ~~~~~6.6 Carbon Standard, Ilmg/Inil. In a IL volumetric flask, dissolve 2.38 g of

7.1 Analytical Balance: I100 g capacity,+ 0.001II ~ ~~~~7.2 Erlenmeyer Flask 500 ml
7.3) Volumetric pipets, 5-20 ml
7.4 Mfolr pipet, 25 ml
7.5 50 mil burette with graduations of 0.1I ml

7.6 1 00 mil graduate cyclinder

I ~~8.0 PROCEDURE
- 8.) Weigh 0.5 + 0.005 g of prep sample into 500 mil Erlenmeyer flask.

Include a blank soln.I ~ ~~~~8.2 Volumetrically pipette IC ml of 1.0 N KŽCn0O7 to each flask, including the
blank.

8.3 tsing a Mohir pipette. add 20 ml of cone. 1-2SO4 to each flask, includingI ~ ~~~~~~the blank.
8.4 Swirl the flask for appr. I minand allow to cool on a heat resistant surface

for 30 min.
8.5 Add lOG ml of Di water.
8.6 Add 2-3 drops of Orthio-phenanthrolinle indicator.
8.7 Titrate wvith FeSO4. As you get closer to the endpoint, the color will

change from greenish tint to a blue green tint.
8.8 Adid 2-3 more drops of the indicator.
8.9 Continue dropwise titration to reddish wvine color endpoint.

8.10 Record amount of FeSOi used.
8.11 Calculations:

8.1I1.1I Normality FeSO4 = (nil K2CnO074 N K2CrZO7)/ nil FCSO4 K
8.11.2 nieq FeS04 nilFe 4

Xc)(~ 8.11.3 Organic Carbon() toc nx K2C'rO~ - mec FeS0 4 )*0.3O9VbaI K~~~~-0~~ +'t..-.- ~~~~~sample wvi
8.11.4 Organic Matter ( 1 =.72 * Organic Carbon %

9.0 METHOD PERFORMANCE
9,1 Analyze a reagent blank with each batch of 20 or fewer.

9.2 Analyze at least one blank spike sample with each batch of 20 or fewer.

1 ~~~~~~Use 20 ml aliquot of the Carbon Standard as the spike. Add spiking

'VA 5O~:(s \ (<'- i 6/: 6~76
I ? 7 mo~~~~~~~~.K SO-1 OH76 A~,
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I 9.3 ~~~~~Analyze at least one duplicate sample for every batch of 20 or Fewer. A
duplicate sample is a second weighing of a sample that is processed
completely as a separate sample.I ~ ~~~~9.4 Analyze at least one duplicate spike sample with each batch of 20 or
fewer. A duplicate spike is a third weighing of the duplicated sample that
is spiked with 20 nil of the Carbon Standard. Spike material is added with

thle sample is weighed and is processed like a separate sample.
101) DATA ASSESMENT AND ACCEPTANCE CRITERIA FOR QC MEASURESI ~ ~~~~10.1 The reagent blank should recover 0-0.50 rig cairborn.

10.2 The blank spike should have a recovery of 95.0-105% of the actual value.
10.3 Duplicate analyses should have a %RSD of less than or equal to 5.0%.
10.4 Duplicate spike analyses should have a recovery of 95.0-105% of the

I ~~11.0 CORRE'CTiVE ACTION
All data assessment and acceptance criteria must be met before thle results for an
analytical batch run ean be validated, Consult with laboratory mianagemrent for

assistance in determining possible sources of error.

I~~~~~~~~~~~~~~mo
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Total Organic Carbon by Combustion-infrared Method

SM 5 3 10B and EPA 415.1

Prepared by: ________________

Michael Kauffmanjechnical Director

Approval: ________________

Scott McKee, President

The Standard Operating Procedure has been prepared for the sole use of Laboratoiy Management Partners. Inc.
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1.11 Scope and Application
This method includes the measurement of organic carbon in drinking, surface, and saline waters, domestic and industrialwastes. The method is most applicable to measurement of organic carbon above I mg/L.
The accuracy of this method is dependent onl particle size reduction due to the fact that micro-liter syringes are used to
introduce the sample.

2.0 Summary of Method
Thle sample is diluted if necessary and injected into a heated reaction chamber packed with an oxidative catalyst ofplatinum. The water is vaporized and the organic carbon is oxidized to C02. The C02 from oxidation of organic andinorganic carbon is transported in the carrier-gas stream and is measured by anl infrared analyzer.

Because total carbon is measured, inorganic carbon (IC) must be measured separately and TOC obtained by the
difference.

The IC is measured by injecting the sample into a separated injection port with no oxidative catalyst. All IC is convertedto C02, which is measured by an infrared analyzer. Undler these conditions organic carbon is not oxidized and only IC is
measured.

3.0 Interferences and Potential Problems
3.1 Solvents, reagents, glassware and other sample processing hardware may yield artifacts of

Interferences to sample analysis. All thiese mnaterials must be demonstrated to he firee from
interferences undger the conditions of the analysis by analyzing method blanks. Specific selection of
reagents and solvents may be necessary.

3.1I.1I Glassware contani inat ion call result in a nalyte degi adatfion: Soap residue onl glassware may
Cause degradation of certain analytes. Th is problem is especially pronounced with glassware
that may be difficult to nrinse. These i tens Should be hand-rinsed very carefully to avoid this
problem. Chromic acid that is not comnpletely rinsed will cause similar problems with ana lyte
degra,,dation andi shiould becarie fitlyrinised to avoid this problemi. Refer todtheSOP for
clcainiig of laiboraitory glaisswarec: Sogcl n03 .doc.

3 1.2 Removal of carbonate land bicarbonate by acidification and puriging results in the loss of
volatile ot-ganic substances. Thericefoic the mnethod of spaiging is not recommended. The
volati les also canl be lost during samnplIe diurtion if the temperature is allowed to rise.

3.1 .3 Another important loss can occur if Patge carbon-containing particles fhil to enter the syringe
needle for injection.

3.1I.4 If any problem arises during thie analysis, the analyst should note the circumstances onl the
analytical data sheet.

4.0 Equipment and Apparatus
4. I qulipmentll

4.I 1 Dohrmnann Model Apollo 9000 coupled with autosamlpler

5.0 Reagents and Standards
5.1 Policy.

5.1.1 Recagenit grade chemicals shiall be used in all tests. Unless otherwise indicated, it is intended
that all reagents shall conllbrmn to the specifications of the committee onl Analytical Reagents
of the American Chemical Society, where such specifications are available. Other grades may

The Standaid Operating Procedure has been prepaied or the sole use of L-aboratory Management Partners. Inc
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be used, provided it is first ascertained that the reagent is of sufficiently high purity to permit

its use without lessening the accuracy of the determination. All reagents/solvents/standards

must conform to the specifications of the Committee on Analytical Reagents of the American

Chemical Society, where such specifications are available.

5.1.2 All reagents/solvents/standards must be traceable using the Solution Validation Quality

Assurance Program (SVQAP). This program is detailed in the Quality Assurance Program

Plan Section 6.3. Refer to SOP Qasrpt02.doc, "Standard and Reagent Preparation and

Traceability".

5.2 Reagents

5.2.1 Deionized water

5.2.2 Compressed air: 99.98 % purity

Phosphoric acid, 80%

5.3 Solutions/Standards

Potassium phthialate standard (1 00 mg/L): 0.2128 g KH-P diluted to I L with Di

6.0 Sample Preservation and Containers
6.1 As a rule, LMP, Inc. does not engage in sampling activities. However, each analytical method has

specific container and preservation (chemical and/or temperature) requirements.

6 1.1 Refer to Standard Methods and EPA Manual for guidance concerning containers, preservation

and holding times.

6.2 h olding Times

6.2.1 Hlolding Time for extraction is defined as the number of days from Sample Collection (e g

Sample Date) to extraction.

6 2.2 The holding time for this analysis is 28 days, preserved with sulfuric acid to a pH- of less than

2, and maintained at a temperature of 4" C.

7.0 Procedure
7 I Set instrument on ready mode

7.2 Adjust analyzer oxygen flow to 200 +/- 20 mL/min.

7 3 Set furnace temperature at 6800 C.

7.4 When baseline has stabilized, run 4 or 5 reps of cleaning procedure

7.5 System holds calibration from day to day when used frequently. Check calibration by analyzing a

blank and a mid-range check standard to verify that the instrument calibration is still valid. Analyze

another standard from a second source to independently verify the verification curve. If these standards

are within acceptance range, proceed with sample analysis. If not, recalibrate the analyzer using a

system blank and the series of standards in the CALIBRATION program (I, 10, 25 and 100 mg/L).

7.6 For aqueous samples, fill a 40-mi vial with sample. The autosampler will take an appropriate amount

of aliquot from this vial. For soil samples, leach 2.0 gramns into 200 nml deionized water by stirring for

one hour. Most samples will decant clearly, allowing enough sample volume to be withdrawn for

analysis If samples will not decant, they must be filtered before analysis and a filter blank must be

analyzed if this filtration is necessary.

7.7 Analyze samples in the TOC, I1-100 mg/L range. The instrument sparges away the inorganic carbon, so

that only total organic carbon is reflected in the final result

The Standard Operaiting Procedure has been prepared for the sole use of Laboratory Management Partners, Inc.
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7.8 All samples, matrix spikes and matrix spikes duplicates should be analyzed in duplicate, and the
reported result will be the average of these analyses.

7.9 Retain the printout, which is properly labeled, dated and signed.

8.0 Quality Control/Quality Assurance/Corrective Action
8.1 A method/reagent blank is carried through the entire procedure and recorded on the work sheet on a

daily basis.

8.2 Samples are analyzed in duplicate to determine reproducibility.
8.3 A matrix spike and matrix spike duplicate are analyzed every analytical batch (10 samples) or daily,

whichever is more frequent.

8.4 Control limits are available and will be recorded onl the QC sheet. Ifany quality control data (ie.
duplicate or matrix spike) fall outside the QC limits, the analyst MUST notify the supervisor
IMMEDIATELY. All deviations MUST be noted on the QC data sheet as well as the corrective
actions. The QC Officer MUST be notified of all infractions.

8.5 All reagents must be recorded onl the Standlard Log Book and will be labeled with a Standard
Reference Number.

8.6 This number is unique and must be recorded on all work sheets to allow traceability.
8.7 Analyze a filter blank when ever samples are filtered.
8.8 Analyze anl independent mid-range check standard from anl independent son rce with each analytical

batch.

9.0 Calculations
Tlhe instrumuentation provides a direct mng/L TOC mneasuiemient. Thel reported resulIt is the average of all
replicates (duplicate or quadrtiplicate), adjusted folr any diurtion Jactor.

1 0.0 Data Validation
Riefier to the Laboratory's Quality Manual for- details.

1 1.0 Waste Management
Refer to the Waste Management Plan.

12.0 Health and Safety
Con1Siilt the Chemical I lygiene and Laboratory Safety Plans.,

13.0 Training & Training Validation
Reference the Employee Training Standard Operating Procedure.

14.0 References
14 I "Carcinogens - Working with Carcinogens " Department off le alth, Education -,and Welfare, Public

HeIalth Service, Center flor Disease Control, National Institute for Occupational Safety and I eIalth,
Publication No. 77-206, August 1977.

14.2 'OSI IA Safety and I leal th Standards, General hIndustry'', 29 C FR 19 1 0.
14.3 "Proposedl 0S11A Safitv anti health Standards, Lahoratories ", Occupational Safety and FI alth

Administration, 51 IER 26660, July 24, 1986.

14.4 Saigt inA4cadenic C'henlistly Lahoraiorwes ', A merican Chemical Society Publication, Committee onl

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management Partners, Inc.



8772 14 8

Laboratory Management Partners, Inc. Procedure No. SOP/iA.415_1.01
Standard Operating Procedure Page 5 of 6
TOC by SM 5310OB and EPA 451.1 Revision No.: 01
Effective Date: 09/01/04 Supersedes SOP: 1A531068.doc

Chemical Safety.

14.5 Standard Methods, 18"1 Edition.

14.6 Code of Federal Regulations 40 CFR Pant 136.

14.7 U.S. Army Corps of Engineers (USACE) Shell for Chemical Analytical Requirements, Appendix HI.

14.8 EPA, Methods for the Chemical Analysis of Water and Waste, EPA 600-4-79-020.

Trhe Standard Operating Procedure has been prepared for the sole use of Laboratoiy Management Partners, fInc.
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15.0 Appendix

The S landard Operating ProcedUIC ehas been prepared for the sore use of Laboratory Management Partners, Inc
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Determination of Anions using

Ion Chromatography according to EPA Method 300.0

Prepared by: ___________ _____

Michael Kauffman. Technical Director

Approval: ___________ ____

Scott McKee, President

The Standard Oper ating Procedure has been prepared for the sole use of Laboratory Management Partners, Inc.
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1.0 Scope and Application for Method
1.1 To address the determination of seven inorganic anions by EPA Method 300.0 Revision 2.1. Method A is

chosen for this determination. Applicable Matrices: Drinking water, surface water, mixed domestic and
industrial wastewaters, groundwaters, reagent waters, solids (after extraction) and leachates.

1.2 Analytes that are currently reported using this method are listed in Section 6.4.2, Figure 1.
1.3 Detection limits for the analytes currently reported using this method are listed in the Table 8. Refer to

Determnination2ofMDL/ML/LSOP for further information onl detection limits.
2.0 Summary of Method

2.1 A small volume of sample, 5 mL, is loaded onto anl automated auto-sampler, where the sample is filtered
through a 0.45-pnm membrane and loaded in a 25-pL loop. The sample is introduced into the ion
chromiatograph, where the ions of interest are separated and measured, using a system comprised of a guard
column, analytical column, suppressor device, and conductivity detector. Sample quantitation is based on
comparing sample concentration with a standard curve.

2.2 An extraction/dilution procedure must be performed for solid samples, or industrial samples.
3.0 Interferences and Potential Problems

3.1 Referto Section 4.0 c/'EPA Method300.0 for additional details.
3.2 Method interferiences are redticed by proper glassware cleaning procedures. Cleaning procedures are

detailed in SOP Inorganic Glassware Cleaning Procedures.
3.3 Interferences can be caused] by substances withr retention times that are similar to and overlap those of the

an ion of interest. Large amounts of an anion can interfere with the peak resolution of anl adjacent an ion.
Sample di lLii on canl be used to solve most interference problems aissociated with relent ion times.

3.4 Thie water dip or negative peak that elutes near, and can interfere with the fluoride peak is eliminated by the
use of Dionex columins, specifically designed to address this interference.

3.5 M ethod i nterfleiences may be caused by contaminants in the reagent water, reagents, glasswaie, and othert
saiuple processing apparatus that lead to discrete artifacts or elevated baselines in the chronmatogramls.

3.6 Any anion that is not retained by thle column or only slightly retained will Chlte in the area of tluoride and
interfei c.

3.7 The acetate ion clutes early during the chromnatogi aphic analysis. Thereflore, this method is not allowed for
TCLP [lieaates where acetic acid IS used for- PI I adltistmuents.

3.8 Aim lyses of calibration and reagent blanks provide in for mation about the presence of contain inanlts,
Subtracting blank valties firom sample resulIts is not permitted.

4.0 Equipment, Instrumentation and Apparatus
4.1I A na lytcal Systems - The current configuration of andlytiCal systems for this method are found Iin Table I
4.2 Refer to Section 6 Do/ EPA MetIhod 300 0
4.3 Glassware - (Vendor/Cat #).
4.4 Analytical balance capable of weighing O.OO0lg.

5.0 Reagents and Standards
5.1 Riefier to Section 7.0 of EPA Method 300.0.
5.2 Reagent grade chemicals are to be used for this method Unless otherwise indicated, it is intended that all

reagents shall conform to the specifications of the Committee onl Analytical Reagents of the Amlericanl
Chemical Society, where such specifications are available. Other gi-ades may be used, provided it is first
ascert ained thIat thle reagentI is of siti fi C ienIIt Iy hIigh pur Iity to Perm IIit It Srise Without lessening the accuracy of
thie determination.

5.3 All r-eagenits/solvents/,stanidards must be traceable using thie Solution Validation Quality Assurance
Pr ocedure (SVQAP).

5.4 Reagents - Table 5

Thie Standard Operating Proceduire has been prepared lor the sole use of Laboratory Management Partners, Inc.



877215 2

Laboratory Management Partners, Inc. Procedure No. SOP/QA. .01
Standard Operating Procedure Page 3 of 16

Revision No.: 01

Effective Date: 09/01/04 Supersedes SOP:

5.5 Stock Certified Solutions - Table 2 - Whenever possible, standard solutions are purchased as certified

solutions from an outside source. Each solution is accompanied by certification data on the purity,
precision, and traceability of the solution.

5.6 When a certified solution is not available, then the analyst must prepare a stock standard solution reference

material of known purity using the procedures detailed in in Reagent and Standard Solutions Validation
SOP.

5.7 Calibration Standards
5.8 The initial calibration is performed using five calibration standards (e.g., WS-1, WS-2). One standard

corresponds to the MQIL. The remaining standards encompass the working range of the method. All

quantitatively reported analytes must be included in the calibration standards Table 2 details the certified

solutions currently used. Table 6 details the preparation of the working standards from thle certified

solutions. Unopened stock solutions are valid for 6 months and one month for nitrite and phosphate; or as

stated on the containers Opened solutions expire after one month.
5 9 Laboratory Control Solution - This standard contains all target analytes and is added to a clean matrix (i.e.

blank spike) to monitor overall method performance. Table 2 details the certified solutions currently used.

LCS standard preparation is listed in Table 5. Spiking volumes and concentrations are listed in Table 4.

5.10 Matrix Spike Solution - This solution contains all target analytes and is added to aliquots of sample

(MS/MSD) to monitor sample matrix effects. Table 2 details the certified solutions currently used. MS

standard preparation is listed in Table 5. Spiking volumes and concentrations are listed in Table 4. These

solutions are to be prepared weekly.

6.0 Sample Preservation and Containers
6.1 Refer to Section 8.0 of/EPA Method 300.0.

6.2 As a rule, LMP, Inc. does not engage in sampling activities and may not have control of field sampliing

activities conducted by clients I lowever, each analytical method has specific container and preservation

(chemical and/or temperature) requirements, which are essential to ensure the validity of the laboratory's
data.

6.3 This technical standard operating procedure must contain information regarding the preservation
requirements and recommended containers for the samples, as it pertains to a specific analysis. Refer to

LMP's Sample Lon in Pocedures SOP for requirements concerning containers and preservation
requirements.

6.4 The holding time for the specific method must be documented in the standard operating procedure. The

holding time begins at the onset of taking a sample, not when it arrived at the laboratory. Refei to the

LMPs apeLa'rcdrs SOP for holding time requirements Holding time for extraction is

defined as the number of days from sample collection (e.g , sample date) to extraction.
6.4.1 1-bolding time for analysis is defined as the number of days from sample extraction in the laboratory

to date injected/analyzed by the instrument.

The Standard Operating Procednie has been prepared for thle sole use of Laboratory Managemcnt Partners, tic.
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6.4.2 Figure I below lists sample preservation and holding times for the anions.

Figure I - Preservation and Hlolding Times
Analyte Preservation 1-loldine, Time
Bromide None required 28 days
Chloride None required 28 days
Fluoride None required 28 days
Nitrate-N Cool to 40C 48 hours
Nitrite-N Cool to 40C 48 hours
Nitrite/Nitrate N 112S04 Pi11 < 2 28 days
Phosphate Cool to 40C 48 hours
Sulfate Cool to 40 C 28 days

Note: If the determined value for a sulfuric preserved combined nitrate/nitrite exceeds 0.5 mg/L as N, a
resamuple with no preservation must be analyzed for the individual concentrations of nitrate and nitrite.
6.5 The method offpreservation and the holding time for sample analysis are determined by the anions of

interest. The anion that requires the most preservation treatment and the shortest holding time will
determine the preservation treatment, All samples will be stored at 40C for all analytes of interest.

7.0 Calibration and Standardization
7.1 Refer to Section 10.0 of EPA Method 300.0.
7.2 Ion chromatographic operating parameters for NIL)L and retention timtes are- outlined in Section 9.0.
7.3 For each analyte of interest, a blank and five standards wvill be Used for calibration. Refer to Table 6.
7.4 U sing injections or 25 p L, of each calibration standard tabulate peak height ur area response against the

a na lyte concentration. Thie results are used to prepare a calibration etirye for each analyte. The retention
tires are recorded and used to determine relent ion time wvindows lor ainalyte identification. The width of
the retention itime Window used to make identilications is based upon measurements of actual retention
tme var iations of standards over the coilrse of 72 hours. Three times the standard devi ation of a retention

time is used to calculate a suggested window size for each analyte. I lowever. the experience of thie analyst
shotild weigh heavily in the interpretation of chromnatograriis.

7.5 The calibration ctirve is verified onl each working day, whenever the anion eluent is changed, and after
every 10 samples. If the response or- retention (time for any anial yte varies from the ex pected val Les by more
than +1-10%, the standard must be reanalyzed using fresh calibrat ion in ixes. If the results arie still more
than WY-10, a new calfibrat ion curve must be prepared lot that anal yte.

7.6 If a sample's ana lyte concentration exceeds the calibration range for that particular analyte, the sample
must be diluted in so that the final concentrations fall within the calibration range No analytical results
may be reported where sample concentiation exceeds the concentration of the highest calibration standard
for the analyte of interest.

The Standard Operatring Procedur e has been prepared for the sole use of Labora)toy Managemern~t Partners, Inc.
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8.0 Analytical Procedure
8.1 Refer to Section 1 1.0 of EPA Method 300.0.
8.2 Figure 2 below summarizes the mean estimated retention times for all analytes in this method derived from

the current retention time window study and shall be used in the dletermiination of the presence of a

particular analyte

Figure 2 - Estimated Analyte Retention Times

Analyte Mean Retention Time (min.) SD
Bromide 5.94 0.05
Chloride 4.02 0.02
Fluoride 2.86 0.01
Nitrate 6.89 0.06
Nitrite 4.77 0.03
Ortho-Phosphate 9.07 0.05
Sulfate 10.54 0.08

8.3 A well mixed sample is loaded on the auto-sampler, flushing the 25 fiL injection loop for 2 5 minutes after
all system calibration criteria has been met.

8.4 The response for each analyte identified is used to calculate the sample concentration. If the response for
the peak exceeds the working calibration range of the system, the sample must be diluted with deionized
water and reanalyzed.

Note: Retention time is inversely proportional to concentration. Nitrate and sulfate exhibit the greatest amount of
change, although all anions are affected to some degree. In some cases this peak migration may produce poor
resolution identification
8.5 Soil Samples
8.6 The following extraction should be used for solid materials: Add an amount of reagent water equal to ten

times the wveight of dry solid material taken as a sample. This slurry is mixed for ten minutes using a
magnetic stirring device, The resulting slurry is filtered prior to injection using a 0.45 ptm membrane filter.

Analyze as in Section 9.3 above.

9.0 Calculations
9.1 Refer to Section 12.0 of EPA Method 300.0.and Section B.4 of the Dionex Peaknet Software Users Guide.
9.2 The Dionex Peaknet Software generates a calibration curve for each analyte. This laboratory exercises

external standard quantitation procedures. The software plots instrument response verses analyte
concentration, The sample concentration is computed by comparing sample response with the standard
curve. All results are multiplied by any dilution factor.

The instrument calculates sample concentration by the following equations:

Ac = Function(Rc)
Where:

Ac amount of the analyte in the calibration standard
Function = a forin of the current calibration curve function
RC is the response of the analyte in the calibration standard

After the response factors for the components in the calibration standard have been determined, the sample can be
injected and the response-corrected concentration of the components are calculated as:

Cs - Function (Rs)*Vc*Ds
Vs

Where

The Standard Operating Procedure has been prepar ed for the sole use of L-aboratoiy Management Partners, Inc.
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Cs = the concentration of the analyte in sample
Function = a form of the current calibration curve fumnction
Rs = the response of the analyte in the sample
VC= is the volume of standard injected (25 ul)
Vs = the sample volume injected from the Method or Schedule
Ds = the dilution factor fromt the Method or Schedule for the sample

9.3 Refer to the PeakNet Software Manual, Section 8, Quanlitation Techniques for details on calculating the
slope and y-intercept for a linear curve fit.

9.4 All results reported must fall between the lowest and highest calibiation standard. Samples exceeding the
highest standard should be diluted and reanalyzed.

9.5 Report results in mng/L or mig/Kg.

10.0 Quality Control
10.1 Refer to Sec/jo,, 9.0 ofEPA Method 300.0.
10.2 Document general quality control objectives, where applicable, to thre test method and thle manner in which

they are implemented.
10.3 All quality control measures shall be assessed and evaluated onl anl on-going basis, Quality control

acceptance criteria shall be applied and used as a tool to determine the validity of the data.
10.4 Refer to the Oualitv Manual for summary of overall QC procedures and evaluations to be employed. The

QMV will support overall reference method QC requirements.
10.5 The laboratory has documenC~ted procedures for the acceptance/rejection criteria as, dictated by thle reference

method.
10.6 The quality control requ ierenents for this procedure consist of an initial calibration yenificat ion, daily

analysis of a reagent blank, daily calibration standlard, laboratory control samples, matrix spike samples,
and continuing calibration verification standards.

10.6.1I Initial Cal ibrat ion Verification (ICV)/ Conti Thing Calibration Verification (CCV or DCS).
For all determinations, ain IC V and reagent blank are anailyzed at thie beginning of the shi ft, followed by
CCVs and reagent blanks after every tenth sample. Thie ICV/CCV is defined as a mid-range check
standard, obtained from a different vendor, (certi fied second source), wvith respect to thle initial
calibration standards. Thle I CV/CC V inust be within +/- 10%A offthe stated val te. If the calibration
can not be yen ife wc vith in these spec ifled li mi ts, siample andalysis nay not continue, and thle source of thle
problem must be identified and corrected. All sam11ples m1Ust be bracketed by anl acceptable CCV. If a
CCV fails the specified limits, all samples analyzed pi lor to the failing CCV must be reanalyzed.

10.6.2 Method Blank : Analyze at least one reagent blank with each analytical batch of samples (defined as
10 samples) or daily, whichever is more freqluent. Data produced fromi this quality control sample is used
to assess contamination from11 thle laboratory env ironnient. Va! tes above thle MDL indicate laboratory or
reagent contamination and corrective act ion must be takenl.

10.6.3 Laboratory Control Sample (LCS): Analyze at least one LCS with each analytical batch (defined as
1(1 samples) or daily, whichever is more frequent. Thle accur acyof this quality control sample is
calculated as percent recovery. If the recovery of any analyte of interest falls outside thle established
control limits, that analyteis jUdged to be out of control, and the source of the problem should be
identiflied and resolved prior to continuing analyses. These limits are determnined using +/- 3SD (three
times the standard deviation).

10.6.4 Current Quality Control Limits
T[his laboratory has uses the method default laboratory control limits. Refer to Table 7.

10.6.5 Matrix Spike and Matrix Spike Duplicate: A matrix spike and at matrix spike duplicate must be
dna lyzed with each analytical[ sequence. Calculate the percent recoveries and monitor against thle
recoveries inl sect ion above. Note any iiatrix effects when Iapplicable or when outli ens are encountered.
Refer to Table 7 Par acceptable r ecoveries and RPD ranges.

Thie Standard Operating Procedure has been prepared fori the sole use of Laboratory Management Partners, [inc.
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11.0 Method Performance
11.1 Refer to Section 13.0 of EPA Method 300.0
11.2 Linear Calibration Range - The linear calibration range must be determined initially and verified every six

months or whenever a significant change in instrument response is observed. This linear calibration range
typically consists of a minimum of a blank and three calibration standards For all analytes determined by
this procedure, this laboratory will use a minimum five-point calibration to ensure linearity for all portions
of the analyte curve.

11.3 Retention Time Window Stuidies -Refer to the QM.

12.0 Corrective Action for Outlier Conditions
12.1 Any non-conformance must be brought to the attention of the appropriate Section Supervisor. A Sample

Casualty Report must be filled out with details regarding the non-conformance. All corrective actions must
be approved and verified by follow-up by the Section Supervisor. The QA Officer or the Project Manager
must be notified in those instances where the initiated corrective action does not correct the situation. This
entire process should normally be completed within 72 hours.

12.2 Non-conformances and corrective actions are addressed in the Non-conformances and Corrective Action
SOP. Refer to these documents for further details and instructions. For analytical outliers for this method,
the following corrective measure may be taken. These may include, but not limited to:

ol Reanalysis of the initial calibration standards

Li Reanalysis of the Quality Control Sample

o Replacement of the guard column

Li Replacement of the analytical column

o Cleaning of both the guard and analytical columns

ol Preparation of fresh eluent

ol Onsite visit from instrument manufacturer

The source of the problem must be identified and corrected prior to continuing xvith the analyses.

13.0 Preventative Maintenance
13.1 Method requirements may indicate the implementation of preventive maintenance as part of the oveiall

regime for the pr ocedure. In such case, it shall be included as part of the standard operating procedure.
Likewise, the preventive maintenance procedure must be documented in the instrument maintenance
logbook or applicable logs These logs will also be generated, maintained, archived and stored according to
details listed in Section 16. Consult the instrument manual for details onl maintenance of the ion
chromatography system.

14.0 Data Reduction, Assessment and Validation

14.1 A system for the review, reduction and reporting of analytical data is detailed in Data Reduction and
Review SOP

14.2 The ion chromatography system employed at this facility will generate a result based on the initial
calibration curve upon which the sample and QC are compared, (i.e. external calibration)

15.0 Record Keeping, Tracking and Archiving
15.1 This facility will maintain all documents generated with a specific tracking number or unique identifier that

will allow tracking and archiving. Refer to Document Control Procedure SOP for procedures All logs
generated must be recorded in the Record Logbook for 'Tracking of Extraction, Maintenance and Run Log.

15.2 Each document/log generated will be assigned a unique Document Tracking, DT, number that is traceable
to the date of issuance. Likewvise, this identifier will assist in retracing it back into the Record Log and will
indicate the box number assigned to store the document upon archiving. ]In support of these activities anl
electronic database is maintained documenting an index of'archived documents.

Refer to the Document Control Procedures SOP.

Thre Standard Operating Proceduie has been prepared tor the sore use of Laboratory Management Partners. Inc.
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16.0 Training and Training Validation
Employee training on documented procedures may be found in the Employee Training SOP.
Demonstration of the employee's training in the specific procedures involved in this method may be found in the
Training Documents Log This documentation includes all in-house and outside training received and include
items such as proficiency testing and infornmation onl performance testing results. A Demonstration of Capability
is onl tile for each analyst performing the test.

17.0 Data Validation
Refer to the Data Reduction and Review SOP.

18.0 health and Safety
Refer to the Chemical I lyiiene Plan and Laboratory Safety Plan SOPs.

39.0 Waste Disposal and Pollution Management
Refer to the Waste Managiement Plan SOP for waste (disposal procedures.

20.0 References
O LMP's IDefinitions, Acronyms, Symbols and Abbreviations Policy
Ol E7PA, lDetermination of Inorganic Anions by Ionl Chrornatogi aphy Revision 2. 1, August 1993

O Solid Waste Manual, SW846 Update III, December 1996.

O U.S. Army Corps of Engineers (USACE) Shell lbr Chemical Analytical Requirmecnts Version 1.0 2 NOV
998.

O Stanidard Methods for thle Examination of Water and Wastewater, I 8th Edition.

O EPA, Methods for Chemical Analysis of Waler and Wastes, EPA -600/4-79-020, March 1983

o NELAC, Quality Systems, Revision 15, May 25, 2001.

O NEFLAC, Priogramn Policy and Structure, Revision 13. J tne 29, 2000

oJ 40 CFR Part 136 Appendix A.

O FPA Guidance fur Preparing Standard Operating Procedurles (SOPs), FPA QA/G-6. EPA/240/B-0 1/004,
Maich 2001

o USEPIA 2185 - Good Automated Laboratory Practices

ol USIEPA 600/4-79-020, Methods for Chemnical Analysis of Water andt Wastes, March 1983.

oi OSI IA Laboratory Standard, 29 CFR 1910.1450

O OSI IA Compliance Guide, Kirk II. Ray, 8h' Edition.

Oi I'roposcc/ OSIJA Safrtv and I/caltih Standards, Lahcao-trics ", Occupatianal Safety and I eal th
Admninistration, 51 FR 26660, July 24, 1986.

0 Laboratory Safety in Practice. A Comprehensive Compliance Program and Safety Marnual.

O 'Sa/ev hi AIca~demic Chenmisrv Lahoratories ". Amer can Chemnical Society Publication, Committee on
Chemical Safety.

O- "Care inogen s - Workbing wil ih CarcinJogen s- D ep ait in ct of t.IeaIt h, EdL ainand \Veli tre, Pub lie IHealIthI
Service, Center for Disease Control, National Institute for Occupational Safety and H ealth, Publication No.
77-206, August 1977.

o Dionex Peaknet Softxvare Users Guide
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Table I - Equipment, Instrumentation and Apparatus

Item Description Manufacturer Catalog/Part#
DX- 500 Ion Chromatography Systemn Dionex
Cd 20 Conductivity Detector Dionex
OP Gradient PumIp Dionex

EOI Fkluent Organizer Dionex
PcakNet Chromatography Dionex
Datisysteni
Anion Guard-IONPAC AGI14 Guard Dionex 046134
Column (4 x 50 mmn)
Anion Analytical Column-IONPAC Dionex
AS514 Analytical Column (4 x 250
mmn)
Anion Suppressor Device- ASRS II Dionex
Anion Se! f-RegulatingSuppressor _________________ ___________________

Gradulated Mixing Cylinders -50 ndL Fisher 08-549-51D
5.0 NK nl- Vial with cap Dionex 038141
2 nl- Disposable Pipette Fisher 13-678-25C
Magnetic Stir P'late Corning PC-353
Te lion Stir Bars- Various Sizes
Beakers, ISO mL Fisher 02-540-J
Filtration Apparalus Gelman
0.45 pmn Membrane Filters Whatman 0990-210

The Standard Operating Prtocedure has been prepared for the sole use of Laboralory Management Partners, Inc.
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Table 2 - Certified Solutions

Standard ID Vendor Catalog #Concentration
Sodium Carbonate Dionex 037162 0.5 M

Sodium Bicarbonate Dionex 037163 0.5 M

Fluoride Crescent CCS-803 5.0 mg/L

Bromide Crescent CCS-803 10 mg/L

NRit-rite Crescent CCS-803 20 mg/L

Chloride Crescent CCS-803 40 mg/L

Nitrate Crescent CCS-803 40 mg/L

Phosphate Crescent CCS-803 40 mg/

Sulfate Crescent CCS-803 50 mg/L

Sulfuric Acid, 0.02N Fisher SA226-4 0.02 N

Second Source: _ _ _ _ _ _ _ _ _ _

Fluoride SCP Science 904-6E4-001 5.0 mg/L

Bromide SCP Science 904-6E4-001 10 mg/L

Nitrite SCP Science 904-6E4-00l 20 mng/L

Chloride SCP Science 904-6E4-001 40 mg/L
Ntate SCP Science 904-6E4-001 40 mgL

Phosphate SCP Science 904-6E4-00140mL

Sulfate SCIP Science 904-6E4-001 50 ing/L

Refer tolTable 6 for the Initial Calibration dilution schedule.

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management Partners. Inc.



8772161
Laboratory Management Partners, Inc. Procedure No. SOP/QA. .01
Standard Operating Procedure Page 12 of 16

Revision No.: 01
Effective Date: 09/01/04 Supersedes SOP:

Table 3 - Dilution Schedule Solutions

Solutions listed here are made as intermediate solutions to be used in the preparation of a working standard for
instrument calibration/verification or for spiking solutions, which will be added directly to samples during preparation.
All soltitions are prepared in water unless otherwise noted.

Standard ID Solution ID Volume Final Volume Concentration
__________________ mgL mL mL mg/L

El- CCV (DCS) Stock 25 50 2.50
Cl- CCV (DCS) Stock 25 50 20.0
NO, CCV (DCS) Stock 25 50 3.05
Br- CCV (DCS) Stock 25 50 5.00
NO, CCV (DCS) Stock 25 50 4.52
p04 C C V (DCS) Stock 25 50 6.52
SO, CCV (DCS) Stock 25 50 25.0

I-Itiellt Solution 0.5 M Sodium 35.0/10.0 1000)
Carbonate/0.5 M

Sodium
Bicarbonate

FI-LCS/MS Stock 25 50 2.50
CI-L-CS/MS Stock 25 50 20.0
NO2 -LCS/MS Stock 25 50 3.05
Bir-LCS/MS Stock 25 50 5.00
NO3, L CS/M s Stoc k 25 50 4.52
P O, L C S/ M S St ock 25 50 6.5 2
s0 4 LCS/MS Siock 25 50 -25.0

Note: These siandards are from a different lot from the samc provider as the stock soltitions and arc considered a second
SC) lrc C.
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Table 4 - Solution Spiking Levels

Standard ID Solution Volume Final Volume Final Concentration
____________ ID mL mL mg/L

FI-LCS/MS Stock 25 50 2.50
Cl-LCS/MS Stock 25 50 20.0
NO,-LCS/MS Stock 25 50 3.05
Br-LCS/MS Stock 25 50 5.00
NO, L C S / M S S to c k 25 50 4.5 2

P 0 , L C S / M S Stock 25 50 6.5 2

SO , L CS/M S S to c k 25 50 25 .0

T able 5 - R e ag e n ts/ S o lv e n ts

R e a g e n t G rad e M an ufacturer V endor/C at #

W a te r T y p e l hI Ihouse ____________

Regeneration Solution, A C.S Grade Fisher SA226-4
0 02 N Sulfuiric Acid _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

The Standard Oper ating Procedure has been prepared for the sole use of Laboratory Management partners, Inc.
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Table 6 - Working Standards Dilution Schedule

Solution ID Standard ID Volume Final Volume Concentration
___________ ____________ m L nmL mg/L

Br- Stock Br-Cal 4 25 50 5
Br- Stock Br-Cal 5 - 10
Cl-Stock Cl-Cal 4 25 50 20
Cl-Stock Cl-Cal 5 - 40
Fl- Stock Fl-Cal 4 25 50 2.5
Fl- Stock Fl-Cal 5 - 5
NO, Stock NO, Cal 4 25 50 3.05
NO 2 Stock NO2 Cal 5 - - 6.09
NO, Stock NO, Cal 4 25 50 4.52
NO, Stock NO3 Cal 5 - - 9.04
10., Stock P0, Cal 4 25 50 6.52
P04 Stock P04 Cal 5 - 13
$04 Stock SO4 Cal 4 25 50 25
SO4 Stock So4 Cal 5 - 50
Stock Br-Cal I 2 200 0.1
Stock Br-Cal 2 5 50
Stock Br-Cal 3 25 100 2.5
Stock Cl-Cal I 2 200 0.4
Stock Cl-Cal 2 5 50 4
Stock Cl-Cal 3 25 100 10
Stock Fl-Cat I 2 200 0.05
Stock Fl-Cal 2 5 1 50 0.5
Stock Fl-Cal 3 25 100 1.25
Stock NO2 Cal I 2 200 0 061
Stock NO2 Cal 2 5 50 0 61
Stock NO2 Cal 3 25 100 1.52
Stock NO3 Cal I 2 200 0.09
Stock NO, Cal 2 5 50 0.904
Stock NO3 Cal 3 25 100 2 26
Stock P104 Cal I 2 1 200 0. 13
Stock P0 4 Cal 2 5 50 1 .3
Stock P0 4 C al 3 25 100 3.26
Stock SO., Cal I 2 200 0 5
Stock SO., Cal 2 5 50 5
Stock SO4 C al 3 25 100 12.5
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Table 7 - Percent Recoveries & RPD's

Analyte Ion LCS MS/MSD MS/MSD
% Rec. % Rec. RPD Range

Bromide Br- 90-110 80-120 0-20

Chloride Cl- 90-110 80-120 0-20
Fluoride Fl- 90-110 80-120 0-20
Nitrite NO2 90-110 80-120 0-20
Nitrate NO, 90-110 80-120 0-20
Ortho-Phosphate OP3- 90-110 80-120 0-20
Sulfate so, 90-110 80-120 0-20

Table 8 - Detection Limits

Analyte Aqueous NIDL (mgIL) Aqueous MIQL (mg/L)
Bromide 0.078 0.200

Chloride 0.170 1.00
Fluoride 0,021 0.100
Nitrite 0.28 0.100

Nitrate 0,049 0.100
Ortho-Phosphate 0 i11 0.200

Sulfate 0 253 1.00

The Standard Operating Procedure has been prepared for the sole Use of Laboratory Management Partnrers, Inc
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Batch:_______
Date/Time Analyzed: .._____ Units:_____ Analyst ____

ETC Sample ID SS/DF* F Cl- N02 B r- N03 O-P04 S04
D OS _ _ _

BILK

LOS _ _ _

LOS % Rec ___

M s _ _ _ _ _ _ _ _ _ _ _ _

MSD

MS/MSD%Rec ___

ELK

LOS % Rec

Ms _ _ _

MSD
MS/MSD%Rec I___

BLK _ _ _

LCS

LOS % Rec

LCS Values mg/L: 2.50 25.0 4.57 5.00 4.52 6.52 25.0
Analyst:________ SSIDF*= Sample Size/Dilution Factor OCS SRN:_______
Supervisor:________ Initial Calibration Date:_______MS SIRN:________

Amount of Spiking Solution:

The Standard Operating Procedutie has been pr eparedl for the solec use of Laboratory Management Pat rters, I nc.
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Alkalinity by Titration

EPA 3 10.1

Prepared by: ___________ _____

Michael Kauffman, Technical Director

Approval: ___________ ____

Scott McKee, President
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1.0 Scope and Application
Alkalinity of water is its acid-neutralizing capacity. It is the sum of all bases that can be titrated. It is taken as auleasurement of carbonate, bicarbonate and hydroxide concentrations.

2.0 Summary of Method
Samples are tnitrted with a standard sulfuric acid solution to an endpoint of p1 1 4.5. The endpoint is determined with the
use of a pi I meter.

3.0 Interferences and Potential Problems
3.1 Solvents, ieagents, glassware and other sample processing hardware may yield artifacts ofinterferences to sample analysis. All these materials must be demonstrated to be free from

interferences under the conditions of the analysis by analyzing method blanks. Specific selection of
reagents and solvents may be necessary.

3.2 Glassware contamination can result in analyte degradation: Soap residue on glassware may cause
degradation of certain analytes. This problem is especially pronounced with glassware that may bedifficult to rinse. These items should be hiand-rinsed very carefully to avoid this problem. Chromic
acid that is not completely rinsed will cause similar problems with analyte degradation and should be
carelbtlly rinsed to avoid this problem. Refer to the SOP for cleaning of laboratory glassware.

3.3 The sample in st not be filtered, diluted, concentrated, or altered in any way

4.0 Equipment and Apparatus
4.1 Jenco pI I meter

4.2 Beakers of various sizes

4.3 Buluet

4.4 Magnetic stiirer

4.5 Dioppei

5.0 Reagents and Standards
5.1 Policy

Reagent grade chemicals shall be used in all tests. Unless otherwise indicated, it is intended that allreaigents shall conform to the specifications of the committee on Analytical Reagents of the Amnerican
Chemical Society, where such specifications are available. Other grades may be used, provided it isfirst ascertained that thie reagent is of sufific ient ly high purity to permit its uise without lessening theaccuracy of the determination. All reagenits/solvenits/.stanidar-ds must conform to the specifications of
thie Committee on Analytical Reagents of the American Chemical Society, where such specifications
aire available.
All reagenits/solventis/s(~tandards must be traceable tisi ng the Solution Validation Quality Assurance
Progiram (SVQAP). This program is detailed in the Quality Manual.

5.2 Reagent~s

5.3 Solutions/Standards

Standard sulfUric acid solution, 0 02 N; (Ricca brand)

6.0 Sample Preservation and Containers
6.1I As a rUle, LIVMP Itinc. does not engage in sampling activities, II owever, each analytical mnethod hasspecific container and pi eservat on (chemical and/or temperature) requirements.

'lie Stinardid Operating Procedui e has been prepared for the sole use of Laboratoiy Management Partners, Inc
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Refer to EPA 3 10.1 for guidance concerning containers, preservation and holding time.

6.2 Il1olding Times

6.2.1 Samples should be stored and refrigerated at 4oC

The sample should be mun as soon as practical. Do not open the sample bottle before analysis.

7.0 Procedure
7.1 Alkalinities above 20 mg/L

7.1.1 Calibrate p1I] meter per manufacturer instructions. Rinse the electrodes with distilled water.

7.1.2 Transfer 100-mi sample into a 250-mI beaker and record the sample volume on the work

sheet. The sample must be at room temperature prior to measurement.

7 1 3 Fill a buret with 0.02 N sulfuiric acid and record the initial reading.

7.1.4 Stir with a magnetic stirrer being sure not to agitate the sample excessively and cause the loss

of carbon dioxide.

7.1.5 Immerse the calibrated pH probe in the sample and continue stirring.

7 1.6 Slowly add, dropwise, the Sulfuric acid until pi1.1 4 5.

7.1.7 Record the final reading of the buret.

7.2 Alkalinities below 20 mg/L

For alkalinities less than 20 mg/L titrate 200 ml according to Procedure A using 0.02N Standard Acid

Solution Stop the titration at a pI I in the range of 4.3 to 4.7 and record the volume and exact plII. Add

additional titrant to reduce the PI I exactly 0.30 pl- and again record volume.

8.0 Quality Control/Quality Assurance/Corrective Action

8.1 Duplicate analyses will be performed on a daily basis or at a nminmumn of every 10 samples, whichever

is more frequent

8 2 Control limits are available and will be recorded on the QC sheet If any quality control data fall

outside the QC limits, the analyst MUST notify the supervisor IMMEDIATELY. All deviations

MUST be noted on the QC data sheet as well as corrective actions. The QC Officer MUST be notified

of all infractions.

8 3 Corrective Action - Corrective Action is the process by which problems within the laboratory are

identified, proper personnel are notified, the problem solved orjustified, correction implemented and

the Corrective Action documented.

9.0 Calculations
9.1 Calculation for Alkalinities above 20 mgIL.

A * B * 50000
Alkalinity as calcium carbonate (mg/L) = ~

C

Where:
A - ml sulfuric acid titrant

B = nornwality of sulfuric acid
C -ml sample size

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management Partners, Inc.
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9.2 Calculation for Alkalinities below 20 mg/L:

Alkalinityas calciumn carbonate (nig/L) = (2A -B)t* N *50000
C

Where:
A = nil titrant to first recorded pi]
13 = tiil titrant to reach pl 1 0.3 units lowers
N = Normality of sulfuric acid
C = mL. sample

10.0 Data Validation
Refier to the Laboratory Quality Manual.

1 1.0 Waste Disposal
Consult the Waste Management Plan.

1 2.0 Health and Safety
See the Chemical -lygiene and Laboratory Safely Plans.

13.0 Training & '[raining Validation
See the Laboratory Employee Training SOP.

14.0 References
1 4. I Carcii ogens - I Woking with/ Curtinolges '', I)e part me it of. I leaIt h, Edutca lion anid We Ifare, Publi c

IHealth Service, Center for Disease Control, N at onal Instittite for Occupational Safety and I-lealth,
Publication No. 77-206, AIigtiSt 1977.

14.2 "OSI IA Safety and Ilea Ith Standards, General [nduhstiy', 29 C P1(1910.

14.3 I'roposed OSIIA Saety andihealth Stanc/ads, Labornatories '", Occu~pational Safety and I- lealth
Admin ist ration, 5 I FR 26660, Juily 24, 1986.

14.4 "Sa/btv hi A1cademnic Che~nnstri Laboratorics"', Amlen can Chemical Soci ely Publication, Comimittee on
Chemical Safety.

14.5 Standard Methods, I8" XLIEdition, Method 232013.

14.6 Methods for the Chemiical Analysis of Water and Wastes, EPA-800/4-79-020. March 1983, Method
3 10.1.

14.7 U.S. Army Corps of Engineers (USACE) Shell for Chemical Analytical R~equirements, Appendix 11.

Tlhe Standard Opera1ting ProceureW has been prepared for the sole use of Laboratory Management Partners, Inc.
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The Standard Operating Procedure has been prepared for the sole use of Laboratory Management Partners, Inc.



87721 71
Laboratory Management Partners, Inc. Pro cedure No. SOP/IA.376_2.01
Standard Operating Procedure Page 1 of 5
Sulfide by EPA Method 376.2 Revision No.: 01
Effective Date: 09/01/04 Supersedes SOP: A14500S5.doc

Determination of Sulfide by

EPA Method 376.2

Prepared by: ___________ _____

Michael Kauffmhan, Technical Director

A pproval: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Scott McKee, President
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1.0 Scope and Application
This method is used to indicate the presence of free sulfide ion, S'2, dissolved hydrogen sulfide or as metallic sulfides
commonly found in sewage and industrial wastewaters.

2.0 Summary of Method
The sulfide test is based on the ability of hydrogen sulfide and acid-soluble metallic sulfides to convert n,n-dimethyl-p-
phenylenediamine oxalate directly to methylene blue. The intensity of the blue color developed is directly proportional to
the amount of sulfide present in the original to the amount of sulfide present in the original sample.The amount of

methylene blue is measured spectrophotometrically.

3.0 Interferences and Potential Problems
3.1 Solvents, reagents, glassware and other sample processing hardware may yield artifacts of

interferences to sample analysis. All these materials must be demonstrated to be free from
interferences under the conditions of the analysis by analyzing method blanks. Specific selection of
reagents and solvents may be necessary.

3 1.1 Glassware contamination can result in analyte degradation: Soap residue on glassware may
cause degradation of certain analytes. This problem is especially pronounced with glassware
that may be difficult to rinse. These items should be hand-rinsed very carefully to avoid this
problem. Chroinic acid that is not completely rinsed will cause similar problems with analyte
degradation and should be carefully ninsed to avoid this problem. Refer to the SOP for
cleaning of laboratory glassware: SigclnO3.doc.

4.0 Equipment and Apparatus
4.1 Equipment

4.1.1 25 mL graduated cylinders

4.1.2 I mL calibrated droppers

4.1 .3 Spectronic 20 spectrophotometer

5.0 Reagents and Standards

5.1 Policy

5.1 .1 Reagent grade chemicals shall be used in all tests. Unless otherwise indicated, it is intended
that all reagents shall conform to the specifications of the committee on Analytical Reagents
of the American Chemical Society, where such specifications are available. Other grades may
be used, provided it is first ascertained that the reagent is of sufficiently high purity to permit
its use without lessening the accuracy of the determination. All reagents/solvents/standards
must conform to the specifications of the Committee on Analytical Reagents of the American
Chemical Society, where such specifications are available.

5.1.2 All reagents/solvents/standards must be traceable using the Solution Validation Quality
Assurance Program (SVQAP). This program is detailed in the Quality Manual

5 2 Reagents

5.2.1 HACI I Sulfide I reagent

5.2.2 H-ACHl Sulfide 2 reagent

5.2.3 Deionized water

5.3 SoIlutions/Standards

The Standard Operating Procedure has been prepared for the sole use of Labonatory Management Partners, Inc.
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6.0 Sample Preservation and Containers
6.1 As a rule, LMP, Inc. does not engage in sampling activities. H owever, each analytical method has

specific container and preservation (chemical and/or temperature) requirements.

6.1.1 Refer to EPA Method 376.2 for details.

6.2 H olding Times

6.2.1 I lolding Time for extraction is defined as the number of days from Sample Collection (e.g.
Sample Date) to extraction.

6.2.2 H olding time for this procedure is 7 days. The sample is preserved with NaOI I to a pHI
greater than nine and maintained at a temperature of 4C.

7.0 Procedure
7.1 If samples are clear Di-water may he utilized to zero the spectrophotomneter.

7.2 Take a sample of Di-water and place in cell holder of spectrophotonreter whose wavelength has been
adjusted to 670 urn. If samples exhibit varied turbidity, anr original untreated sample will be used to
zero the spectrophotonieter.

7.3 place enough of-the original sample in the cell holder and again adjust to 670 Inn. Adjust the
instrument to zero absorbance.

7.4 Take a water samnple and fill a 25 nil- mixing cylinder wvith 25 in L of saimpl e or a sum 11er al quot
diluted 10 25 nmL.

7 5 Uising the I nml- calibrated dropper add I il- of'sulftide I reagent to the gradUated cylinder, stopper and
invert slowly to mrix.

7.6 U sing the I nml. calibrated dropper acid I nil-I of'sulfide 2 reagent to the gradLuated cylitnder,, stopper,
and invert slowly to mix. A blue color develops if su ifi des ate present; a p ink color indicates no0
suill-ides. Al low 5 Minutes for the color to fully develop be fore taking the reading. Place in cell holIder
dnd recotrd the absorbance on the workshecet. Refer to so I ide concentration chai t to determine actual
Su~lfide concentration.

8.0 Quality Control/Quality Assurance
8. I A driplIicate, blank and LCS must be run on a daily basis or a( t a inittmum of one every 10 samples.

8.2 The workshieet must be completed, initialed, and dated.

8.3 Control limits will be available and the analyst land su~pervisor Short d have these limits on hand. These
limit~s will be recorded on the QC data sheet, The data should fallI with in the upper and lower control
limits. Should the QC data fall] outside the QC limits the analyst must noitiy their Supervisor
immediately. Note all deviations on the QC data sheet as well ats corrective measures. The QA Offticer
should be noti tied of all in fract ions.

9.0 Calculations
Not applicable.

1 0.0 Data Validation
Rlefr to the [Laboratory Quality Manu1al.

1 1.0 Waste Management
Refer to the Waste Management Plan.

The Standard Operating Procedurle has been prepared for the sole rise of Laboratory Management Partners, Inc.
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12.0 Health and Safety
Consult the Chemical Hygiene and Laboratory Safety Plans.

13.0 Training & Training Validation
Refer to the Employee Training SOP and QM.

14.0 References
14 1 "Carcinogens - Working with C'arcinogens ", Department of Health, Education and Welfare, Public

l-ealth Service, Center for Disease Control, National Institute for Occupational Safety and Health,
Publication No. 77-206, August 1977.

14.2 "OSHA Safety and Health Standards, General Industry', 29 CFR 191 0.

14.3 "Pr oposed OSHA SafL'tv and Health Standards, Laboratories ", Occupational Safety and Health
Administration, 51 FR 26660, July 24, 1986.

14.4 "Saifety iii Academnic Chemistry Laboratories ', American Chemical Society Publication, Committee on

Chemical Safety.

14.5 Standard Methods, IS8' Edition.

14.6 Code of Federal Regulations 40 CFR Part 136.

14.7 U.S. Army Corps of Engineers (USAGE) Shell for Chemical Analytical Requirements, Appendix H.

14.8 EPA Methods for Chemical Analysis of Water and Wastes, EPA 600\4-79-020.

the Standard Operating Procedure has been prepai ed for the sole use of Laboratory Management Partners, Inc
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TCLP Extraction by Method 1311

And SPLP by Method 1312

Prepared by: ___________ _____

Michael Kauffman. Technical Director

Approval: ___________ ____

Scott McKee, President

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc
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1.0 Scope and Application

1,1 This SOP describes the preparation of samples for organic and inorganic analysis by EPA Method
13 11, the Toxicity Characteristic Leaching Procedure (TCLP) and Synthetic Precipitation Leaching
Procedure (SPLP). TCLP/SPLP extraction is used to determine the mobility of analytes in an acetic
acid buffer solution.

1.2 Sample/Reagent H andling Cautions

1.2.1 Th'le solvents and reagents used in this extraction procedure are hazardous if improperly
handled. Care must be taken during preparation and use of the acetic acid, hydrochloric acid,
nih ic acid, and sodium hydroxide solutions.

1.2.2 The acetic acid extraction fluid in thle nonvolatile extraction vessels may react with
carbonates in the sample to form C02 gas. Pressure buildup could poterntally cause the
vessels to explode. The vessels should be periodically vented during thle extraction, and once
again prior to removal from the rotation apparatus to prevent this occurrence.

1.2.3 Proper precautions must be taken when using pressurized nitrogen during the filtration and
pressurization procedures.

2.0 Summary of Method

2.1I The wvastes aire initially characterized and defi ned by matrix (liquiiid, solid, or mixed phase) and by p1 1.
This prel in naiy characterization determinnes the type of t TL P extract ion proced Lre to be applied.
Wastes containing less than 0.5 percent dry solid malci ialI are clfassi lied as liquid wastes and, after
filtration, are defined as the final T1CLP extract. If' the wastes contain gieater than or equal to 0.5
perceni solids, the liqp1id, if any, is separated from thie solid phase and stored for latter aim lysis. The
solid phase is extracted with anl amount ofextraction fluid eq cial to 20 times the weight of the solid
Phase. Samples for- volati les analysis are extracted in a special pressurized extraction vessel
[7 xi ractions are conducted for a per iod of I 8 hotirs, followed by analysis of'the extract by ,approved
17 PA methodology.

This method is applicable to Iliquid, solid, and muIti iphasi c wastes fC L P extract ions need not be
performed for those samples shown, by previous ,analysis, to contain levels of anatlytes that Could not
possibly exceed thie TCLP regulatory limits. If any regulated compound in ain extract exceeds the
regulator1y Iin its, thie waste is determined to be hazardous. The i enaini ng 'tCLIP fractions need not be
analyzed.

3.0 Interferences and Potential Problems

3.1 Solvents, reagents, glassware and other sample processing hardware may yield arti facts or
interfierences to sample analysis. All these macteials must be demnonstrated to be free from-
interferences Lunder the Conditions of the analysis by the extracution and Canalysts ofimethod blanks.
Specific selection of reagents and solvents may be necessaiy.

3.2 Refer to method specilkc SOPs for acdidtional detai Is i elated to the particular fiact ion (e.g. mietal s,
I3NAs, VOCs ... ).

3.3 Met hod blanks must be extracted with each preparation batch to demonstrate that the system is free
from method interferences.

II ligh puriity reagents must be used to minimize intei ference problems.

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, hinc
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4.0 Equipment and Apparatus

4.1 Rotary Agitation Apparatus - Five-port, capable of end-over-end rotation at 30 + 2 rpm.
Environmental Express Model, or equivalent.

4.2 Extraction Vessels

4.2.1 Zero-Illeadspace Extraction Vessel (ZHE) - Internal volume of 500-600 mL, and equipped to

accommodate a 90-1 10 mm filter.

4.2.2 0-rings, top and bottom flange, Associated

4.2.3 Bottle Extraction Vessel - Borosilicate medium walled glass, Teflon screw cap, 2.5 L
volume. Plastic I gallon HIDPE container.

4.3 Filtration Apparatus - Stainless steel

4.4 Filtration Apparatus - Buchner funnel with vacuum

4 5 ZHEI Extraction Fluid Transfer Device - 60-mii FIOPE gastight syringe with Teflon stock-cock valve.

4.6 pH- Meter - Corning 320

4.7 Laboratory Balance -Top Loading Ohaus 6T4 100 (or equivalent) capable of weighing +1- 0.01I
gramis.

4.8 Magnetic stirrer

4.9 Thermometer - Monitor TCLP extraction room temperature. Temperature should be 23 0C +/- 20C

4.10 Glassware and Miscellaneous Supplies

4.10.1 Beakers, glass, 250-, 500-, 1 000-, and 2000-nL

4.10.2 Graduated cylinders, glass.. 1 00- and 2000-rmL.

4.10.3 Erlenmeyer flasks, glass, I 000-nmL.

4.10.4 Watch glasses

4.10 5 Glass Mficrofiber Filters - CPI

4.10.6 Acid wash filters used to prepare inorganic samples for TCLP extraction by rinsing with 1 N
nitric acid. Follow by carefully rinsing the filters several times with deionized water.

4.11 Compressed nitrogen

4.1 1.1 Single stage pressure regulator

4.11.2 Flexible tubing capable of withstanding pressures up to 100 psi, with a quick disconnect
attachment.

5.0 Reagents and Standards

5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise indicated, it is intended that all
reagents shall conform to the specifications of the Committee on Analytical Reagents of the American
Chemical Society, where such specifications are available. Other grades may be used, provided it is
first ascertained that the reagent is of sufficiently high purity to permit its use xwithout lessening the
accuracy of the determination.

The Standard Operating Procedure has been piepared for the sole use of Lab Management Partners, Inc.
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5.2 All reagents/solvents/standards must be traceable using the Solution Validation Quality Assurance
Procedure (SVQAP).

5.3 Organic-free reagent water - All references to water in this method refer to organic-free reagent water,
ats defined in Chapter One of SW846

5.4 Glacial acetic acid, ACS reagent grade.

5.5 I lydrochloric acid (I N), ACS reagent grade. Add 83 mIls of concentrated (I + I1) hydrochloric acid to
IlOO0nis of water. Always add acid to water.

5.6 Sodium hydroxide (ION), ACS reagent grade. Weigh 400g; of NaOllI to IlOOOnmls of water. Stir until
dissolved. Caution: This procedure generates heat!

5.7 Nitric acid ( IN), ACS reagent grade. Add 64mls of concentrated nitric acid per I O0OrIs of water.
Always add acid to water.

5.8 Extraction fluid # 1, pi 4.93

5.9 Extraction fluid #2, pl!I = 2.88

6.0 Sample Preservation and Containers

6.1 As a rule, LMP, Inc. does not engage in sampling activities. I lowever. each analytical method has
specific container and preservation (chemical and/or temperatulic) requirements.

6.1 I Reber to thle Qua Ii y Mantial Ifor guidance concern' ng containers, preservation and holding

times.

6.2 I lolding Timies

6.2.1 I IIold ing time for extract ion is defi ned ats thle a timber of (lays from sample collc'clon (e.g.
sample (late) to extraction.

6.2.2 I loId ing itime for analysis is deli ned ats the number of days faino sampl exiraclion in thle
]laboratory to dlate iij ected/analyzed by the instrument.

No'rE: lFor volaitiles(GCCor GC/MS, low level or miedium lievel) holdling timieis always
defined as the number of days fromt sample collection until analysis.

6.2.3 Preservation should not be added to samples before leaching.

6.2.4 IC LP extractions and thle ann lysis of the extracts must be conducted within the time periods
specified in this SOP or other referenced documents. I lowever, analysis of the extracts
should be conducted as soon as possible after the TCLP extraction Extracts to be analyzed
for metalIs must be preserved with nitric acid to a pi I of less than 2, unless precipitation
occurs. If precipitation is observed, follow hie steps onutlied in the following section.

6.2.5 TICLP extractions, preparations, and analyses must be conducted within thle Following time
periods:

6 2.5.1 Fromi Field Collection to TCLP Extraction Volatiles 14 days, Senivolatiles 14 days
Mercury 28 days, Metals, except mercury I 80 days.

6.2.5.2 From TCLP Extraction to Preparation Extraction, Volatiles Not Applicable
Semnivolatiles 7 days, Mercury Not Applicable, Metals, except mercury Not Applicable.

The Standard Operating Procedure hags been prepared for the sole uise of Lab Management Partners, Inc.
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6.2.5.3 From Preparation Extraction to Analysis Volatiles 14 days, Semnivolatiles 40 days,

Mercury 28 days, Metals, except mercury 1S0 days.

Total Elapsed Time Volatiles 28 days, Semnivolatiles 61 days, Mercury 56 days, Metals,
except mercury 360 days

7.0 Procedure
The TCLP preparation procedure can be broken down into four steps:

El Preliminary Sample Evaluation
ol Preparation of Extraction Fluids
Li TCLP Extraction Procedure for Nonvolatile Analytes
Li TCLP Extraction Procedure for Volatile Compounds

7 1 Preliminary Sample Evaluation

A preliminary evaluation of the samples is performed prior to TCLP extraction. The results of the evaluation
determine how the extraction is conducted and how the results are reported. The preliminary evaluation

includes the following:

Li Determination of percent solids
o1 Determination if the waste contains insignificant amnount of solid material, and

is therefore the TCLP extract after filtration.
o, Determination if the solid pant of the waste needs particle size reduction.

o, Determination of the extraction fluid to be used for the nonvolatile extractions,
based on the pi I of the waste.

El Examine the samples. If the samples contain no obvious liquid phase, and

contain pieces of material that exceed I cm in diameter, proceed to Section

7.1 2 for particle size reduction before continuing.

7.1.1 Peicent Solids Determination - The samples are filtered tinder pressure through glass
microfiber filters. The percentage of total sample from which liquid cannot be forced out is
defined as the percent solids.

7,1.1.1 Prior to assembly of the filtration apparatus, clean all parts by washing with soapy
water followed by rinsing with deionized water and reagent grade water.

7.1.1.2 Weigh a Whatmnan glass microfiber filter (grade GF/F, 14.2 cm diameter) and
record the weight on the TCLP preparation worksheet.

7.1.1.3 Rinse the glass filter paper and the metal filter screen with reagent grade water,

Place the filter paper on the screen and in the extractor such that the glass fiber filter
wvill be facing the sample.

7.1 I 4 Attach the bottom flange (the flange without the nitrogen quick disconnect
attachment).

7.1 1.5 Turn the apparatus so that it is right side up. Weigh a 250-mnL beaker, record the
weight on the worksheet.

7.1.1.6 Transfer I100 g (to the nearest 0. I g) of a representative sub-sample of the waste
into a tarred 250 mL beaker. Record the total weight of the waste on the worksheet.

7 1 1.7 Carefully pour or spread the sample onto the filter paper in the cylinder. Material
may stick to the sides of the beaker. Quantitatively determine the amount

The Standard Operating Procedure has been prepared fori the sole use of Lab Management Partners, Inc.
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transferred to the filtration apparatus by weighing the empty beaker, and record the
weight on the worksheet.

Note: If the sample is a mixed phase sample, first decant and filter the liquid portion. After
the liquid has been filtered, transfer the solid material onto the same filter and repeat the
filtering process. If the sample consists of pure oil or solvent, consult the organlics or
lnorganics supervisor before proceeding. Oils are usually treated as solids (oils may or may

not be filterable).

7.1.1.8 Attach the top flange.

7.1.1.9 Attach the nitrogen line to the connector onl the top flange.

7.1.1.10 Slowly apply pressure.

7.1.1.11 Apply pressure in 10 psi increments. Iolad at each step for 2 minutes after liquid
stops comning out. Do not pressurize the apparatus beyond 50 psi

7.1.1 12 If no liquid is forced from the sample, the sample is considered to be I100% solid
waste. Proceed to Section 7.1.3.

7.1.1.13 Open the filtration apparatus.

7.1.1.14 lf it is obvious by looking at the material on thie tiller that a significant amiount
(muore thivan 0.5%) of the material is solcid, go to the appropriate section below.

7.1.1.1 5 t1a smrall ,atlount of residue remains onl the jilter, carefully remove the fileter and
ciry it at 100 ± 2 o C for One hour. Weigh the filter and waste and i ecord the weight
onl the iTCL P worksheet. Return the 1111cr to the oven for jun additional I 5 minutes
and reweigh it to demonstrate that constant weight has been reached. Use thie
following calculation to determ ine thle Percenit Dry Solids:

7.1.1.16 lfthei percent dry solids exceed 0.5%A, go to the appropriate section below. If the
percent dry solids are less than 0.5%, the filtrate becomes thle T[CI.P extract.
Additional sample may need to be filtered to mieet the vol tme req uired for analysis.
After sufficient sample has been fillterd, proceed to Section 7.3 3.

7.1.1.1 7 Weigh the beaker and thle filtrate, record onl the worksheet, and subtraict the initial
beaker weight. The filtrate is the liquid phase. Thle initial sample we iglt m~inus the
weight of the liquid phase is the solid phase weight A percent solid is calculated as
fol lows:

7.1I.1I 18 If the percent solid exceeds 0 5%,, the liqutid, if any, is saved for either fuature
combinat ion with the 'TCL P extract or for separate analysis.

Th le Standard Operating Procedure has been prepared for the Sole use of Lab Management Partners, Inc.
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7.1.2 Particle Size Reduction

The solid portion (0.5% solids) of the samples are evaluated to determine whether particle
size reduction is needed.

7.1.2.1 If the solid material in the sample can pass through a 9.5 mm sieve (less than I cm
in diameter), particle size reduction is unnecessary.

7.1.2.2 If the samples need particle size reduction, crush or grind the sample with a mortar
and pestle prior to extraction.

7.1.2.3 Note the particle size reduction on the TCLP worksheet. After particle size
reduction is complete, return to Section 7.1I.1.

7.1 3 pH Analysis to Determine Extraction Fluid Type For Non-volatile Analyses. An aliquot of
the sample is initially tested for pHl. The results determine which fluid is used for the
nonvolatile TCLP extraction. Volatiles TCLP extraction uses only extraction fluid #1.

7.1.3,1 Weigh out 5.0 g of the solid phase of the sample into a tarred 250-mL beaker Note:
pH- is determined after particle size reduction described in Section 7.1.2.

7.1.3 2 Add 96.5 mnL of reagent water to the beaker, cover with a watch glass, and stir with
a magnetic stirrer for 5 minutes.

7 I 3 3 Using a pH- meter, measure the pH- of the sample and record it in the TCLP sample
preparation logbook

7.1.3.4 If the piI] is less than 5, use extraction fluid #1 for the TCLP sample extraction.

7.1.3.5 If the pI I is greater than 5, with a 10 nnL disposable pipette, add 3 5 nrl- of IN I -Id,
slurry br iefly, and cover with a watch glass. Warm the slurry to 500o C on a hotplate
and hold at that temperature for 10 minutes.

7,1.3.6 Allow' the solution to cool to room temperature, measure the p1-, and record thle
result onl thle worksheet.

7 1.3.7 If the pi I is now less than 5, use extraction fluid #1 as the sample extraction fluid. If
the pH is still greater than 5. use extraction fluid #2.

7.1.3.8 Record thle extraction fluid used for each sample on the TCLP extraction worksheet.

7 2 Preparing Extraction Fluids

One of two TCLP extraction fluids are used for the nonvolatile extractions, with the sample pH- as the
determining factor. Extraction fluid 41 is the only fluid tised for volatile TCLP extractions and is the
most commonly used, Per cent solids and pH- analyses must he performed prior to preparation of the
extraction fluid(s). The sample extraction fluids should not be stored for more than 48 hours. If the
extraction fluid is made more than 24 hours before use, the pI I must he checked prior to extraction.

7.2.1 Preparation of Extraction Fluid 4 I (pH- 4.93 + 0 05).

7.2.1.1 Add reagent water to mixing container.

7.2.1.2 Add I I 4ml- of glacial acetic acid per lOO0mls of reagent water. Record the lot

tiumber and volume in the logbook.

7.2.1.3 Add 6.43nmL of' I10 N' NaOH per I OQ0mIls of reagent wvater. Record the lot number
and volume in the logbook

TIhe Standard Operating Pr ocedure has been prepaicci for the sole use of Lab Management Partners, Inc
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7.2.1.4 Using the pH meter, monitor the p11I of the solution. Stir with a magnetic stirrer
until the p11 stabilizes.

7.2.1.5 lf the p11 is too high, adjust by slowly adding glacial acetic acid to the extraction
fluid to bring the p11I down to 4.93 ± 0.05.

7.2.1.6 lf the p11 is too low, adjust by slowly adding IO N Na~li to the extraction fluid to
bring thle pHt up to 4.93 ±L 0.05, Record the total volume and p11 in the logbook.

7.2.2 Preparation of Extraction Fluid # 2 (p11 2.88 ± 0.05).

7.2.2.1 Add I1l.4inL of glacial acetic acid per lOO0rmls reagent water. Record the lot
number and volume in the logbook.

7.2.2.2 If necessary, adjust the final extraction fluid pH] by adding only glacial acetic acid
or water. Do not use the sodium hydroxide solution.

7.2.2.3 Record the total volume and pi I in the logbook.

7.3 TCLP Extraction Procedure - Nonvolatile Samples
T]his procedure describes the TCLP extraction of samples for serniivolatile, pesticide, and metal
analysis. Preliminary sample evaluations must be completed before the TCLP extractions are
per formed. If only one sample has been received for volatile, semnivolatile, pesticide, and metal TCLP
analysis, the volatile TC LP extract ion must take place first (Section 7.4) This limits thie loss of
volatile analytes and helps prevent volatile sample contamination.

7.3.1 Glassware Preparation

All extraction vessels, glasswaie and utensilIs used for thie extract ion procedure must be
washed with soapy water and rinsed with tap water and reagent grade water (ASTM Type
I 1).

7.3.2 Extraction Vessel Blanks

Thie nionvolatile extraction vessels alie 2-liter borosil icate glass bottles with tetlon screw caps
Or 1fLuorinated wide-miouth plastic bottles. Each extraction vessel must be demonstrated to be
free of contamnination by performing a blank extraction in every vessel prior to sample
extraction. Blanks are required after 20 'VCLP extractions have been performed onl a
particular vessel. At least one blank must be extracted per SDG per extraction fluid. A
separate blank is required for ZH IE for each SDG.

7.3.3 Liquid Phase Samples

If the samples have been found to contain less than 0.5% dry solids, the Filtrate is thle TCLP
extract (Section 7.1.1.1 8) Sample in addition to that used in the preliminary evaluation may
need to be filtered to provide sufficient volume for all the requested analyses

7.3.3.1 Set up the filtration apparatus as in Section 7. 1.1 and follow the filtration procedure
as described. It is unnecessary to weigh and record the filter weight.

7.3.3.2 Ifimetals are to be Panalyzed, acid wash the filter prior to filtration.

7.3.3.3 Collect thle filtrate in a Il-L Erlerimeyer flask.

7.3.3.4 If the filtrate is to be analyzed for metals, adjust the pi I to less than 2 with IN nitric
acid. Check an aliquot for precipitation before acidifying the entire extract. If a
pi ecipitate does form, do not adjust the pi-I of the extract.

The Standaid Operating Procedure has been prepared for thie sole use of Lab Management Partners, Inc
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7.3.4 Solid Phase Samples

If the sample is found to be 100% solids, and requires no particle size reduction, Tare a 250
mL beaker; weigh out a 100.0 g aliquot. Quantitatively transfer the aliquot to the extraction
vessel and record the vessel number. Record the weight of the empty beaker in the TCLP
extraction logbook and determine sample weight by subtraction.

7.3.4.1 If required, perform particle size reduction as in Section 7.1.2 before continuing.

7.3.4.2 Weigh into an extraction vessel a duplicate aliquot for the sample designated as the
QC sample. An additional aliquot may also be needed to obtain sufficient TCLP
extract volume matrix spike analyses. In either instance, repeat the instructions
given in Section 7.3.4.

Note- The matrix spiking solution for any analysis (Semnivolatiles, pesticides, or metals) must
not be added to the extraction fluid prior to TCLP extraction.

7 3.4.3 The volume of extraction fluid used is 20 times the sample weight For example,
with a 100 g sample aliquot, use 2000 ml, of extraction fluid.

7.3.4.4 After the sample has been added to the extraction vessel, add the appropriate
amount of extraction fluid to the vessel. Extraction fluid volume is 20 times the
weight of the solid phase. For example, sample weight of 95 g requires 1900 mL of
extraction fluid. Record thre volume of extraction fluid on the worksheet.

7.3.4.5 Cap the vessel. Wi ite the sample number on the vessel with a marking pen.

7.3.4.6 Rotate the vessels at 30±--2 rpmn for 1 8 ±E 2 hours. Record the analyst, date, time and
temperature at the beginning and end of the extraction. The temperature in the room
should be maintained at 22 + 3 o C.

Note. For some types of wastes (e.g., limed or calcium carbonate containing waste may
evolve gases such as carbon dioxide), piessure may build utp within the extractor bottle
during extraction To relieve excess pressure, periodically vent the exitractor bottle into a
hood. Venting after IS minutes, 30 minutes, and every '/2 hour until pressure build up is no
longer occurring is usually sufficient, but the analyst must exercise theirjudgenment based on
observation of the sample.

7.3.4.7 When the extractions are complete, remove the extractors fromt the rotator and
separate the liquid and solid phases by filtering through a new glass fiber filter as
outlined in Section 7 1.1.

7.3.4.8 Carefully decant the extraction fluid into the filtration apparatus and filter as
described in Section 7.1I.1. Do not record filter or filtrate weights. Collect the fluid
in appropriate containers, depending upon the requested analyses. Discard the solid
material left in the vessel.

7.3.4.9 Measure and record the p1-I of the final extract.

7.3.4.10 If metals are to be analyzed, the filter mtist be acid washed and the pI I of the extract
corrected to0<2 with IN nitric acid.

7.3.5 Mixed Phase Samples

If the samples are mixed phase, decant and filter the liquid part first as described in Section
7 I I, using sufficient sample to perform the required analyses.

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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Note: If the samples are mostly liquid, a liter or more of the liquid may need to be filtered to
accompany the requested analyses. If the majority of the sample is solid material, an aliquot
of about 200 g should be sufficient. The QC sample requires larger aliquots.

7.3.5.1 After the liquid part of the aliquot has been filtered, pour or spread the solid
material onto the samne filter. Complete the filtration procedure, and record the
weights of the filtrate and the solid material

7.3.5.2 1-fold the liquid portion for future analysis, or for combination with the TCLP
extract

7.3.5.3 Evaluate thie solid portion of the sample and transfer to the extraction vessel
following thie instructions as indicated above.

7.3.5.4 When transferring the solid material in the filtration apparatus to the extraction
vessel, include the filter. Record all weights in the TCLP preparation logbook. Use
the following calculation to determine the amou10knt Of extraction fluid to use:

7.3.5.5 Conduct thie extract ion of the solid material.

7.3 5.6 If the filtered liquid phase of the mixed phase Sample is compatible with the liquid
extract f-rom the solid phase extraction, combine thie phases. This coinbi nation is the
final mixed phase TCL P extract. Indicate on the itC L1 worksheet as Combined.

7.3.5.7 Iffthe filtered liquid phase of the mixed phase Sample is not compatible wvith the
liquid extract, do not combine the phaqses.

7.3.5.8 The liqilids are analyzed separately, and the resulIts matheniat icalIly comb ined The
followving equation IS used to obtain thie final analyte concentrations:

V 'thk 1.! ~z o! i. n F III i~ :1 ,

Ln~ CqVL.± cca.'t ':on o! Lb I

7.3.5.9 Analyze the iTCLP extracts according to thie appropriate anal ytical methods.

7.4 TCLP1 Extraction Procedure - Volatile Samples
This method is used for thie iTCLP extract ion ofrsamples foi volatile analytes. Care munst be taken to
mini iize the loss of volat iles by li mi ting the exposure of the samples, thie filtrate, and the extracts to
thie ,atmosphere. I leadspace should not be allowed in any of the extraction or collection containers.

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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7.4.1 If the samples have been found to contain less than 0.5 percent dry solids, the filtrate is the
TCLP extract (Section 7.1.1.18). Sample in addition to that used in the initial evaluation may
need to be filtered to provide sufficient volume for all the requested analyses. If additional
sample is needed, proceed as follows.

7.4.1.1 Set up the filtration apparatus and follow the filtration procedure as described. It is
unnecessary to weigh and record filter weights.

7.4.1.2 Collect the filtrate directly into 60m1 gastight syringes with stopcock valves,
allowing no headspace.

7.4.1.3 Store the vials in the VOC lab refrigerator until analyzed.

7.4.2 Zero I-leadspace Extractors (ZHE) are used as the extraction vessels for solid material from
which volatile analytes are to be analyzed. The ZIIE has an internal capacity of 500 mL.
Therefore, because of the 20 fold ratio of extraction fluid to sample, the maximum volatile
sample size is 25 g.

7.4.3 Cleaning and Maintaining the ZHfEs.

7.4.3 1 The ZH-lEs are stored completely disassembled.

7.4.3.2 Before the ZI lEs are assembled, wash all the parts with hot, soapy water followed
by rinsing with tap, deionized, and reagent grade water. Set the parts aside to dry.
Make sure the pistons do not get interchanged

7 43 3 ZI-LE 0-rings must be free of cracks or cuts, or the extractors may leak. Before
assembly, examine the 0-r ings for damage. Keep a stock of replacement 0-rings
available,

7.4.4 ZI-I E Assembly

7,4,4.1 To assemble the Z[ IE. place the cylinder on the ZF IE support chair.

7.4.4 2 Wet the cylinder with reagent grade water and place the piston in the cylinder.

7 44.3 Carefully align the piston with the cylinder so that it is level

7 4.4.4 Using the palm of your hand, slide the piston into the cylinder.

7.4.4.5 Place a Teflon rod in the center of the piston and use a rubber mallet to push the
piston to '/2 to 3,4 inch below the surface of the cylinder.

7.4.4 6 If the piston does not move easily. the piston is not properly aligned with the
cylinder-. If so, eremove the piston by inverting the apparatus and apply a minimal
amount of force to the center of the piston with the Teflon rod. Do not force the
piston or damage to the piston and cylinder will occur.

7 4.4.7 Once the piston is in place, invert the cylinder

7.4.4.8 With reagent water, wet the grooves and wipe with a cotton swab before placing the
0-r ing inside.

7.4.4.9 Place the 0-ring(s) in thie groove and re-xvet to insure a good seal

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.



8 7721 87

Laboratory Management Partners, Inc. Procedure No. SOP/OP. 131 1.01
Standard Operating Procedure Page 12 of 15
TCLP by Method 1311 and SPILP by 1312 Revision No.: 01
Effective Date: 09/01/04 Supersedes SOP: AP 1311 1312.doc

7.4.4.10 Place the bottom flange with the pressure gauge on the cylinder and secure the

knobs.

7.4.4.11 Invert the cylinder.

7.4.4.12 Rinse the 2 filter screens and a Whatman glass microfiber filter (grade GE/F, 9.0 cm
diameter) with reagent grade water.

7.4.4.13 Place the glass fiber filter between the 2 filter screens. Place the filters on top of the
0-ring and assemble the top flange.

7.4.5 Leak-testing the ZI lBE

7.4.5.1 Pressurize the ZIPSE to 50 psi and place in a large container of water. If bubbles
escape from the vessel, the seals are leaking.

7.4.5.2 7.4.5.2 Dc-pressurize the ZI PE and open the side that is leaking and re-wet the 0-
rings. Recheck for leaks in thle seal.

7.4.6 Transfer of Sample to the ZI HE

7 4.6.1 Once thle ZI lE is determined to be leak free, remove the top flange.

7.4.6.2 Blanks - As in Section 7.3.2, vessel blanks are conducted before each TCLP
extraction project and after 20 extractions have been performed onl each vessel.

7.4.6.3 Blb t onl the top flange and load 500 nml. of extraction fluid into thle vessel as
described in this SOP.

7.4.6.4 pressurize, rotate, remove, and store the blank extracls as descr ibed in Sections
7.4.7 and 7.4.8.

7.4.6.5 I f thle sample matrix is I 00%A solid material, and particle size reduction is
tinnecessary, weigh 25 g of sample to the nearest 0. I g If the sample matr ix is
mixed phases proceed to Section 7.4.6.6.

7.4.6.6 Quickly transfer the sample to thle ZI IE and attach the top flange.

7.4.6.7 I F particle size redUCtion is needed, proceed as in Section 7.1.2 before continuing.
Record thle sample weight on the TCLP worksheet. Go to Section 7.4.6.16.

7.4.6.8 IF1 the sample matrix is a mixed phase, use thle percent solids information from
Section 7. 1.1 and the following calculation to determine the correct sample size to
USe:

7.4.6.9 Pour the appropriate weight of the mixed waste slurry into a tarred beaker and
transfer, to the ZI IE, quickly attaching the top flange.

7.4.6. 10 Reweigh the beaker and record the weight onl the TCLP wor ksheet.

7 4.6.1 1 Attach the pressurized nitrogen Source to the ZIl I E.

The Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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7.4.6.12 Attach a luer lock syringe to the valve at the top of the ZHEI to collect the liquid

fraction.

7.4.6.13 Pressurize the ZHE to 10 psi and slowly open the luer lock valve.

7.4.6 14 Increase the pressure in increments of 10 psi every 2 minutes, until no more liquid
is forced from the sample Do not pressurize the ZHE more than 50 psi. Discard the
first 5 rmL of liquid collected.

7.4.6.15 Store the liquid fraction in a VOA vial at 4 o C for either combination with the
TCLP extract or independent analysis.

7.4.6.16 Disconnect the nitrogen line and release the pressure on the piston by opening the
release valve on the bottom flange of the ZHE.

7.4.6.17 Leave the release valve open while injecting the fluid.

7.4 6.18 Use the following formula to determine how much extraction fluid #1 to add to the
ZIIE:

X i, it ~~ 1 F

For example, if the sample has been classified as 100% solid, 500 nmL of extraction fluid will
have to be injected.

7.4 6 19 Connect the nitrogen line to the quick disconnect attachment and slowly pressurize
the ZI-I E to I0 psi.

7 46.20 Rotate the vessel end over end several times. Partially open the inlet/outlet valve to
ensure no headspace exists in the ZH-E. Close the valve imtmediately when the fluid
starts to come out.

7.4.7 Rotary Agitation

7.4.7.1 Bolt the ZI-lEs in the rotary agitation apparatus and rotate at 30 ± 2 rpm for IS8 ± 2
hours. Record the analyst, date, time and temperature at the beginning and end of
the extraction. The temperature in the room should be maintained at 22 + 3 o C.

7.4.7.2 When rotation is complete, check that the pressure gauges still read 10 psi. If the

vessel is no longer pressurized, repeat the extraction with a new sample.

7 4.8 Removal of the Extract from the ZHE

7.4.8.1 Once the contents of the ZI-IE have settled, attach the extraction fluid syringe to the
inlet/outlet valve.

7.4.8.2 Sloxvly open the inlet/outl6t valve and allow the fluid to enter the syringe. Remove
no more than 450 mL of the fluid to ensure that the solid material will not be forced
into the steel filter screens.

7 4.8.3 Cap the syringe with a luer-lock valve (closed) Transfer to the VOC refrigerator.

The Standard Operating Proccdure has been prepared for the sole use of Lab Management Partners, Inc.
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7.4.8.4 lf there is no initial liquid phase, collect and store the extract as in section 7.4.8.3.

7.4.8.5 if a separate initial phase has been collected (Section 7.4.6,13), combine it with the
TCLP extract if they are compatible.

7.4.8.6 If the separate phase is not compatible with the TCLP extract, they must be stored
and analyzed separately. The results of these analyses must be mathematically
combined to determine final analyte concentrations. Apply the formula in Section
7.3.5.7.1 to obtain finial results.

7.4.8.7 Discard the solid material remaining in thle ZI-IE extractors.

7.4.8.8 Analyze the TCLP extract according to the appropriate analytical methods.

8.0 Quality Control/Quality Assurance/Corrective Action

8.1 Refer to the Laboratory Quality Management Plan (LQMP) for QC procedures and evaluations to be
employed for this method.

8.1.1 Corrective Actions are those actions performted to correct situations that are deemned adverse to data
quality. Corrective actions are addressed in section 10 of the LQM P and in thle SOP "Non-
conformance ,and Corrective Action." Corrective actions are usually addressed within the procedure
section of the analytical SOP.

8.2 Blank Requit ements

8.2.1 One blank is extracted prior to using anl extractor vessel and then for every 20 TCLP
extract ions conducted onl an extractor vessel, This applies to both volatile and nonvolatile
extractor vessels.

8.2,2 One blank is extracted per SDG per extraction fluid. Ani additional blank is required for ZI IE
extractions.

8.2.3 A matrix spike mulst be Canalyzed with every 20 iTCLl' extractions or for each waste type (e.g.
waste water, soil, etc.). Matrix spikes are added to the fillterd, preser~ved TCLP extract a fter
TCLP extraction and prior to application ofimethold specific preparation procedures by the
analyst perfonining those tasks.

9.011 Data Validation

9.1I Refer to thle Quality Manual for data validation procedures and gu del ines.

I10.10 Training & Training Validation

10. I Refer to the Laboratory Employee Training SOP for training procedures and guidelines,

I11.0 Waste Management

I . I Refer to thle Waste Management Plan for waste disposal procedures.

1 2.0 heialth and Safety

12.1I Refer to the Chemical IHygiene and Safety Plans for helc th anti safety procedures 'and gui del ines.

13.0 References

13.1 Solid Waste Manual, SW846 Update II], December 1 996.

Thie Standard Operating Procedure has been prepared for the sole use of Lab Management Partners, Inc.
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13.2 U.S.Army Corps of Engineers (USACE) Shell for Chemical Analytical Requirements EM 200-1-3.

13.3 40 CFR Volume Part 261, Appendix 11 - Method 1311 Toxicity Characteristic Leaching Procedure.

The Standard Operating Procedure has been pi epared for the sole use of Lab Management Partners, Inc.
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Determination of pH

By SW-846 Method 9040C

Prepared by: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Michael KaUffihian, Technical Director

A pproval: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Scott McKee, President
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1.0 Scope and Application

1.1 This method is applicable to drinking, surface, and saline waters, domestic and industrial wastes and

acid rain.

2.0 Summary of Method

2.1 The pH- of a sample is determined electronrietrically using either a glass electrode in combination with a

reference potential or combination electrode.

3.0 Interferences and Potential Problems

3.1 Solvents, reagents, glassware and other sample processing hardware may yield artifacts of

interferences to sample analysis. All these materials niust be demonstrated to be free from

interferences under the conditions of the analysis by analyzing method blanks. Specific selection of

reagents and solvents may be necessary.

3.2 Temperature effects on the electrometric measurement of p11 arise from two sources.

3.3 The first is caused by the change in electrode output at various temperatures. This interference can be

controlled with instruments having temperature compensation or by calibrating the electrode-
instrument system at the temperature of the samples. The second source is the change of pl- inherent in

the sample at various temperatures. This error is sample dependent and cannot be controlled, it should

therefore be noted by reporting both the pHl and thc temperature at the time of analysis.

4.0 Equipment and Apparatus

4 1 pH Meters, VWR Symphony/Orion 4 10A or equivalent

4.2 pH Probes, Orion 91 65 RN or equivalent

4.3 Plastic cups

4.4 Thermomcter Calibrated

5.0 Reagents and Standards

5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise indicated, it is intended that all

reagents shall conform to the specifications of the Committee on Analytical Reagents of the American

Chemical Society, where such specifications are available. Other grades may be used, provided it is

first ascertained that the reagent is of sufficiently high purity to permit its use without lessening the

accuracy of the determination

5.2 All reagents/solvents/standards must be traceable using the Solution Validation Quality Assurance

Procedure (SVQAP) This program is detailed in the Quality Manual.

5.3 Organic-free reagent water - All references to water in this method refer to organic-free reagent water,

as defined in Chapter One of SW-846

5.4 Fisher pllI Buffer Solutions at pi Is of 4.00, 7.00 and I10.00.

5.5 Fisher p1- Buffer Solutions at pllI of 6.00 and 8.00.

5.6 Beakers

6.0 Sample Preservation and Containers

6 I As a rule, LMP, Inc does not engage in sampling activities. I lowever, each analytical method has

specific container and preservation (chemical and/or temperature) requirements.

The Standard Operating Procedure has been prepared for the sole use offLaboratory Management Partners, Inc.
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6.I I Refer to the Quality Manual for guidance concerning containers and preservation.

6.2 I loiding Times

6.2.1 Samples should be analyzed as soon as possible preferably in the field at the time of sampling.

7.0 Procedure

7.1 Calibrating p11I Meters

7.1.1 Daily Calibration Procedures

Every day prior to sample analysis, the pi metacer will be calibrated uIS Ing a three point
calibration. In order to complete this process, replace thle buffers (# 4.00-pink, # 7.00-yellow,

1 I0.00-blue) with fresh buffer solution. Follow the manufacturer's instructions.

7,1.1,1 Set the meter to thle appropriate buffer range following the manufacturer's
instructions..

7.1.1,2 A slope reading will be given once the calibration is complete. Acceptance range is
94-103% R. If thc Slope is outside this range, recalibrate.

7.1.1.3 Once per week, do a verification check with a 6.00 and anl 8.00 pi IlBuffers and
record onl the Daily Schedule. The acceptance critei ia tbr all these buffers is +/- .05
P-I] units.

Note: Always store the probes in # 7.00 Buffer when not in use.
7.2 pi I Analysis

7.2.1 Procedure

7.2.1I.1I Record the ciient namne/ID in the pli Logbook or worksheet

7.2.1I.2 Obtain a cleat] cup and( rinse thle inside with aI portion oillhe sample. D)1scai d this
rins ate.

7.2.1.3 P~our enough Sample into cup to be able cover thle sensing element offthe electrode.
Rinse the probe with decionized water and place the probe into the sample.

7.2.1 .4 Press Measure; the mneter will heep when done

7.2.1.5 Record thle pi lii the pi-I LogBook or workshieet

7.2.1.6 Rinse the probe with deionzed water and return the probe to thle 7.00 Buffei,

7.2.1.7 Perform a duplicate analysis of the sample.

8.0 Quality Control/Quality Assurance

8.1 Refer to the laboratoiy's Qtiality Manual (QM) for QC procedures and evaluations to he employed for
this method.

8.2 Corrective Actions are those act ions pei formed to correct situations thatl are dleemed adverse to dlata
quality. Corrective actions are addressed in the QM and in the SOP "Non-conformiance and Coriective
Action.'' Corrective actions are usually addressed within the pi ocedure section of the analytical SOP.

8.3 Perform a duplicate analysis of the pi I bitffers and thle Sa nipe IRepeat meiasureIments On successive
atiquots of sample until values differ by <0.1I pitI units. Obtain anl average and record on (lhe
worksheet.

The Standard Operating Procedure has beenl prepared for the sole use of Laboratory Management Partners, Inc
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9.0 Data Validation

9.1 Refer to the Quality Manual for data validation procedures and guidelines.

10.0 Training & Training Validation

10.1 Refer to the Employee Training SOP for training procedures and guidelines.

11.0 Waste Management

11.1 Refer to the Waste Management Plan for waste disposal procedures

12.0 Health and Safety

12.1 Refer to the Chemical 1-lygiene and Laboratory Safety Plans for health and safety procedures and

guidelines.

13.0 References

13.1 Solid Waste Maniual,SW846 UpdateIlllDecemiber]1996.

13.2 U.S. Army Corps of Engineers (USACE) Shell for Chemical Analytical Requirements Version 1.0 2
NOV 98

13.3 EPA, Methods for the Chemical Analysis of Water and Wastes, EPA 600-4-79-020.

The Standard Operating Proceduie has been prepared 60i the soIe USe of Laboratory Management Partners, Inc.
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14.0 Appendix

The Slandard Opei-ating Procedure has been prepared for the sole use of Laboratory Management Partners, Inc.
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Soil and Waste pH by

SW-846 Method 9045D

Prepared by: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Michael Kauffman, Technical Director

A pproval: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Scott McKee, President
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1.0 Scope and Application
Method 9045D is an electrometric procedure for the measurement of pl-i in soils and waste samples.
Wastes may be classified as solids, sludges, or non-aqueous liquids. If water is present, it must not be
greater than 20% of the total volume of the sample.

2.0 Summary of Method
The sample is mixed with reagent grade water and the resultant pi I of the aqueous solution is
measured.

3.0 Interferences and Potential Problems

3.1 Reagents, glassware and other sample processing hardware may yield artifacts of interferences to
sample analysis, All these materials must be demonstrated to be free from interferences under the
conditions oft'he analysis by analyzing method blanks. Specific selection of reagents and may he
necessary.

3.2 Samples with very low or high p1l's may give false or incorrect readings onl the meter

3.3 Temperature fluctuations may cause measurement errors.

3.4 Electrodes that become coated may cause erroneous readings. If anl electrode becomes coated with anl
oily material that will not rinse fr-ee, the elect rode can be cleaned (1) wvith anl ultrasonic bath, or (2) be
washed with detergent, rinses several times with water, placed in a I . 10 I IC]I so that loweri thind of the
lct rodeC inl Submerged, and thren thoroughly rinsed with water, or (3) be c leaned per the manu facture'
siiistirtct ions.

4.0 Equipment and Apparatus

4.1I V WR Symphiony/Orion 41I0A or equivalent

4.2 Orion 9165 13N or equivalent

4.3 Beaker, 50-nil

4.4 Analytical balance: capable of weighing 0.1I g.

4.5 Var iable speed str-plate with Teflon coated stir bars

4.6 Glass fiber-filters and filtration system

4.7 Centri loge

5.( Reagents and Standards

5 1 Organic-firee reagent water - All references to water in this method refer to organic-frece reagent water,
as defined in Chapter One of SW-846.

5.2 Standard buffers at piIt of 4.00, 7.00 and 10.00

6.0 Sample Preservation and Containers

6.1 As a rule, LM P, Inc. does not engage in sampling activities. I lowvever, each analytical method has
specific container and( preservation (chemical and/or temperature) reqUierements.

6.1I.1I Refer to the Quial ity Manual for guidance concerning containers. preservat on anti holding
times.

The Standard Opetating Procedure has been prepared for the sole use of Laboratory Management Partnei-s, Inc
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6.2 Holding Times

6.2.1 Holding time for extraction is defined as the number of days from sample collection (e.g.
sample date) to extraction.

6.2.2 Samples should be analyzed as soon as possible.

7.0 Procedure

'7.1 Calibration - Follow the manufacturer's instructions for calibration.

Each instrument/electrode system must be calibrated at a minimum of three points

that bracket the expected pH of the samples:

Calibration at pH of 4.00-7.00 and 10.00 buffers.

7.2 Repeat adjustments on successive portions of the two buffer solutions until readings are within 0.05 ph
units of the buffer solution value. Sample temperature should be maintained at 25 +!- I C for an
accurate reading.

8.0 Sample Preparation and pH measurement of soils

8.1 Precisely weight out 20.0 gramns of a well-miixed soil sample in a clean beaker using a calibration

analytical balance.

8.2 Add 20 mLd of reagent water and continuously stir the suspension for 5 minutes If working with

hygroscopic soils, salts or other problematic matrices, additional dilutions may be necessary.

8.3 Stop the stirring process and let the mixture stand for I hour to allow any suspensions to settle or filter
or centr ifuge off the aqueous phase fior pllI measurement.

8.4 Adjust the electrode on the clamip holder so that, upon the lower the electrode in to the beaker, the

electrode will be immersed just deep enoughi in to the clear sample solution to establish a good

electrical connection.

8.5 If the sample temperature differs by more than 2oC fromi the buffer solution, the measure pH must be

corrected.

9.0 Sample preparation and pH measurement of waste materials

9.1 Measure out 20.0 gramts of waste material in to a beaker and add 20 mL of reagent water.

9 2 Place a stir bar into the beaker and stir the suspension for 5 minutes. If working with hygroscopic
soils, salts or other problematic matrices, additional dilutions may be necessary.

9.3 Let the waste mixture stand for 15 minutes to allow most of the suspended material to settle out from

the suspension or filter/centriffige off aqueous phase brt pi I measurement.

Note. If the waste is hygroscopic and absorbs all the reagent water, begin the analysis again using 20.0 g of

waste and 40 mL of reagent water.

Note: If the supernant is inuiltiphasic, decant the oily phase and measure the piH of the aqueous phase. The

electrode may need to be cleaned if it becomes coated with an oily nraterial.

9.4 Adjust the electrode on the clamrp holder so that, upon the lower the electrode in to the beaker, the

electrode will be immnersed just deep enough in to the clear- sample solution to establish a good
electrical connection

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management Partners, Inc.
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9.5 I f the samnplIe temperature differs by mo re than 2oC fromt the buffer solutorion, the measure p II must be
corrected.

1 0.0 Quality Control/Quality Assurance/Corrective Action

10.1 Refer to the laboratory's Quality Manual (QM) for QC procedures and evaluations to be employed for
this method.

10.2 Cort-ective Actions are those actions performted to correct situations that are deemed adverse to data
quality. Corrective actions are in the QM and in the SOP "Non-conformiance and Corrective Action.".

10.3 E lectrodes must be thoroughly rinsed between samples.

10.4 p11I Meters must be calibrated using fresh buffers.

10.5 Performn duplicate analysis on the piH buffers and on the samples until the measurements are less than
0. pItP units apart. Take the average and record on the worksheet.

1.1.0 Data Validation

I 1.1 Refe~r to the laboratory's QM for data validation procedures and guidelines.

1 2.0) Training & Training Validation

1 2.1I Reter to the Employee Training SOP and QM for training procedures and guidelines.

13.0) Waste Management

13.1I Refer to the Waste Management Plan for waste disposal procedures.

14.0 Health and Safety

14.1I Refer to the Chemiucal Hiygi ene and Laboratory Safety Plans for health and safety procedures and
g LI (ICr I lI CS.

1 5.4) References

1 5 Solid Waste Ma~nual, SW846 Update HII, December 1996.

15.2 U.S. Army Corps of Engineers (USACE) Shell for Chemical Analytical Requirements Version 1.0 2
NOV 98

The Standard Opeizating Procedure has been prepared for the sole use of Laboratory Management [Partners, Inc.
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16.0 Appendix
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1.0 Scope and Application

1.1 This method is applicable to all wastes, with the condition that such wastes, when combined with acids,
do not explode or form explosive mixtures

1.2 This method provides a way to determine the specific rate of release of hydrogen sulfide upon contact

with an aqueous acid.

1.3 This procedure releases only the hydrogen sulfide evolved at the test conditions. It is not intended to
measure forms of sulfide other than those that are evolvable under the test conditions.

2.0 Summary of Method

2.1 An aliquot of acid is added to a fixed wveight of waste in a closed system. The generated gas is swept into
a scrubber. The analyte is quantified. The quantifying of sulfide is discussed in Section 10.0 of this
Standard Operating Procedure.

3.0 Interferences and Potential Problems

3.1 Solvents, reagents, glassware and other sample processing hardware may yield artifacts of interferences

to sample analysis. All these materials must be demonstrated to be free from interferences under the
conditions of the analysis by analyzing method blanks. Specific selection of reagents and solvents may

be necessary.

4.0 Equipment and Apparatus - Distillation Step

4.1 See Figur e I in Appendix.

4.2 Round-bottom flask, 500-mL capacity, three neck, with 24/40 ground-glass joints.

4.3 Gas scrubber, 50-mL calibrated scrubber.

4.4 Stirring apparatus - To achieve appr oximately 30 r pml. This may be either a rotating magnet and stirring

bar combination or an overhead motor driven propeller stirrer.

4.5 Addition funnel - with pressure-equalizing tube and 24/40g g~roud glass joint and Teflon sleeve.

4.6 Flexible tubing -For connecting the nitrogen supply with thle apparatus

4.7 Water-pumped or oil-pumnped nitrogen gas - wvith two-stage regulator.

4.8 Rotometer- for monitoring nitrogen gas flow rate.

4.9 Analytical balance - capable of 'weighing to 0,001 g

4. 1 Ooraduated cylinder, 50-mL

5.0 Equipment and Apparatus - Titration Step

5.1 500-mL flasks

5.2 Hot plate stirrer

5.3 25 mL buret

5.4 Volurnetric pipets

6.0 Reagents and Standards - Distillation Step

6.1 Reagent grade chemicals shall be used in all tests Unless otherwise indicated, it is intended that all
reagents shall conform to the specifications of the Committee onl Analytical Reagents of the American

1'he Standard Operating Procedure has been prepared toi the sole use of Laboratory Management Partners, rinc.
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Chemical Society, where such specifications are available. Other grades may be used, provided it is first
ascertained that the reagent is of sufficiently high purity to permit its use without lessening the accuracy
of thle determination.

6.2 All reagents/solvents/standards must be traceable using the Solution Validation Quality Assurance
Procedure (SVQAP). This program is detailed in the Quality Manual.

6.3 Organic-li-ce reagent water - All references to water in this method refer to organic-firee reagent water, as
defined in Chapter One of SW-846.

6.4 Sul~fu~ric acid (0.OIN), 112S04: Add 2.8 nl- concentrated I12S04 to organlic-free reagent water and dilute
to I L. Withdraw 100 nil of this solution and dilute to I L to make the OW0N 112S04.

6.5 Sulfide Reflerence Solu.tionl: Dissolve 4.02 g of Na2S-91l20 in 1.0 L of organic-free reagent water. This
solution contains 570-nmg/L hydrogen sulfidle. Dilute this stock solution to cover the analytical range
required (100-570 mng/L).

6.6 Sodium I lydroxide SoIluihon (I 25N), NoON . Dissolve 50 g of NaOl I in organic free water and dIilu tie to I
L with organ ic-free reagent waler.

6.7 SodiUmn II ydrox ide so!lution (0.25 N), NaO II, Dilute 200 riL 1 .25 N sodium.11 hydroxide solution to I L with
organic-lice reagent water.

7.0 ]Reagents and Standards - Titration Step
7.1I Starch so lut ion - Use ei ther anl aqueous solution or soluble starch powder mixture. Prepare anl aq teous

SOIL ii io as lFol ows I)issolvye 3 g of'soluble starch and 2 g sal icyl ic acid, as a preser vative in I 00 til, hlot
recagenlt waele.

7.2 Iodine solution (0.025N)

7.3 Dissolve 2 5-g potassiuml iodide, K I, in 700 niL, of reagent waler in a I -Liter volumetric flask. Add 3 .2-g
iod inc. All ow to dissolve. Add 2 mil. of 6N I IC I acid. DilIute to I L. and standardize as lb Ilows

7.4 Dissolve appioximately 2 g of KI in I 5OiL of reagent water. Add exactly 20 nil- ofthc iodine
solo lion (Section 7.2) to be titrated and dlIu te to 300 in L with reagent water.

7.4.1 Tuitrate with 0.025N standardized pheniylarsine oxide or 0.025N sodium thiosulfate until the
amnber color fades to yellow. Add starch indicator so lotion. Contin ie titration drop by drop
litniI the blue color disappears.

7,4.2 RUnI in replicate.

7.4.3 Calculate the normality as follows:

Normality (12) = inL of ti trant x norma Ii y oft itrant
Sample size in nl-

7.5 Sodli tiim so illide no nainhydtrate - For thiepreparation of stanidardSOIlot ionis to be used for cal ibrati on Cur ves.
Standards Must be pi epared atl pl 1 >9 and < I . Protect standar d from exposui-e to oxygen by precparing i
without headspace. These standards are unstable and should be prepared daily.

7.6 Tiitrant:

7.6.1I Standard -phienylarisine ox ide soluition( PAOat 0 25 N) isavailable commiierciailly.

CAUTION: PAO is toxic.

7.6.2 Standai d Sodium~l Thio0sulfate Solution (0.025N), D~issolve 6 205 +i/-.005g in 500-miL
reagent water. Add 9 nil, I.IN N aOl I and dilute to I Ii tei

l'hle Stanidard Operating Piocedure has been prepared for the sole 0se of Laboratory Management Partners, Inc.
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8.0 Sample Preservation and Containers

8.1 As amrle, LMP, Inc. does not engage in sampling activities. However, each analytical method has

specific container and preservation (chemical and/or temperature) requirements.

8.1.1 Refer to section the Quality Manual for guidance concemning containers, preservation and
holding times.

8.1.2 Samples containing, or suspected of containing, sulfide wastes should be collected with a
minimum of aeration. The sample bottle should be filled completely, assuring no headspace
exist and stoppered.

8.2 Holding Times

8.2.1 Analysis should start as soon as possible, and samples should be kept in a cool, dark place
until analysis.

8.2.2 It is suggested that samples of sulfide wastes be tested as soon as possible. Although they

can be preserved by adjusting the sample pHi to 12 with a strong base and adding zinc
acetate to the samples, these will cause the original sample to be diluted, increase the ionic
strength, and possibly change other physical or chemical characteristics of the waste which
may affect thre rate of release of the hydrogen sulfide. Storage of samples should be under

refrigeration and in the dark.

8.2.3 It is suggested that testing be conducted under a hood,

9.0 Procedure - Distillation Step

9 1 Add 50 mL ofo0.25N NaQ~l Isolution to a calibrated scrubber and dilute with organic free reagent wvater to

obtain an adequate depth of liquid.

9.2 Assemble the system and adjust the flow rate of nitrogen, using, the rotorneter. Flow rate should be at 60
mL_/min.

9.3 Add 10 g of the waste to be tested to the system

9.4 With the nitrogen flowing, add enough sulfuric acid to fill the flask half full, wvhile starting the 30-mninute

test period.

9.5 Begin stirring while the acid is entering the round-bottom flask. The stirring speed must remain constant

throughout the test.

Note. The stirring should not be fast enough to create a vortex

9.6 After 30 minutes, close off the nitrogen and disconnect thre scrubber Determine the amount of sulfide in
the scrubber by the procedure described in the titration section.

10.0 Procedure -Titration Step

I10.1I The following iodonietric titration procedure is used to quantify the sulfide concentration in the distillate
generated in the distillation procedure.

10.2Papet a known amount of standardized 0.025N iodine solution in a 500-mL flask, adding an amount in

excess of that needed to oxidize the sulfide. Add enough reagent water to bring the volume to I100 mL.
The volume of standardized iodine solution should be about 65 nL- for samples with 50 ing of sulfide.

10 3The trapping solution must be brought to a pH of 2 before proceeding. Titrate a small aliquot of the
trapping solution to a plh 2 end point with 6N I-ICI and calculate the amount of HCI needed to acidify the

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management Partners, Inc
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entire scrubber solution. Combine the small acidified aliquot with the remainder of the acidified scrubber
solution.

l0.4 Pipet thle gas scrubbing solutions obtained to the flask, keeping thle end of the pipet below the surface of
thle iodine solution. If at any point in transferring the zinc acetate solution or rinsing the bottles, the amber
color of the iodine disappears or fades to yellow, more 0.025N iodine must be added. This additional
amount must be added to the amount from Section 1 0.2 for calculations. Record the total volume of
standardized 0.025N iodine solution used.

I0.5Prepare at rinse solution ofa known amount of standardized 0.025N iodine solution, I niL of 6N I ICI and
reagent water to rinse the remaining white precipitate (zinc sulfide) from the gas scrubbing bottles into
the flask. T]here should be no visible traces of precipitate after rinsing.

10O.66inse any remaining traces of iodine fromt the gas scrubbing bottles with reagent water, and transfer the
ri nsate to thie flask.

10O7Titrate the solutifon in the flask with standard 0.025N phenylarsine oxide or O.025N sodium thiosuilfate
solution until the amber color fadies to yellow. Add enough starch indicator for the solution to turn dark
blue and titrate until thle blue disappears. Record the volume of titrant used.

11.0 Quality Control-Quality Assurance

I 1. I Refer to the laboratory's QUality Manual (QM) for QC procedures andeva I iiat ios to be emp loyal for
this method.

11.2 A Stuminary of'detect ion Ini m s, spike concentrations and control limits arc provided in Appendix A to this
Sol).

11I.3 Corrective Act ions are those act ons performed] to correct situations that arie deemied adverse to data
quaclity. Corrective actions are addressed in section 10 of the LQMP and in the SOP "Non-conlbrnmince
and(orreitive Action.' Coii ective actionsare USUally addressed within the procedure section of thie
analytical SOP.

11.4 A eangent blink should be analyzed once in twenty ,ana lyses or per ana lyticalI batch. vh i chever is mnore
ftiet~uiet.

I 1.5Check standards aie prepa red fromi water and al known armount of sodi in sulftide. A check standard
should be run lwith each analytical batch of samples, or once in twenty samples. Acceptable recovery will
depend onl thle level and matrix.

I 1.6 A matrix spiked sam pie should be Canalyzed for each ,anal ytical batch or twenty samples, whichever is
more frequent, to determ tne matr ix effects. If recovery is low, acid-insoluble su Itid Les are indicated. A
matrix spiked sample is a sample brought through the wvholIe sample preparation and analytical process.

1 2.0 Calculations

12.1 ICaldcuLatIe thie CO CncetratIOion of sulfide using the following equation:
(32.06 e)

(mL. 12 x N 12)- (ill. ltitant x N titrant) x [ 2 eq. I = Sulfide (mg/Kg or nmg/L)
sample weight (kg) or sample volurime ( L)

13.0 lData Validation

13.1I Refer to the laiboratory's QuaI ity Manual~i for data validation procedures and guidelines

Thie Standard Operating Procedure has been prepared for thre sole use of laboratoiy Management Partners, Inc.
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14.0 Training & Training Validation

14. I Refer to the Employee Training SOP for training procedures and guidelines.

15.0 Waste Management

15.1 Refer to the Waste Management Plan for waste disposal procedures.

16.0 Health and Safety

16. 1 Refer to the Chemical I-lygiene and Laboratory Safety Plans for health and safety procedures and
guidelines.

17.0 References

17.1lSolid Waste Manual, SW846 Update III, December 1996, Method 7.3.4 and 9034.

I17.2U.S. Army Corps of Engineers (UJSACE) Shell for Chemical Analytical Requirements Version 1.0 2

NOV 98

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management Partners, Inc.
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18.0 Appendix
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1.0 Scope and Application

1.1 This method is applicable to all wastes, with the condition that wastes combined with an acid does not
form an explosion or an explosive mixture.

1.2 TIhis method provides a way to determine the specific rate of release of hydrocyanic acid upon contact
with an aqueous acid.

1.3 This lest measures only the hydrocyanic acid evolved at the test conditions, It is not intended to
measure forms of cyanide other than those that are evolvable under thle test conditions.

2.0 Summary of Method

2.1 An aliqutot of acid is added to a fixed weight of waste in a closed system. The generated gas is swept
into a scrubber. This generated gas contains hydrocyanic acid in the presence of water. Tlhis cyanide
hearing acid is converted to cyanogen chloride by reaction of cyanide using Chlorarnine-T. After this
reaction is completed color is formed with the addition of pyridine-barbituric acid. The analyte is then
quantitated uising the spectrophotonietric procedure at 578 nnv

3.0 Interferences and Potential Problems

3.1 Solvents, reagents, glassware and other sample processing hardware may yield artifacts of
interferences to sample analysis. All these materials must be demonstrated 10 be free from
initerterences undrICA1 the cond itios of the analysis by analyzing method blanks. Spec ific select ion ot'
reagents arnd solvents may be necessary.

4.0 Equipment and Apparatus - Distillation Apparatus

4.1I Round-bottom flask - 500 inL, three-neck, with 24/40 grotind-glass joint Teflon sleeves.

4.2 (Gas scrubber - 50 rol- calibrated scrubber.

4 3 Stirrin~g alpparatus - To achieve approximately 30 rpmn. This may be eit her a rotating magniet and
stirring bar comnbination or an overheard miotor-driven propeller stirrer.

4.4 Add it ion furinnel - With pressure-equal izi ng tube and 24/40 ground-glass joint and Teflon sleeve.

4.5 Flex ibl Ictib ing - For connection from nitrogen supply to (listfilation apparattis.

4.6 Water-purmped or oil-pumrped nitrogen gas - with two-stage regulator.

4.7 1Rotometer - For mionitoring nitrogen gas tlowv rate.

4.8 Analytical balIance - capable of weighing to 0.001 g

5.0 Equipment and Apparatus - Spectrophotometric Determination

5.1 Spectrophorometer - Spec 20, capable of measuring at 578 nmn with a 1.0 cri cell.

5.2 1 lotplate stirrer

5.3 p~l m reter

5.4 5-niL buetie

5.5 Class A VOILumetiiC flasks at 100, 250 and I 00-ni- capacities

5.6 Erlenmneyer tlask - 500 nil.

The Standard Oper atirng Procedure has been prepared for the sole use of laboratory Management Partners, inc.
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6.0 Reagents and Standards -Distillation Procedure

6.1 Reagent grade chemicals shall be used in all tests. Unless otherwise indicated, it is intended that all

reagents shall conform to the specifications of the Committee on Analytical Reagents of the American
Chemical Society, where such specifications are available. Other grades may be used, provided it is
first ascertained that the reagent is of sufficiently high purity to permit its use without lessening the

accuracy of the determination.

6.2 All reagents/solvents/standards must be traceable using the Solution Validation Quality Assurance

Procedure (SVQAP). This program is detailed in the Quality Manual.

6.3 Organic-free reagent water - All references to water in this method refer to organic-free reagent water,

as defined in Chapter One of SW-846.

6 4 Sulfuric acid (COI1N): Add 2.8 miL concentrated sulfuric acid to organic-free reagent water.

6.5 Cyanide reference solution, (1OO0mg/L). Dissolve approximately 2.5 g of KOH- and 2.51 g of KCN in

I L of reagent water. Standardize with O.0192N Silver Nitrate. Cyanide concentration equal to I

nmg/niL.

6.6 Sodium hydroxide solution (l.25N) NaOl-J. Dissolve 50 g of NaOll in reagent water and dilute to I L

with reagent water.

6.7 Sodium Hydroxide Solution (0 25N) NaOIL Dilute 200 miL of 1.25N NaOH to IL of reagent water.

6.8 Silver Nitrate Solution (0.0l92N). Prepare by crushing approximately 5 g of Silver Nitrate crystals and

drying to constant weight at 40oC. Weight 3.265 g of dried silver nitrate, dissolve in reagent water and

dilute to I liter.

7.0 Reagents and Standards - Spectrophotometric Procedure

7.1 Sodium hydroxide solution (0 25N). NaOll. Dissolve l0g in I L of reagent water.

7.2 Sodium phosphate inonobasic ( I M) Dissolve 138 g of sodium phosphate monobasic in I L of reagent
water.

7.3 Chloramnine-T Solution (0.44%) Dissolve 1.0 g of white. waler soluble Chloramine-T in I100 mLt of
water and refrigerate until ready to use

7 4 Pyrndine-Barbituric acid reagent. Place 15 g of barbituric acid in a 250-niL volumnetric flask and add

just enough water to wash the sides of the flask and wvet the barbituric acid. Add 75 ml- of pyridine and

mix Add 15 mL of concentrated hydrochloric acid, mix, and cool to ioom temperature. Dilute to 250

mL with water. This reagent is stable for approximately six months if stored in a cool, dark place.

7.5 Stock potassium cyanide solution (I nil- - I000 ug CN), KCN. Dissolve 2.51 g of KCN and 2 g of

KOH in 900 mL of water. Standardize with 0 0192N silver nitrate. Dilute to appropriate concentration

to achieve I miL = I1000 ug of CN.

7.6 Intermediate standard potassium cyanide solution, ( I niL, - 100 ug CN), KCN. Dilute 100 niL of stock

potassium cyanide solution to I1000 imL with reagent water

7 7 Working standard potassium cyanide solution, (I mL - 10 iig CN), KCN. Prepare fresh daily by

diluting 100 ml- of intermiediate standard potassium cyanide solution and 10 miL of IN NaOH to IL

with water.

8.0 Sample Preservation and Containers

8.1 As a rile. LMP, Inc. does not engage in sampling activities. I lowever, each analytical method has

specific container and preservation (chemnical and/or temnperatuire) requirements.

Samples containing or suspected of containing Sulfide or a combination of sulfide and cyanide wvastes

The Standard Operating Procedure has been prepared for the Sole LIse of Laboratory Management Partners, Inc.
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should be collected with a minimum of aeration. The sample bottle should be filled completely,
excluding all hecadspace, and stoppered.

8.2 H olding Times

8.2.1 Analysis should commence as soon as possible.

8.2.2 Samples should be kept in a cool, dark place until analysis.

8.2.3 Although samples canl be preseived with a strong base to a pH- to 12, this will cause dilution
of the sample, increase the ionic strength and possibly change other physical or chemical
characteristics of the waste which may affect the rate of release of the hydrocyanic acid. Store
in a refr igerator at 4oC.

8.2.4 Testing should be under a hood.

9.01 Procedure - Distillation

9.1 Adid 50 ril of 0.25N Na~il I solution to a calibrated scrubber and dilute with reagent water to obtain anl
adequatec depth of liquid.

9.2 Close the system and adjust the flow rate of nitrogen, uising the rotometer. Flow should be 60 mL/mhin.

9.3 Add IO g of the wvaste to be tested to thle system.

9.4 With I he nitrogen flowing, add eno0Ugh sulfuric acid to fil lthe flask half full. Start the 30-riuile( Wtes

per i od.

9.5 Beg ii stirring whiile the acid is enter ing the round-bottomn flask. Thle stirriing speed must re ma in
Constant thioughout the test.

N OTI: Thie sltirring should not be lhst enouLgh to create a vor tex.
9.6 A ftei 30mninutes, close offthedi nitrogen and disconnect the scrtibber. Determine the amount of cyanlide

Iii fICh scrubber by the specti ophotonmetric method detai'led in Section 10.0.

I0. Procedtire - Spectrophotornetric

10 I l'ipet at 50uL- al iquot oft he sample obtained from the distillation process into a I100-ml- voIlumetric
flask. If is the sample is later fotind to be beyond the linear range of tile co lormetrie determination and
tedi sti Ilation of a smaller sample is not feasible, a smaller al iquot may be taken. If less than 50 mnLl is
taken, dilute to 50 rill with 0.25W sodium hydroxide solution.

NOTE: Temperature of reagents ;and spiking solutions canl affect the response factor of
the colormetiic determination. The reagents stored in the refrigerator should be warmed to ambient
temlperafture before use. Samples should not be left in a wann instrument to develop color, butl instead
they should be alicquoted to a cuvette immediately prior to reading the instniment.

10.2 Adid I 5 mLt of! M sod ium phosphate soi tit on and mlix. Add 2 inL of Chloram ine-T and mix. Some
distil lates may contain compounds that have chlorine demand. One mfinuate after the add ition of
Chloiamnine-T, test for excess chlorine with KI-starch paper. If the test is negative, add 0.5 nl-
Chloramnine-T. After one moinute recheck with K! paper Continue to add Chlorarnine-T in 0.5-nt

ic remicnts until excess is mlai ntai ned. After I or 2 minutes, add 5 nlL of pyrid ine-bar~bittiric acid
solution and mix

10.3 Dil ute to 100 irL- with reagent water and mnix again Al low 8 minutes for color development and then
read the absorbance at 578 nm in a 1 -ciii cell within IS miiiutes. The sodtium hyd rox ide concentration
will be 0. 125N

lThe Standard Opei aing Procedure has been prepared for the sole tise of Laboi-atoiy Management Partners, Inc.
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11.0 Standard curve for samples without sulfide

11.1 Prepare a series of standards by pipetting suitable volumes of working standard potassium cyanide

solution into 250-ml- volumetric flasks. To each flask, add 50 mL of I1.25N sodium hydroxide and

dilute to 250 mLd with water Prepare using the following table. The sodium hydroxide concentration

will be 0.25N.

uL- of Working Standard Solution Concentration
(ImL l0u CN) (ug CN/L)

0 Blank
1.0 40
2.0 80

5.0 200
10.0 . 400
15.0 600
20.0 800

11.2 After the standard solutions have been prepared according to the table above, pipet 50-mL of each

standard solution into a Il00-mL volumetric flask and proceed to Sections 10.2 and 10.3 to obtain

absorbance values for the standard curve. The final concentrations for the standard curve will be one

half of the amounts in the above table (final concentrations ranging from 20 - 400 ug/L).

11.3 Prepare a standard curve ranging from 20- 400 ug/L by plotting absorbance of standard versus the

cyanide concentration.

12.0 Standard curve for samples with sulfide

12.1 It is important that all standards he distilled in the same manner as the samples using the method of

standard additions. Standards distilled by this method will give a linear curve, at low concentrations,

but as the concentration increases, the recovery decreases. It is recommended that at least five

standards be distilled.

12.2 Prepare a series of standards similar in concentration to those mentioned in Section I1I. Iand analyze

and in Section 10.0. Prepare a standard curve by plotting absorbance of standard versus the cyanide

concentration

12.3 Calculation - If the spectrophotometric procedure is used, calculate the cyanide, in ug/L, in the original

sample as follows:

CN (ug/L<) - A x 1
E

Where: A - ug/L CN read from standard curve
Bt = mL of sample after preparation of colorimetric analysis

(100 mL recommended)
C - ml- of sample after distillation (250 mL recommended)

13.0 Quality Control/Quality Assurance

13.1 Refer to the Laboratory's Quality Manual (QM) for QC procedures and evaluations to be employed for

this method.

13.2 A summary of detection limits, spike concentrations and control limits are provided in Appendix A to

this SOP

13 3 Analyze check standards with every analytical batch of samples If the standards are not within 15% of

the expected value, then the samples must he reanalyzed.

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management Parroers, Inc.
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13.4 Analyze one duplicate sample for every 20 samples. The RPD of the replicates should be 20% or less.
If this criterion is not met, the samples should be reanalyzed.

13.5 Analyze one miatrix-spiked sample every 20 samples to check the efficiency of sample distillation
procedure and to monitor potential matrix interference.

13.6 The method of standard additions shall be used for the analysis of all samples that suffer from matrix
interference such as samples which contain sulfides.

13.7 Corrective Actions are those actions performed to correct situations that are deemned adverse to data
quality. Corrective actions are addressed in theQM and in the SOP "Non-conformaince and Corrective
Action." Corrective actions aire usually addressed within the procedure section of the analytical SOP.

14.0 Data Validation

14.1 Recfer to [lhe Laboratory's Quality Manual for data validation procedures and guidelines.

15.0 Training & Training Validation

15.1 ~efer to thie Employee Training SOP for training procedures and guidelines.

1 6.0 Waste Management

1 6.1 Refier to the Waste Managemlent Plan for waste disposal procedures.

1 7.0 Ilcalth and Safety

1 7.1I Relar to the Chemical I lygienec and Laboratory Safely Plans for health and safety procedui es and
guiideli ne s.

18.0 References

18.1 Solid Waste Manual, SW846 Update 111, December 1996 Chapter 7.0 Section 7.3.3

1 8 2 U.S. Army Corps of Engineers (tUSACE) Shell for Chemical Analytical Requiremients Version I 0 2
NOV 98

The Standard Operating Proceduire has been prepared for the sole use of Laboratory Management Partners, Inc.



8 772,21 4

Laboratory Management Partners, Inc. Procedure No. SOP/IA.RCN.01
Standard Operating Procedure Page 7 of 7
Reactive Cyanide 7.3.3 and Method 9014 Revision No.: 01
Effective Date: 09/01/04 Supersedes SOP: AiRCOLdoc

19.0 Appendix
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Method 1010
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1.0 Scope and Application
The closed-cup tester is used to determine the flashpoint of solids or liquids, including those that tend to form a surface

film under test conditions. Liquids containing solids are also tested using this method.

2.0 Summary of Method
A sample is heated at a slow, constant rate while stirring to keep homogeneous. A small flame is directed into the cup at

regular intervals while interrupting the stirring. The flashpoint is the lowest temperature at which the vapor above the

sample ignites.

3.0 Interferences and Potential Problems
3.1 Solvents, reagents, glassware and other sample processing hardware may yield artifacts of

interferences to sample analysis. All these materials must be demonstrated to be free from
interferences under the conditions of the analysis by analyzing method blanks. Specific selection of

reagents and solvents may be necessary.

3.1.1 Phthalate esters contaminate many types OF products commonly found in the laboratory.
Plastics, iii particular, must be avoided because phthalates are commonly used as plasticizers
and are easily extracted from plastic materials. Serious phthalate contamination may result at
any time if consistent quality control is not practiced

3.1.2 Glassware contamination can result in analyte degradation: Soap residue on glassware may
cause degradation of certain analytes This problem is especially pronounced with glassware
that may be difficult to rinse. These items should be hand-r insed very carefully to avoid this
problem. Chromic acid that is not completely rinsed will cause similar problems with analyte

degradation and should be carefuilly rinised to avoid this problemi Refer to the SOP for
cleaning of laboratory glassware: SogclniO3.doc

3.1.3 The unit must be cleaned well with methanol following the analysis of the p-Xylene standard

to prevent leaving a flammable residue in the cup that might not be completely removed by
just soap and water.

3.1.4 Any sample that flashes, particularly if it has a high solvent content, is a potential source of
contamination Again, the analyst must take care to properly clean the entire apparatus, not

just the cup itself.

3.1.5 Certain samples melt and adhere to the cup as they are heated. They must be removed in
their entirety and the unit cleanied thoroughly or else contamination will result.

3.1.6 While most samples that ignite give a definite Hash, there are others that leave some doubt.

Since so many factors can create "false" flashes that are similar to the flashes of these
ambiguous samples, if the analyst has any doubt at all, the supervisor should be consulted.

4.0 Equipment and Apparatus
4.1 Equipment

4.1 .1 Pensky-Martens Closed Cup Apparatus

5.0 Reagents and Standards
5.1 Policy.

5.1.1 Reagent grade chemicals shall be used in all tests Unless otherwise indicated, it is intended

that all reagents shall conform to the specifications of the committee on Analytical Reagents

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management Partners, Inc.
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of the American Chemical Society, where such specifications are available. Other grades may
be used, provided it is first ascertained that the reagent is of sufficiently high purity to permit
its use without lessening the accuracy of the determination. All reagents/solvenits/standards
nnist conform to the specifications of the Committee on Analytical Reagents of the American
Chemical Society, where such specifications are available.

5.1.2 All reagents/solvents/standards must be traceable using the Solution Validation Quality
Assui-ance Program (SVQAP). This program is detailed in the Quality Assurance Program
Plan Section 6.3. Refer to SOP QasrptO2.doc, 'Standard and Reagent Preparation cani
Tracea/,ilitv"

5.2 Reagents

5.3 l'-Xylene, Reagent grade.

5.4 Methanol, Reagent grade.

6.0 Sample Preservation and Containers
6.1 As a rule, Environmental Testing and Consulting, Inc. does not engage in sampling activities.

I lowever, each ,analytical method has specific container and preservation (chemical and/or
tempera t 11) req iiICfi e ets.

6.1 .1 Refer to Chapter 2 of'S W-846 for guidance concerning containers, preservation anti holdi ngi
limes. A PDF version of this Chapter is available: Server\ETC SOP'\SW-846\Chaip2.PDE.
Refer to Table 2-36 (pages 48 & 49).

6.2 F folding flmes

6.2.1I 1101(1 ng Ti me for extraction is defined as the number of days from Sample Collection (e g
Sample lDate) to extraction.

6.2.2 I floding Ti me ori anailysis of this parameter is 7 clays. Collect samples in glass No
preservative is needed.

7.0 Procedure
7.1 T he c losed-ctrp must be r insed with methanol and then cleaned witii soap and water be Ibre use. The

top of thie apparatLus, including the metal stirrer, should also be rinsed with methanol and DI to remove
any potential conta niinat ion from prior samples.

7.2 Place thle sample in the closed-CuIP, which should he at room temperature anti heat slowly while
stirring occasionally.

7.3 The flamne shon ld be directed into the cup ai one-degree intervals to determine if the sample ignites. A
true flash is usually (but not always) very obvious. Trhe analyst should be careful not to report false
flashes, such as those caused by the flame blowing out, the reignition of the flame by the pilot light
after it's blown out, etc. If there is any doubt about whether a sample actually ignited, a Supervisor
Should be consulted.

7.4 If the sample ignites, the above procedure is repeated as all positive results must be run in duplicate.
The second result is recorded and thle supervisor must initial the worksheet in the space provided.

8.0 Quality Control
8. I p-Xylenc is used as a standrid ti orflashpoint ( flashipoint of p-Xylecne = 27oC) ,and recorded onl the

wvork shieet.

8.2 The [acceptable ranrge for the p-Xylene standard is +/- I degree. Unacceptable results should be

The Standard Operating Procedure has been prepared fior the sole use of Laboratory Management Partners, Inc
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reanalyzed immediately, and any further problems should be promptly reported to the supervisor. In
the event that a sample ignites at >9OoC (very near the regulatory level) the acceptable range for the p-
Xylene standard shall be revised to +/- 0.5 degrees

8.3 Duplicate analyses are performed on all positive samples.

9.0 Calculations
Not applicable Temperature of ignition is read off thermometer

10.0 Data Validation
Refer to Laboratory's Quality Manual.

11.0 Waste Management
Refer to the Waste Management Plan.

12.0 Health and Safety
Consult the Chemical Hygiene Plan and Laboratory Safety Plans.

13.0 Training & Training Validation
Refer to the Employee Training SOP.

14.0 References
14.1 "Carcinogens - Work-ing, with Carcinog-ens ", Department of I lcaith, Education and Welfare, Public

H-ealth Service, Center for Disease Contr ol, National Institute for Occupational Safety and Health,
Publication No 77-206, Auguist 1977.

14.2 "OSHA Safety and Health Standards, General Industry", 29 CFR 1910.

14.3 "Proposed OSIZA Sca t' ando11lc/i/i Standards, Laboratories ', Occupational Safety and Health
Administration, 5 1 FR 26660, July 24, 1986

14.4 -Safrtv in Academic Chemistry, Laboratories', American Chemical Society Publication, Committee on
Chemical Safety.

14.5 Solid Waste Manual, SW846 Update 111, December 1996.

14.6 Code of Federal Regulations 40 CFR Part 136.

14.7 U.S. Army Corps of Engineers (USACE) Shell for Chemical Analytical Requirements, Appendix Fl.

The Standard Operating Procedure has been prepared for the sole use of Laboratory Management Partners, Inc.
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15.0 Appendix
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Table 1.1
Summary of Measurement quality objectives for Method 6010 Inductively Coupled Plasma (lCP) Metals

Frequency of
Quality Control Element Description of Element Implementation Acceptance Criteria

Initial Calibration Option 1- 1 stdl and blank, Daily Option 1- Low-level check(1.9.2.1.1) and a low-level check standard ± 20%
standard at MQL
Option 2- 3 stds and blank Option 2-r * 0.995

Instrumental Precision %RSD 3 integrations Each calibration and %RSD c5%
(1 9.2.1.1) (exposures) calibration verification

standards (ICV/CCV)

Initial Calibration Verification Midlevel (2nd source) After initial calibration %Recovery ± 1 0%
(ICV) verification
(1.9.3)

Initial Calibration Blank (lOB) Interference-free matrix to After initial calibration Analytes < MDL
(I 9.4) assess analysis

contamination

Interelement Check ICS-A -interferents only Beginning of analytical %Recovery ± 20% for target
Standards (lCS) ICS-B - interferents and sequence analytes
If19.1) target analytes

Continuing Calibration Blank Interference-free matrix to Every 10 samples and at end Analytes < MDL
(COB) assess analysis of analytical sequence
(I19.4) contamination

Continuing Calibration Midlevel verification Every 10 samples and at end %Recovery ± 1 0%Verification (CCV) of analytical sequence
(1.9.5 /I 95S.1)

Method Blank (MB) Interference-free matrix to 1 per sample batch Analytes < one-half MRL
( 10 21 1 111.4 1) assess overall method

contamination

Laboratory Controt Sample Interference-free matrix 1 per sample batch %Rae = 80% - 120%(LCS) containing all target anatytes Sporadi argnlfalrs(I.1,0,2 2 /I ii 4.2) %Rec = 60% - 140%

Matrix Spike (MS) Sample matrix spiked with I per sample batch %Rec = 75% -125%
(I110.2.3 /I11143 /all/subset of target anatytes
1.11.4.3.1) pnior to digestion

Matrix Duplicate (MD) or Referto text for MD or MS 1 per sample batch RPD 25%
Matrix Spike Duplicate
{MSD) (I110 24/1,11 44)

Post Digestion Spike (PDS) Sample digestate spiked with 1 per sample batch on MS %Rec = 75% - 125%
(1.10.3.1 / 1.11 46) all/subset of target analytes sample

Serial Dilution (SD) 1:4 dilution analyzed to As needed to assess new Agreement between(1.10.3 2) assess matrix effects and unusual matrices undiluted and diluted results
± 10%

Method of Standard Method of quantitation As needed for samples with r 0 995
Additions (MSA) suspected or confirmed
(I112.2 1) matrix effects

The number of Sporadic Marginal Failure (SMF) allowances depends upon the number of target analytes reported from the
analysis. For instance, if between 7 to 15 metals are reported from the ICP analysis, one (1) SMF is allowed to the expanded
criteria presented If greater than 1 5 metals are reported from the ICP analysis, two (2) SMI's are allowed.
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Table 1-2
Summary of Measurement quality objectives for Method 7010/7470/7471 Series GFAAJCVAA Metals

Frequency of

Quality Control Element Description of Element Imrplementation Acceptance Criteria

Initial Calibration (1.9.2 1.2) 3 aids and blan(GFA) Daily r 0 995
S std and blank(CVMA)

InstrumenItal Precision RPD of 2 injections Alt standards, and ICV/CCV RPD *t1 0%
(L.9.2.1 2)

initial Calibration Verification Midlevel (2nd source) After initial calibration %Rec ± 10%
(ICy) vernfication
(I 9 3)

Initial Calibration Blank (ICB) Interference-free matrix to After initial calibration Analytes c MDL
(I 9 4) assess analysis

contamination

Continuing Caiibration Blank Interference-free matrix to Every 10 samples and at end Analytes c MDL

(CCB) assess analysis of analytical sequence
(I 9.4) contamination

Continuing Calibration Midlevel verification Every 10 samples and at end %Rec ± 20%

Verification (CCV) of analytical sequence
(I 9 51 L9 5.)

Method Blank (MB) Interference-free matrix to 1 per sample batch Analytes < one-half MRL

(I110.2 1 / lI 4 1) assess overall method
contamination

Laboratory Control Sample Interference-free matrix i per sample batch %Rae~ 80% -120%
(LCS) containing target analytes
(1.10.2.2/11.11 4.2)

Matrix Spike (MS) Sample matrix spiked with 1 per sample batch %Rec = 80% - 120%

(I140.2 311 11 4 3 target analyies prior to
I1114 3 1) digestion

Matrix Duplicate (MD) or Refer to text for MD or MS 1 per sample batch RPD * 20%

Matrix Spike Duplicate
(MSD)
(I110 2 4 /11144)

Post Digestion Spike (PDS) Sample digestate spiked with Every sample %Rec = 85% - 1 15%
(IL10.3.1 /I1114 6) target anialytes

Senial Dilution (SD) 1 .4 dilution analyzed to As needed to assess new Agreement between

(1.10 3.2) assess matrix effects and unusual matrices undiluted and diluted results
± 10%

Method of Standard Method of quantitation As needed for samples with r- 0 995
Additions (MSA) suspected or confirmed

(I112 2.1) matrix effects

Note- CFAA = Graphite furnace - atomic absorption spectroscopy
CVAA =Cold vapor - atomic absorption

1-55
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Table 1-3
Summary of Measurement quality objectives for Method 8021 VOCis

QC Element Target Analyto/Surrogate Poor Purgers/GasesISporadic Marginal Failures'

Initial Primary Evaluation, No allowance
Calibration r - 0.995, %RSD 20%,
(1.9.2.2.1) r2. 0.990

Alternative Evaluation: Alternative Evaluation:
Mean %RSD for all target Maximum allowable %RSD for each target analyte
analytes * 20% * 40%

ICV (1.9.3) %Rec = 85% - 115% No allowance

CCV Primary Evaluation: Primary Evaluation:
(1.9.5/119.5.2 /1,9 5.21) %Drilt * 15%. %D * 15% %Drift - 20%, %D * 20%

Alternative Evaluation Mean %Drift/%D Alternative Evaluation'
for all target analytes 15%, with Maximum allowable %flrift/%D for each individual
maximum allowable restriction noted at target analytes 30%
right for individual analytes.

MB Target Analytes Common Lab Contaminants:
(I110.2.1 / 1.11.4.1) Analytes c one-half MRL Analytes < MRL

LCS Water' %Rec =80% -120% Sporadic Marginal Failures1: %Rec =60% - 140%
(I1402.2 /111 42) Solis: %Rec =75% - 126%

Ms %Rec = 70%.-130% Sporadic Marginal Failures,:
(I 102 3/11 114 3 %Rec m60% -140%
1.11.4.3.2)

MSO/MD Water: RPD * 30% Water: RPD * 40%
(1 10.2 41i1.1 1 4 4) S~oids No RPD Limits Solids' No RPD Limits

Surrogates Interference-Free Matnix: Not applicable
f1.10.2.51/ 11 4 5) Water, %Rec =80% - 120%

Solid %Rec =75% - 125%
Proiect Sample Matrix
%Rec = 70% -I30%

Target Analyte RPD * 40% RPD * 40%
Confirmation
(1.12.3)

The number of sporadic marginal failure (SMF) allowances depends upon the number of target analytes reported from the
analysis. For instance, if the 8020 Target Analyte List (10 compounds) is reported, 1 SMF is allowed. If the 8010 Target
Analyte List (32 compounds) is reported, 3 SMI's are allowed. tf the full 8021 Target Analyte List (60 compounds) is reported,
4 SMFs are allowed. If the MS includes only a subset of compounds, allow only I SMIF for that QC element..
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Table 1-4

Summary of Measurement quality objectives for Method 8081 Pesticides

QC Element Target Analyte/Surrogate Sporadic Marginal Failure

DDT/Endrin DDT & Endrin %Break~down Not Applicable

%Breakdown (1.8.2) 15% each

Initial Ca ibration nPrimarv Evaluation No allowance
(1.9 224 r * 0 995, %RSD 20%, r- 0.990

Al~ternative Evaluation: Alternative Evaluation:
Mean %RSO for all target Maximum allowable %RSD for each individual

analytes ' 20%. with maximum allowable target analyte 40%
restriction noted at right for individual analyles

Cv %Rec =85% - 115% No allowance
(L.93/119.3 1)

CGV PrimaryEauto: No allowance
(I 9 5/i9.5.2/ %Dnft 4 5%, %D * 45%
I19 5.2.2)

Alternative Evaluation' Mean %Dnftl%D for all Alternative Evaluation'
target analytes . 15%, with maximum Maximum allowable %Driftl%D for each individual
allowable restniction noted at right for individual target analyte 30%
analytes

MB ( 10 2. 1 / 11.4.1) Analytes < one-half MIRL Not applicable

LCS (I 10 2.2 /I14142) Water: %Rec = 50% - 130% Sporadi agnl alrs %Rec 30% - 150%

Solids: %Rec = 50% - 130%

MS (I110 2.3 /1ll 4.3 / %Rec = 40% - 140% Sporadic Marginal Failures1

1 11.4 32) %Rec = 30% - 150%

MSD/MD (I110.24 / RPD * 50% RPD 60%
Ill1 4 4)

Surrogates Interference-Free _Matrix Not applicable
(I 10 2 5/I 11 A45) Water %Rec=5O%- 130%

Solids %Rae= 50% - 130%
Proict Sape an
%Rec 40% -140%

Target Analytie RPD * 40% RFF0 40%
Confirmation
(1.12 3)

The number of sporadic marginal failure (SMF) allowances depends upon the number of target analytes reported from the

analysis. For instance, if the full list of 24 compounds is reported from the CC/electron capture detector analysis, then 2 SMI's

are allowed to the expanded criteria presented- If the MS includes only a subset of compounds, allow only I SIVF for that QCC

element.
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Table I-S
Summary of Measurement quality objectives for Method 8082
PCSs

QC Element Target Analyte/Surrogate

Initial r 0.995. RSD 20%,
Calibration r'. 0.990
(I 9 2.2 5)

ICV (1.9.3 /1,9.3,2) %Rec =85% - 115%

CCV (1.9.5 /1 952) %Drift 15%, %D - 15%

MB (1.10.2.1/11.11.4 1) Arnalytes < one-half MRL

LCS (I. 10.2.2 /1.11.4.2) Water: %Rec ±50% - 130%

Solids, %Rec =50% - 130%
MS (1.10.2.3 /1.11.4,3) %Rec =40% - 140%

MSD/MO (I. 70.2.4/ 1114 4) RPD = 50%

Surrogates Interference-Free Matrix:
(1.10 2.5 /1,11.4.5) Water, %Rec =50% -130%

Solids: %Rec =50% - 130%
Protect Samp~le Matri
%Rec = 40% - 140%

Target Analyte Confirmation RPD * 40%
(1,12.3)
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Table If
Summary of Measurement quality objectives for Method 8260 VOCS

Poor Purgers/Gases/Sporadic Marginal

QC Element Target Analyte/Surrogate Failures'

Initial Calibration Instrument Evaluationr
(1.9 22.4) System performance check compounds No allowance

(SPCCs): minimum response factor (RF)
values per method requirements
Calibration check compounds (CO~s
verify %RSD * 30%

Primary Evaluation
r ,0 995, %RSD * 15%, No allowance
_F 0.990

Al~ternative Evaluation Alternative Evaluation:
Mean %RSD for all target MFaximumr allowable %RSD for each individual
analytes 15%, with maximum allowable target analyte 30%
restriction noted at right for individual
analytes.

ICV %Rec =80% - 120% No allowance
( 9 3)

CCV Instrument Evaluation
(1 9 5 11 9 5.2 /19 5 2 4) SPCCs minimum RF values per method No allowance

requirements

Primary Evaluation COC~s)
%Drnft * 20%, %D0 20% No allowance

MB TagtAave:Common Lab Contaminants.
(I110 2 1/Ill 4.1) Analytes < one-half MRL Analytes <MRL

LOS Water %Reo = 80% - 120% SooradicMagna_ Fiurs %Rec = 60% -
( 10.2 2/It 4 2) Solids: %Rec =75% - 125% 140%

Ms %Rae = 70% - 130% Sporadic Marginal Failures' %Rec = 60% -
(I1102 311.11 43/ 140%
1 11.4 32)

MSD/MID Water: RPD 30%~' Water RPO * 40%
(I110 2 4 / ill 4 4) S~olids No RPD Limits Solids' No RPD Limits

Surrogates %Intrfere nce-Eree _Matrix Not applicable
(1 10 2.5 / 111 45) Water %Rec =80% -120%

Solids: %Rec =75% - 125%
Prolct ampe Mtnx%Rae 70% -

130%

The number of sporadic marginal failure (SMF) allowances depends upon the number of target analytes; reported from the

analysis. For instance, if the full list of 68 compounds is reported from the CC/MS analysis, then 5 SMFs are allowed to the
expanded criteria presented for the LOS. If the MS includes only a subset of compounds, allow only 1 SMF for this 0C element
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Table 1-7
Summary of Measurement quality objectives for Method 8270 Sernivolatlles

Poor Performers/Sporadic Marginal
QC Element Target Analyte/Surrogate Failures'

Initial Calibration Instrument Evaluation: No allowance
(1.9.2.2.7) SPCC§: minimum RF values per method

requirements
CCCS: venlfy %RSD * 30%

No allowance
Primary Evaluation (all target analytes)
r 0 995, %RSD 15%.
rt. 0.990

Alternative Evaluation:
Alternative Evaluation' Maximum allowable %RSD for each
Mean %RSD for all target analytes individual target analyte 40%
* 15%, with maximum allowable restriction noted at
right for individual analytes

Cv %Rec = 70% - 130% No allowance
(1.9.3)

CCV Instrument Evaluation
(1.9.5 I 1.9.5.2 /119 5 2 4) SPCCs: minimum RF values per method No allowance

requirements

Primary Evaluation (COCs). No allowance
%Drnft 20%, %D 20%

MIB Target Analvtes. Common Lab Contaminants.
(1.10.2.1 /1lii 4 1) Anatytes < one-half MRL Anralytes < MIRL

LCS Water Sporadic Marginal Failures'
(I110 2.2 /1 1114 2) %Rae = 60%/ - 120% (-15 analytes) Water:

=45% - 135% (-30 analytes) %Rec = 15% - 150%
=200/ - 150% (-16 analytes) Solids:

Solids' %Rec = 25% - 150%
%Rec = 60% - 120% (-20 analytes)

= 45% -135% (-'25 analytes)
= 30% - 150% (-15 analytes)

MS Water Sporadic Mrarinal Failures"
(I 10 2.3/I 11.4 3 / %Rec = 45% -135% Water.
I1114 32) %Rec = 15% - 150%

Solids Solids'
.%Rec =45% -135% %Reo;=20% -l50%

MSD/MD Water, RPD * 50% Sporadic Marginal Failures':
(1.10.2.4 /1.11 4.4) Soljds, RPD * 60% Water: RPO * 60%

Soid.PDO 60%

Surrogates %lnrterference-Free Matrix': Sporadic Marginal Failures'
(1.10.2.5 /1.11.4.5) Water: %Reo = 60% - 120% B/N cmpds Water:

%Rec = 45% - 135% A cmpds %Rec = 15% - 150%
Solids: %Rec = 60% - 120% B/N cmpds Solids.

%Rec = 45% - 135% A crepds %Rec =20% - 150%
Proiect Sample Matix 2
Wate %Rec=45% -135% B/Ncmpds

%Rec = 35% - 140% A cmpds
Solds %Rec = 45% - 135% B/N cmpds

%Rec = 35% - 140% A cmpds

Thie number of sporadic marginal failure (SMF) allowances depends upon the number of target analytes reported fromitthe
analysis For instance, if the full list of target compounds as presented in Table 13 are reported, then 5 SMI's are allowed to the
expanded criteria presented for the LOS If the MS includes only a subset of compounds and for Surrogates, allow up to 1 SMF

S = base, N = neutral, and A = acid compounds Iompds),

1-60



8772228

PA SAP - Deftense Depot Memphis, Tennessee November 2005

Vaotime II - Quality Assurance Project Plan Revision I

M4ACTEC Project Nos. 6301-04-0002 & 630 1-05-0006

APPENDIX E

DATA QUALITY EVALUATION SOPs



8772229

a

.E o �
0)

01 � 01

tOO
*� (N 4-

01 -

0

0

01 �

.01
L � 0
o

I *� �

* **4-

-� 0 '
�= o�

V C) r �-c - 0

0 �- t -� 4-
-0)- > 0 0 0

� 0 0

L�J L.�Ct
4 -

C4� - * E �
LJ F- 0

0
0 � 0 U bt 0.

01 � 001 01 .C
- 0 o

Ct �r,4- 0 er- - 0. 0.� 01

-� � _ Cl
- � Cio - 0 � s� -� '� -c 0

�zj� so.�o. 01� rj 0
-' 0

ECO 2
- 0) o � un o 2?

5 0
4 -

0 C1 0. t- C 01. Cl

-� Et� � Ut�L. � 0-

*-% ��C 0 -r � 000� 0

� L.�L4- C, -�- U
0 8 � --�i�- � I 9

� 0 1 O�Q 0.

0'C� - 0 Ld 4-

5 F-<�'** 0 � �>t�c') E�2� � c � -�

�, o=c/,= -- C-� 0 - 2
.�

5 o � o
C '��L'��0 � -c -r

0 o.52 0.
- g-�.2 S�. o-

OC � 0 - 0

c� -�
La 0- Z'4-

�e : � 01 -e o 0. *� o
4-001 � -Ct � a -

-E�E' -�

-. -� 0)0-
I- C) '-201-0 -�u LIO

Ge 0 1
a fl0 2jZO

U0��oC�-.
�-�

1
0

00 �
00 .,-t 

�-01

oe(No LHi '�&� -� 0
0...Z010 ) 00.2@> 0 )� *CTh�c�O

-Ct E5���- �E 0 1 <5�.��4-n0 cE
C .oO V�ioZ�Zt2 �
-Ct *�Zt

�01�0

o C-

�E _

�E�E 2 2 2
C � ol0E.�

-vS CJ0� i I
Co �LO.01 �01�4- L IC

�
-� e� -- 01 0 N It

000. -
C

C- �.- 0)

.0100)

C-fl 2

4-4-00) C



8772230

C

0)

C-

oci

C)

C

C)
C) ci

0

C � 0C) >�C) 0
�0C) 0S� t�0 .2 -

- N
C)fl o � ci ci

C-�- >0
e.-C) 

2
C)0 ,C -0

cit N- c-- ci ci
ci � U

- 0
0

- � C-.
'C ci oil) '1- - ci.-

0004 0)1) ci ooci r-
tOO 00 Ec-? o ci --

O� �-Z . -0 N 0) .ci
C- 0U 0 �

.- 0 0 � ci� - -
- - �-�y - to- C.-. �C)
go, Q�t t0 '1' C) C ci�5 o<5
-ciC� Q.n� C-ci 0 U -� ci

C)�t 0)C) ci.2 0) ci

o. 000 -- - '0 �C 00
0

ci -�
- �
,CC) C) �n -�

-. ci 0-.
�rfl< >� C) ci ci - N�- C)

L-tfl�
0

- C)�C1 0 -� ci ci,.' �
0 0 � ci,- ci - - ,-� oC-� Cit
C4�Vtfl � � -� �Thflo, NC. � c..Cn �tci

� .flŽ-.2 to 0�t-0'C�--- - N
00 �t0� 0)4 NN�5•ZR�

-- N 0� N2ZN
2 �

flu

00- - U o.� �0.1.0> c'fl
Z C) E-cic � -00 � �, ci4-NO. 2zt� -to -� '�K->�t "-'0

� C) � C-�?C-� 01)
-- �oC)0 0 0 ���t'00c C).- - ci

ucirci 
0

oL-. C � 
0 �

fl
0

ci00C) .,ci ci -� UC)
0Q�� H- � 0-ci �-'�0�C)01)0-- tO)

ci C)g�C)tfl 0 ci��'C)N-N�N -to
o cm g,- � �-enQ�tO�m� Ž

�0 -. OC--' ci u �
C)---- C)C)- 0ci too) fl ci C) C) �ci 0½ C)CflOt' fl-

0
n ci - -� to-I I � - - -ci en'tItt'OL-� oO. cici�

o � -c�z0 t�Z� rr- C-> 03
ci 52� 0�SoC.nr-cN------_

C)

-I- <I

�

C) C-
U

�

00 ci

Ci - 04

0 en 0 ':t Mt
LI

o C

en ci-



C"

0

0~~~~~~~~~~~~~~~~~~~~

6~~~~~~~~~~~

0~~~~~~~~A

U ~ ~ U C0

u U )

u 0~~~~~~~~~~

U 0-0 >

75
C= '~-L..LI U~ 4 f

-- -'Ct 0 N " -~Th
ZO *0 Z"Ot 'o - -O >- U



8772232

z~~~~~~~~~~~~~~~~~~~

tt~~~~~~~~~a

u~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0

oat~

0)~~~~~~~~~~~~~~~~~~~~~~~~~~5 :
U

0~~~~~~~~~~~~~~~~~~~~

Cao00~~~~~~~~~~~~~~~~~~I 0 Ca-aa)0VIA4 A

CC .0 - > -~~~~~~~~~~~~~~~. 2 . P CC

u 0 5 C 2C C ) 0 a a

CY C
-at~~~~~~~

4)a~~~at Ca- CO -t ~~~~~,Z~ at

-~~ ~~U~~6 U~~~aa~~~ >CC~~~z a)~~~~-~~ a~~c at~~~~5 CaO Z



* - 8772233

t. u~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C

0~~~~~

I : I ~ t . t5- ¼
C7 ~ ~ -C

0 zZ
u 0~~¼

C? 0~0 -J r to~N
2 0



8772234
a

0
'-0
4)

Ct

�

oc�

4)
0
2:

4)
4) C*J

C

4)t.C -
I

On ten 0
4)- 0 *<�*� 4-�� -� Zn

�>
- I C)

'to- -e
Ct I-

0 SOCt C)

- Ct0 -- Ct 0
� 

Ct 4)

4)�Eton _ t 4)00
� I- - -2 Ct 0 �- A- Ct -&

H Cl - C) en -

-� C) -e-- "oO
0 0

woe 

oC 

Rt

4)rNCOCI 

CO C)

- - 4 ) � � O
en - --

en-0 � � C,, CO

�C) 4) 4)�0

Ct -� o0-� 
-0

1. - Ct 4) -n 2 -�

C4)�0 C) Ct O<�CCt t��C) 0v - C-

Cfl�0C)�dCn0 07 - C4��zK.n

4) 0�. 0 Ct 0 -

Ct
0 G�C) �0)& 0

C- C- -t �t H C) 4) CC-4). 4)

-� �en 2 �0 _

1-4) 't CO
0 0

- en--�C) 4)0
- 4) �4) Ct

1-� 
4) �

0 1-tCt -0
- I-

�o�5 �

-, 0 CflC'l C- COC) �-0 4) Ct

� *� c�-�en - - en 0 �
0

en c100 en �

-CC-C- - � C,� 0 G0
Ct..� 4)02
� C) en - 5�4)z E�C-e� �

04) -too
0

- -� �4) - �r0 1-

Ct o'- �Ct
0

CC-

�d� 0 ½ 2� 4)Ct�

0 0 L-�� 4) Ct

CtCt0 en2�a o�o �o � .c�

- ��to0� 4)1-- 0��-�c Ct -- 0 �o

'-a-'-- 4)-�
4

t
0

- � C)

a Ct�0 Ct -ri -� 1-� - 1-

�CsQ � CO 4)�0 4)0or

2 � �O'&CO <0�

�

00 0.

-�

-SQ �0

�Ct

-�

tso 
en

0' 0 0 0 a

0
ON



8772935

0 0 WJ~~~~~~~~~~~~~~~~~~

0 S~~~~~Y0

0"~~~~~~~~~~~~~~~~~~

00~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~7

_ ( .O 0-- ) 0 t

o Žz

ao. > ~ 0~0C



8772236

CO 0~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C

0~~~~~~~~~~~

I) CO~~~~~~~~~~~~~~~Z

0~~~~~~~

zC ZO )

M ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~a



8772237

C
0

0
ON

-CU
4)

4) -e C) L. C'

0 0-.
Cd -EU U,

4)0 L E
� V 0 C)
Cd

4 tx Cd
*0 -CdCU U

CC, 0� C)

E *'�

. CU
C,0
U2c

OL.

�Cd �

- 5 -So
.0

CCd C 0

5.9 -

LOed 'U

C)> Cd U�Cd �
Cd

C) -

Oct CdTh C)
0o 'U�- 4)
0 �O �

C) U,� 4)
C) Cd V 4)

C) -v
Cd -

Ct Cd

CU
4 )

�) .0 St
Cd.- C) CU ON

- -CU � ON
3 ,- -

.00 4)e -
0 '-o
0- 0

- 4)

'n C,
Cd C)Cc-Cd I--

oo .5
�JC) 0 -Cd- 4' -

- Cd n-�, CI
C) � OC , C

CdO � CUbL C)Cd-� 0 -Cd CU� � Of)

Cd
Cd - CIr -CU C

LC*t .5 0->, Cd .- 4)C) V - $. 0
- Cd -, C C,--

U CU� � 0

o-0C) 0 2
0. Cd C) Cd

Cr 5.,
Of)0 Cr -. 0 CU� CU -�
SCdCd CdCd 0- -CC)
Cd Cfl 0' 00 0 C) -z

= - - V � 4) 0'-

C) o U,

ci Cd CU 4��4) '� L. L. �-0
.uCd - -� 1- 0 Cd-

.�Cd
0

4) 00 V 0

� = �
CU VV Ct C) Cd0

C) Cd � 4)0 - d) bL -' 41
4) - - 00

CtCt CU � A -�� SE '- btCd �L Li.� Cd � CU A
tC) -�Cd W1L2 C --

-, Cd *-
0) u � 0

-� Cd

L�) 't
o Cd5� 0� � -- �4) I- Cd

0 CdL. � � 0CC)
it-' E � �U, C, o-Cdo -� o-e c4� �, '-U

0 0-.Cd '�
o V --

Cd -t CUCU
0 0- - - Cd�

-�:�-< CdCt - >., > 0
.00

-9 .� C. Cd<
000- � �'�o
-eS > �.o
00 � 4)0 - 5C4�.

.Cd� � Cd 0�
� .- � 2 �

.0 0o� �
Cd fl�-.- -

� � "2 LU
Cj '�- 402<

onto <C >S�Z �Cd � cncn
Cd DD

Lii-



* 8772238

C

C
C

It .�

C)
aid

C

C
z

aiA� �

00) �

c,,9 �

a

C

a)

o
�0
Cl C
00 0.

CC

C) I
0��

C0



8772239

- C) I-- - - - - - --.-

~~~~~~ .0 ~ ~ ~ ~ ~ ~~~~~~~~

~~~~~ 0 ~ ~ ~ ~ >-

E
~~~~- C) ~ ~ ~ ~ ~ ~ ~ ~

00

La~~~~~~~

C~~~ 0 ~
= 0) 0 .~ ~ ~ ~ ~ ~ ~ ==

c0 jO~~~~~~~~~~~~~~~~~~~~~~~Z

C zn 0~

- 0Z



8772240 (N0)

It -�

0�

C

C O& &-'� 0 COO
''C-' - OCbO 0

-� C.-.
C -- -� [C0 0

U
ci -�-QCC[C 0 CC0 0 COO - C"

[C 00W) CCC
C
C o
- [C0
C � _ nŽ.

-d C '---c-I 000
0 -�

CO -0 0 C �
- C� C0 o�o-

CZ � C ci
-� C U '0
- oej -no 'd C

CC 0 -e -� 0
cri- C OxC 00

o 'ci
0� -� Uci ci- [C0- o C -� 2

C o ci
ci C '� S 0 -e -

0
.CC 0 cc C ON Vt Q[CC OCC

cc 0' ON 0 cc- C 'tŽ.
��QN[C ci&½C+�

- - -.c CC-CON C" '0
0 �-' N C.0�[C CON'' cc C [C -

'0 -� C'�C 0
0

00 [A � [CC N CO [C
C) 0c�NNC�

0
>,cit[C0�>0Z�EOc�.EOt

'C � CC [C

C0'0O '3t�Ce. � 0 aC- t � �
0 � U2-�

[C-CO " o'� 00 � [C0�.<� C - - � � C

0 � ccc. C-. � '0�nVVVtV�W)A�At� CCo - Q �O os,,� o�'2'O o-�C o2t
C t C � n'00 -�o.2

N r-�r-ccON�cmn-rIrnE-e 005 C C5 0

aS �) C� � 0 
0 � oc0(NONONONV�0VtVtVtc�. C - _ 0 C[C C) [C� O�Z O>-�E�-�o-----------c-i.-n�tt't-ci

O 5

at') 0 C

- F'

0I
S zi

ci
00 C"

[C [C [C I 0C o 0

cC I1
'C C

oco � -
(NU c'�- C Co C')

cc U CA



8772 24 1

bf)~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~a

Al VI~~~~~~~~~~

0 U 0 U

u~~U ~ 0 £~~<t~a)0 A
0- ~ ~ ~ o~~vE~~z ~~-'ZE~

U. >. 0-0

~~0 d~~c La. dA~U I I¼a

u ~ ~ a) a)~~~] a)0a)~0

-~~~ ~~~~~I2 an~~~~~~ ajo~~~~~~c o a- ~ ~ ~ 0

0-0~~- a) "~0-)) ~ ~ >~*ZQ0
z Z~~~Ooa 0 '

CYa Zt - - C c I ~ a
i0 . 0 m0 T



8772242 ______________ 
V

Ci
0�

00

4)
0z

£2 ________________ _________

o 0 4)t
4

)J -, 0 Cd 4) (N
-c - z0 U - a) Ci -0

- 0 0 Lt�- COC

- Vt 4)d ' -

04) 1 �E?-L -� - -
- a-

a d -e (�) C�-��n .c

Nd � 0-
>�Vt E Vt-a)�� C a) 0c�

'- U Vt% 0 a 0)) �Cfl-I)
- S 0>4)0 �. S a) £'-�oU -

0 -� au�Cd± & C a a �

Vt a - d
0

� �
-cC C - d�-� �-4)a)

0
Vt Od Cd

-� -�

*0*> -- 
a)- - CO Pt 4 )

- - Cd - -%�9- C)
- a- 0 � �,.c a--S a _

C) C4) 4 ) .- t-�-"-d 4)- ���-'.C 0 � 'C)SC3-�
tZ

4 )
- d 4) C�¼Cd CdnCOC)C(JCO
a- 

� 
<sAc�

2

a- a) C�"C�
- - 2

�a) a)4 > u Cfl�Cd0 �ULa�6P--C-C) i
-�2�4E� dUCd�t�.� art C)

- � U�-t.oCO� UU��Vut5 �
S - - - >,C. 4)- ,-xVt C)

-ES � 4)< ari ��l-ri a d C) 01)4)0

a- 0 - - -� 5�Cd�'-'a-
0 �L44rE� C-�Cd C

4) �Cd �Cd-c
-- 0 - 2�-
to �c CdCd�ci4)kU -ox. on
- u� -o-e"C La

- �d---� mO

�5F-q.04) 0C)4)� Cd rn� o 4)Vt

� Ed S� 0
-a � ��4)--e 4) 4)0 0

r 4) 4)C�0 no
50 (j� Vt�-�u0�� dCO4)a)

4)'-. e � d a
4 )

n 4)$VC4�.4)0a
001) 0 '-� � C '-a,-.

2 05 CC92 �?Cd4)�O -C��7m d 4)4)4) �
c0 4)�4)a-t .�U CO

tIC - EOtU �4)
4)0 -

0
UCflC �4)tdc�AN 0 5 ±1 a>..

Cc -.4) C-,ga4).Vt a-oCd�C�

o .-.- o <� 0 ��cfl- 0 Z5 -c<e�t.-. 0 < CC) do-Z -

ar- 04)

000 5 Z

0-10 � 
F-

a- 'a I

- 0'
-o -'-'---i L1 

0
CO Z1 ZkZI zj

0'
-- U
a) 0 

d

'C- >- -e
- C

O0�3 -- 
-c

�02 � t 0) V 4)

U) U V -Ct

a 
a

o�. V)



8772243

LI)

C',

0 �
0'"

0z

00 -c -�

0 �
C',

'-' 00 �o�-
a CtC�Z 0 � 0�A32�
- - 0 0- 0 rA0

C', �0 0ŽC �) C', - - C', t
o

0

-Ž4

0 C a-0 "
0 - �t 5-04

-o t.Su�aJ �o ','�zo
2 Z�&

0 v� f�
� o �

C C',", � �a o
0

0= . �', C, �',-� C',

o � a s
-. 0 SZ -���t�>> 0--

C',0 - - U o
0 �

- �',�',

.�0 ,J �2-d zz _ �', �Th�- 50 U�cj
C" 

*-0 

C,(', 

�,C'CJ� 

**2��

CC... 0-�j .� '-�& C",
C',- 0 �- �i �j C', C)
- -cc-- =o .z*-o � 0 o � VZuc

' �C- dJC U � U
0

CO oc�xx -az: �

5", � � VA �25-�� '"EVA -

2 C"�',�', 00 .C�',0 5 0
C ", "0.� � -- C)0- �fl

2

00

�40 � C"�� 4 CdC" -- -�at�� -J�C"
0 C� Eo�� � � �o u�U

C 5QC) -- C-' �O 0 0

0-�c� 55 C)�aCe tri

�)C)t� 00 � 0 -0� 0 � � Ce � 5

a-� *��- � - 0c1 00
C"�C) -�ZE -� �C0

(NO C', E�-oo NO
C"� �2.vE 2 5 �'��5tEE

o � >E �0�v0 ���Th"0Lo -- C,,) &

I-

rio C,
Co

- 0 I 0I C 0 k

I 2: 0 z C

U C,
� �i � 0� 0 a

I I C') I I C

Co C) C',
I- 2
0

>Cd, - ci to �,-

0,2: C CL-

'0



8772244

'C
di
bO
C

:44:

di
C
z

cc di C�C.�O di' CCt) CdiCC a-
-� -Co -� c-i o

Cdi ci C Co�CC
U C-

>�,di � >(1 C- C o-o o �o '�
1 �0�C -C �C CU�-� �%0�

5� 0 � dio�ao -� c -o C0
t U -d

di -
>. -d 0 Cr C

di C �3*� � C�l)di d-Z <A-�

didi5�O�di�Cr C
di - -,

C 00�'
Ct) di ' - .C �

0>2 di C C
C

-� tOdi di d.i�5O�E. �o
- O�c-�C

cr 0

C COUCrC Cdi =

it .5 -� ,0

2 � dio�S
ot '-� � C C - a� E�.z *�, C

di�N� �> q) Cr C - Ck�-c�. C do�t
� dirjo

0
di �-Z .C C

� -o toot
t>��C- � _ -e tdi

2
C

i�1 _ C �>-E�
� CO I

�d��E�5ir -� � ce-- ��co C di�
� C C men

didiCZ�Cdi 0 Jt�diCfl� - � di dfl 0

-tSXi�C

00 -o co,, di� 0 C Cci di 0c�� C
C- �WC 2 � 2 C�0 Lu
C- ��diO�O�4>tZ ��C0�fl di t di

Lt� di± -

0 �
dC�{ C-C

0
t -�t Sdi-o -10Z C - ¶SOtO �Cdi

at CrCdi�di�C�o C��.CZ�CC -� ditCln diC C
0

C 0z�.S0 � �0C)�Q�' didi -C�C

C wot2.tooo�O�Co�� E� Cdi �ot .�di �•

� 2 diE

� -� Cr <I <It � I �i
CZ� Z�

�i C
ol-5

0-C CO c-is

I -C

di en

Cr cc
L2< Ccyz



8772245

0~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0

0 ~~~~~~~~~j u~~~0

0~~~~~~~~~~~~~~~~~~~~

W W 
v~~~~~~~- 70 E >00

o 'a'- Cy E~~~~~~~ ~~~~~~~ _~~~~

In=~~~~~~~~~~~~g

z ~~~ CY(~Z- )-t~~~ - ~ e

a) oz 
-en ~

a)~~~~~~~~~~~ ~~~~~~~~~7 o .2

C) ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~-C
.2 0 ~ ~ ~ ~ ~ ~ ~ - .) )a

0 z ZO ZO z Z0 C O C

CY~~~~~~~~~_C.

C~~~ 0 %.C~~~~~~ta) ~~~~~ rn~~~~ ~~~CC~~~~C (~~~~a~~~a)=



�772246

00
di
00
0

0�

�tc

C)

C

di di

rfldi o�t� - a o.ocn��EE
- di 0 di

I .00C 4
a di '-. � diL±� 5 ,<0c.i

w� 0 00 di
�

di � 0 0.-Uu
dia 0C00

�di�Ct�fl � 00

di2� 0 aJ

ZOLI�U00 0 0 � <� 0
- 0 L��-t-0 CCO

UJ��didi 0 0-C)-
0

0fl-0�rO -e > 0�dio>zt�

dioo
*-�o C-) Ct di -cdi

�0�O�00C)�0 -t

- x

- 1)0 U�'
>0 0

- on
00 CJC) 

0 6di 00±�O
0 >0fl

0 0
t�dididi C)

di .0 0 O0� 0
di- � -

Odi

�Z -�-�

o.�tW Wits - di00 > bfj �C) 0

oŽ¾a oi�-c00BE
q-�Z Th 5< � <di0��� >000

Cr 0 0 0 0 0-0
- C. di Cr

0 0
dit I C) di a-C) - -. C)0 � ± 0

�Cst �D"2� U�E4Z0Ot di-0c��Cndi� 0
di 0C) Ct

0 0
di 0-0 C� di -t di

0
.0 00� In

diO% 0-00cfl00...�o� didi00Cr .00- a

.0di �o a] uv 0000001) �W t: �T0 II

-. 0 � � 0 - di A- - di U ii -, 0
� C) JCrC) -e-e'c UZ�

'--0- t�-Eodio�� �-o��= -z C)

CE 0 OThtOk oo�0-U�onCrCrO
0 Cr-.ot00D � � Z

z�0�v W00�00

o �
t- I-
ciQ
00

-0 0
diC

0>st
di 

>1
c-n

00 00 
it
00

oZoE.



8772247

ON
a)

:�

0"

C
2:

a)a) a) a) a) >N
<�CJ 0 - -c

- -0-
C-.- 

0
-V V C.

0-
Ct

a) Cd Ž4 ci o
a) 0 ,, 0 0 Cd -V

0- 0- - V a)
-� -� 5 E 0 0- '- - a)'t ,�
CtQ� 00 0 ci 0 Ci LO a)

- Or LO �o �0- - 0 Cd a)L b.
0��*a) ,- -t '0 0-.0-0 - V

a)o*� a) - a) On
CC) a) dt'A Cd -� 0)�o OCt - �. 0- C- - 4-� 0

-z 'A
C. V 0 'dO
0- Cd I -�

C) -.-'� 0CC

- a) 0 t� % S0 � - (C d OCt
C- 00

(CQ C- .- 'icC�, OS �-0 0
- 0) a)-on '-� 'A C. C- a)

C, � � a)
_ 0

0- C-cd t 0�, ><k
C V� 0)0 a) OV 00�,0oC. 0'Aa)Cd� 0 - - 0 --

- - a) ci - '-a) 00 -
-� 'to �

-CCC. - - - C-...-. VA
C, -�S 2 -� ado -� �.2 -�-�

"' � at -- -V zo-.2 '- 0 00 �000.0 0 � 0:)0
0 ta. V � a 'A Ci .� 0at- > a)'C. - Cd a) - Cd ---� �-'Z

0
- 0 � "'V .�E o

C) a)a) "-� �.. 0� a)�OE � 0.) �0 -� � 0
_ _ � � w

-d 0- � C)o, "'Va) 0

� C- a)E t� �cdci

<0 ZCdn -�'fl�i0) Zc. �z �C- 0 a)'ALO
V
0 2Z ,� Ci

L 2 z a
C.- �

C Cd

a) I I
0�.Z -21 C C0

a)0 a
2:> I
(0.- >.- I�E � H H>-

c-i 0 - C-I en c-I

0 6 6 6 6
c/a 0 0

0 C-
0



8772248

I- a
0

a)a)

0,

o -e a)
0

�. -e o

U

oC) E
�1

I-
a)

-c �t *�a) a)

'to

z .E �

Ea) -

_ C
at 0

at '�

CO C, �,-a) I-

�'0� CiC) a)a) Cd t
0)

C, �t
�', 0) '1�

62 a) a'
a) a'

0¾- C1j 0)
o�. 0 �)a) VC) ¾-

a) C) Os a- a) a)C)�- 0 CC

0- C,
N a- - -� 0� C

2 tO t't C)-o CC
.iZCL 00 Uo

0� �
00 �t 0 o-�

- 00 CC *�a)
-- -e

�* 0 -0CCCC � -0� U �c o= �0a) CC 0) 0) 0' a)
.- '�0 - Ct 0 �cat .�a) - tat

-� 0>�a-oc ad � 90 � �a) 0
-o .� 00

.zCr C> I) a- a) c�)Cd-Ic - to-fl
.9 - a) �j
t� -

VA s2o � z .Eo t
C, t0 �

C) C, at a) a) - a) Ot at
at C A 0 00

at 'to
-'t C, a- Cd �L C, 0a) a) _ C, A

CCCOEa)a) t CC,
OCt � 00. .E

00 � L 2
-at an

00 0-0- a- C, boa)010 -��' u o
CCC) ¾- � -I a) at

o � 0
*0 00

o 02F- - -
0- -� a)z -

000

niQ
cc

a) _ C)¾-2 0 - a)0
o�z - a) C
ccC 't��0 - ,a)0 Ci�

0�a) Cd
00 - Orja

0 -�

C) CO o�U

C �a)

0'



- 8772249

0�)

C-

Xo �5
cn�

0z

e

U

0

0

o *�

o �
ri a

��0

o b')
I-

C k

-e -
0-fl 0

-C V� Ca

cc

o�Z
oO



* 8772250
= C)

- G� cc

C�
0�

�
0

I
04- C)

I- t� �J
00 .�

i.�0
I-
C)

4- 3-
� .0
3- C)

C)

0
z

0 -�
C)I- ;�.-

3-

&� E
,-z0
C)

C)

C)

C)Cd
C)O0o
0 *�

Ct C)�0
0.03-

A.*.c1-� �CC��j C -� Cd �C -�

�EC) .9

Uc� Cd C) c �-n

<�-, >�C cc

Cdg) �< n�

� C)4� � U �
- -- �Ott4 0. Cd

-� -� .EE� Q C)t C)C) Z

'' 3-� 0-.- Cd .2U S Z�- -, ½) �O -ttc PU
0) Ct � �*- �, � a

��Cd04��
Cd 0)00 0�0) � �

C) C) C)�2 -

00 *fl-��
Cdtct - :r�Cd

0. >�U<5z Cn� cc
-e -5 o cc

�C) C)�6C) Cd CdoŽ )c��C
- 0) Cdir�O Cd

"rn� �
Cd rs, �-' -�

4- C) Cd

_ .z.5�.2
*0 �C) 7-

ZtSCdCd � s� � c-Cd
0.0 � 

0)

_ oa� >0�� cV t e
00*�-ect-; CC) k � od.O C)�Cj Cdz� - Cd

o� 5 U o.2
�n�< �t � '-�0.2� a

e�C)� v�WT E� ii: - �

5 OES� � W� U.S C)QC) 0��* -0

- Eocoo ui�a C)
<I < _02 _ CC)� ZI Z mm C)�

0 c�CdEc � Zrn

o &3.�;
cc I
o
cc -o C) 0

F-

-� -

-� -0
4 - ct

C)

- C)

014- ii -I[
I - .

-cc

��oe 0 0

- C-I



8.772251

0)

Cd

�Th

C)

0

0)

o CC

0

cv
- 0) 0)

a � Cd '0�

00 0 -d -- 0
-� - a - -C Cd�

- 5 L.C
0-

.0 
-

CCC-. - -t
.d� U.] 0

rio -� ��d) �

-5Ž� 5 Cd Cd

Cd o� ±0) - CdL�.
0)0) 

'0
LJ0 }.-. 0) .0.0

Cd 0 U

COO 0)� � tH � -�
- 0)

-Cd oAt �.4 .C� -� Cd

C) -- 0 0) �C - Cd*0-

10� - Cd-C Cd� -cv o.cAl �Y 2� &-s 0-�-.

0 C _ _ CdCd

c2� �!z one
Ode 0 - 0)C�

-0 0. � �0- _

S)O CC 0) '0

Cdv Cd 0. _

C" �o �< -� � on '-C

-� 62 '� 0 ¼00 E -�0 -
st C)

- II -� � 0.0
0) 

C
4� 4

-� '00Cot

so - � s 2 -50 s-� Cd.0on
-� ii '- '0-s

0 0-' 0 C �CC *t .0

-- u0 'S F -' '- e
� .0 �0 CdOr N

vOoA 0 C U.] -� � �
0 o 02

� 0 -e
.0�Cd

.0 '-� � -�

01) U
-5

Cr 0

0
0Cd - Cd.�Cd

0'00- 0 LU
o �'-�'O HL- .k H H � � 00d

0

t CdCdr.
C) >Cd�� 0 0 Uoo

Cl 0 � <0) .� z CCCE

o t Z <� t5 L�0)

0 
C

L

00 
<�

00 -
0
0)0 0

� 21 21' 0
Cd

4) 
21

Cd

'0 .0
S 0)

'0 
a

V 
-; 0)

U >< �I
- ON Cd S

rn 0 - - e�1

U2� 
0 'ot S

en o 00
C.-

t 0-0



8772252

0 ,

z~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~z

Al- ~~~~~~~ I C0 < a a

U 0 C'n-a C

0 ~ ~ ~ ~ ~ 0

D o

Ka at a)CQ '>

.- - 0 ~~~A o CC - =

to0 n a C )- ½ a

C C C t0Cl-

~~ON ~~~Ca 2>a~~~~~g - Qa) K.~~~~Z



8772253

0)

0
0�

It
C S
00

0)

C

z

0)0

0

0)t 0)C1 �fl
0) - -0) 0�

.0 - 0� -

E ± & � 0
= I E

- .ŽZ0 � 0 C. t CE - 0-- �.. - .0
0 o '�d�E *�

-- 0 �0)oo -0

o-�-;�) cat en N
0 � �,

- -� �-

o c loS: �o 0- - 0-
0 ir� � - 0)

1- 0 0) LL-. 0 n .0 0Ito .� I- 0I� :Es-� -
0) .0 0 0

O I) I- 000 '0 C .00)
-(A 0 0 L� 0) 0)

O .00.0)0) LI
0 0 Ct

z 0 0 � 0 0)
�On -�

(AC -- ��> �0. I- 0)00 - -, 0�. 00
0) �0) 0�1)

0I� �On
0 00 (All

�edo -o Co oen c �-0)0.0
0) 00� 0�zl0.0 C0(A 0

0 � 00)0) - 0.0 � I��0
0- � � - � 0 0.0) 0)0'�

0 0 (A -0 - '�
Oc- �OIIfl

0
0 e- x 0-

S Ž->� � 0 VA 0± OnC4��7�4 � � (AC-

E � -- � � .0 bf) 00
.r Cc-I o�' -0 0-s - OS �(A '�'.0

*�5� .�.o On 5 0 0 00) 0)0) 0zI�(A 0 0)
00. 00 On N On �0 00 0-

00- 0%0)�-%� (A0) � 0
.00 0-4)

OX .$�)(� 0 -0� 01
0t 0- 10� � 0 0 0 � - C

010 a� Hu.�00 00 � On

Oat I
(A��b0�Z too- 0)00)4) Io �0�o(A0COnt

0� 0)00) 0
- oEZ '0� �wE- 0 0,E�

oI- (ALS0 0 b �-I- � .52

(II- <2 �
C 0

<I <I �0
0<- I -�-�

- z �I �I 0(A

IC 0 0

0 On 2 � 0

0o-� 00
hi en - (1 en C"(A� � 'C 'C 'C 0�- F- F-- 00



8772254

v-a
a)

Ci

4tc

a)

0z

a)

a) �,

0

'C vI-�-� 0
CC 0

� - _ t 0 Cr
'C-- 0- �-cc-�-r UO0-

�
_ a)SI� a) � E -� � E �

'C N 0-�0 0 C
� � � a)Z�C a- 'C t j a) C- 'C Ci
C�. � - 'C 'C �-a - -

�a) -� 00- C0-C a)
0 � 0 a) 0 *� a) o� Ci �- z a-

'C=ta)ttO-�Ct 'C� C

a) a) �j ci

-ci C40Ž'
L12Ci � 0- 'C&O 0- t. �C
Q�N*��a)L�C CrUL' SOt

- �ci-� � C
0

a)t�tfl
� �0 �Cr

0 � 'C�t ci�a) - ta)� CC� �a)
� 7 '0-�a-C � C C& a) 0

0 C,-.v-a - 0Cc] a)a)

0C�a) -- V�LI2S � A
ci CC�-Oa)rnt Cx' - - -

4
)Ciu'CCr

0 -
C -� C 'C � � Q�C - a--- � an-U a)a) 0-��-

�$ � � �e�C 'C 'C--
-�0�-�o a)�C��ci ���ci.C0 - -0 c

*d an a- a) V � Crio'0- Ca)
ctEa) a)

a)a)t
0

� 0 ci

C o��'o
0uccWC a � a.. U� *- 5
'Ca)coOt;qŽt ot .C C�-�R 'C a) u

'C Q
0 � 2ci � a--cc 0 - a-

a-'CQ�CcrC'C � Ccc t 0 0- 0 Cm UcflZ
0-0Ka)�� 000 Cr

-- Cl Ci U '0 � � 0 C � Cr � u cS
-- _ C-C.-. bOa) E a)O C2

l)� .�'S ���VIa) ci 'C- Ca)'C,>�0-
'ci- � 00 a- a) a-C � C a-.

� �b'��aC- a-o�c�� �00 .�InCr��CSS0-U,�CUCU &oZ�a
C-
a ci:

- ZIcc
cc -' ci
C

-I 0' a-I I 0
-d

§4

mfl Cl
ON

o Cr
cc

0
a-



877225s

P: Cy~~~~~~~~~~~~~~~~~~'

0~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

z:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C

0~~~~~~0

5 .E ~~~~~~~~~~~~~~~~ -~~~~~~~~~ C~~~
0J 0)0)~~~P t0W) 0 0~~~~~~~~C 0L

v>. .c~~~ o 0 )

70- 0~~~~c~ - - La

0 C

CY u~~~~~~~~~~~~~~~~~~~~~~~~~~~~C



8772256

0

U 4) ci
.0 a

- ci
ci I-

4) t 4)
-e C
cis4)4)0 2

�-. -v 0 4)
ci .0

ci U
� V

cci 4) 4)
4)0 Y

0Sc 1-
-4)

.0 .04) 4)
0 .- .0civ -

�I4 0 04)
0��

�ci 0±
4) >* -

-t - Eu
.0 �ci ci

0
00 cici 4)

ci 2� �
�- o

.0
4)> 0

.c4) ci 4)
4) ?-' .0>

- 4)
4)0 o0 0 06

ci 0 00. 4)
o Ž0 a '�o0 4)0

4 ) ci -t 4) 1-
4) -V

0
�0�0 0 Eu -ci
tn.0 ci.0 4) ON

a- - -
o

4) C,)
.00 0 'U
-o a 4)
ton 4) ci
04) ci..

- 4) V
-� a 0 ci5E-o � .2

0 .ci>� ci
ct-S. 0 ci z o
-� 00 -

-cao ci o
�0 0

4) 4)�-�*� - 0-4) �ci - .- 0
� 0 ci> - -

� a>� - 0
4) - 0 >- ci

4) Q ci� �2 2 �
-�a �. ci -ci � 0 :4-ci a Cs�-c� S S

& 00 0
� 4)4) .0 Oct 4) cs 4)C-. - �- '0 -ci 2 4)

Cfl 6 4) 1-rz�. ci ci � 0o
� ��ci0�fl --4)

0 4) 00 0 .� 0
.Eo t

� ,� 4) 0 -�
00 4)4) 4) � C Z4)

C�o � ci A �4) �
C- Lb 0004) 4U So 0 �L ci: � 1¼

-I � ci A C4) � 00 � ct � mm � C 0 0
ci ci t*-�

-e 0 ci�
o�. .2
,-.4) 'U

-t C- S
-00� -C � >��C- '-U 0

0 4)4) a
0

00
-� - -'� to.0 �

O OSH
0 0 � 4)<2 - .o�- �4 50

- � � -- 4) .00
t 4) 6 0<o - - 4) .2
-� - .� 4)

>0 .= �0t 4 4)0

4).0 : 000-- . UtC>� 0 --
<0 04)�j

_ S � -.o -� ciEA -- oh 00

0.0 EE� ZD

0 - -

1'5
o& :2



8772257

00

00

0�

It �
Q S
0(0

U
0(0

0

H

C

�C-� -J

H

I- C
(00 �

-e
Ed)

-Ct, �

Ct,

0

'I-
C

a
Cl

C

00
C
00

F-o 1
O -�

(00)
-�

'0 -r

4
Cc UJ

Cc, E
00

0



8772258

Q~~4)~

LU ~ .!

ZZ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4

- C)~ ~ ~ ~ ~~~~~~~~~~~Z
I- C

Oc .0~~~~~~~~~~~~~

0" I.,U <0

LI) Z~~~~~~4

0

4) 0 ~ ~ ~ ~ ~ ~~~~~~~~~~~1
Ct~~~~

U~~~~



8772259

-6 7. Z~~~~~~~~~~~~~~~~~~ 41~~~~~r

u~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0

72 .2~~~~~~~~~~~~~~~~~~t
>~~~~~~~~~~~~~

0~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0

C) 0~~~~~~~~~~~~~~~~~~~

0~~~~~~~0

In ~ - )

0 -e 0 :)¼C.) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Lfl I) C~~~~~~~~~~~~~~~~~~~~'
Cy u~~~~~~~t-
a~~~~~~~~~~~~~~tc.



8 7722 GO

f-fl0)c0014

0�

41: .�5

00
cn�

0)C
z

0)
a) at

so
C

�

a) -0�0

fl -0) o z -O .2 Ct 00 20)
&-� 0 o�a) 0. cm.0.0 0oot�t05 - S 240 C')0 

at
1:1) 0) �t -�0) 0- .20

� �r .00�0) 
-

0 �. 0 o�o .� 0 a) �0 00) 000
to ��

0
0en' tt) � a,�at- �-o 0) e.0�0 ��ctCt� -e

-= CA a)%�'�4� at 1 j,� C at -c01) � - -� 0 .ot.44 a)a) 0 0-a)0 CAa
* �0�a0)a) >-

- o� .2 o� -e 0 00
- � 00 00a) (Jan�,2OO COCA .20RUEO o�n �0) 0 a) a) c'� �20- � a)0.0.0 0 0 a)-e � 00 0)� -et �o

- 0)0 oIntn- a).0 0 -0
- O 0 VA .00E - at� _

.00
- ��-ooct� 

0 

0c� 
0) 

..Otj

a)t � a) 0 te��m0a)� 0
C 

,- � at00- -� >�.0 0aId -atat -�

�0) a)��Z t
0

'0 Ct 0 0 c-� *--Qa) 0� 00) at� cC 0)

-� � 0a)00 a)� � ateOC) at .2� CA� �

0) �

- a) at><
00))) at�j,'�-. 

a)� 

-
��2E 

.050.

'at � -�t � � �EE tina - --� � -e �ECl 
0C-a

C
Cl

o

� �'01- 
0CC 0 0-
0a) - 0�1 C'-) -0 - c-I f-n0
0ot7 '1- CC CC fl �0 'C

a
C 'C



8772261

0~~~~~~~~~~~~~~~~~~~~~~~~0

C~~~~~~~~~~~~~~~~~~~~~~~C

0)0 ~ ~ ~ ~ ~ ~ ~ v

C .0 .. a) 0
A

0CYP

a) 0-> 0 0 /

C - 'a)CQE VI' 00-

C'0) 000) C . Ao 0 C . 0- >.

0 b-A a

004-a Aa)~ -A,
0

-0

~~0) CA~~~

C- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~

C 0-004) Ct5A0 C



¾� 8772262

In
4)in

C,

4�

4)
0

4)
4) ci

C

C 4) � -e C-.
4) t

� in 4) o
4) -� -,

C) 4) 2$�-�4) 0 C,

.0 ci
�C�C C C-. �- �--

- -eci � C)
C - -�.--n--N - C 4)

L�0oo -� 2 - C,

- C- �
c�ci. U - -� � -�-� o

-� 1A 0 -e -
0

4)-�Cx C
-- 4)4)> 5 � �

�4)4) C - CC
- -o �2 � -45
- - $4) Cl Ci � -4)4)

- -. C C
- �- - -

U-C 0.4) - 4) .0�
.05k- -�

CO
0

C � - - 4)C, C, .. --- � C4)C�COt-�
C-in CJw-, 4) - $.- 0 .fl SICl I- CC, C)4)� � 4)4)

- 4) L-4)-dtR

C C 
1

-C, S�CI�CC�C,
�4) � $ C- 4) n

0
4) C)-4) - --� C) -�I- c-�C 4) 4) mm

-� - - -
ci C �4) $ �Z��4)--

C, - -C C, 4)4) � o
- C)

4) Q<C - C, -�

C, C, CC) AZ
� C C .-� � 0 S.��Ctt Ci 4)4) �8 -� .--- - C C - � CC,

�Z �'
1

C ci 0 0 � .-.. '-.�ClC- -fl 4)C,�L�
if) 4) -e - -- 4) -- C'
C C� c�d 4)� '$CC4) - 4)4) 0

CCC)C)c.�QC, � 4) -� ciC- 4 1 ci -eCOCŽx�i�C4-.�.� 4)tClC C'
� �4) � C- �' do

CC -� I..� CC 4) C) C)
C- 4) Ct

0
C 4)S

- - - -C 4) � a =�- C�-C- CI�O -e ci�

4) 4) - Cr��CC� C)
4) dcl �.tC-CC &

.�

4)
Cl

� -I
Cl z
CC .-

-ci $1 �4I$I-W-?I -W 41
o � '-k '1 C

-� �
C

'C
- - Cl CC,
o 6 6 a 6

a



8772263

I-
o '0

Ca� Ca

Ca Ca bD

05
Ca 0 CaL

E
�- -e

Cd C.)Ca
-V -
Ca Ca

�Ca
ojo 2

Cl
- Ca Ct
-� .0 Ca�

*�Ca Ca

LUCd o� �

Cn Ct
Ca�t ECa �

.0

Ct-e �

29 Ca
_ -� a

Z
�

.0 Ca Cd (t�
Ca .0 .0� �

Cd.-.
CaCt Cd

Cd 0 Cd�. Ca

o .�'g. �-

'-a
Cac, -e Ca

Ca _ -V
fl.Ca

Wi-Cd
Cd Ca wi.. �

Cd Ca

Ca
0

.- -C -
0

0 Ca
OS)
CdCa Ca Cd

Ca Ca

uo C- � .E Cd
C) C .c - -

-� - -. CC
C 0� z C

.�ZCd -
Ca

CdO CC
-� OS)

-� c-Ca Ca
�Ca Ca� � 0 -,- C

C- -2 C.>� Cd 
Ca

Co 0�
Ca I.-t -, a�

0 Ca Ca

CC o CC -

Ca
0' -. Ca

CS�Ca -t CC �
Ca Ca I. 

0
Ca

Ca � Ca Ca Cd -�
- CC Cd � Cd 4- C.,
- -� 4- I- � 0 4
Ca � Ca CaI-

�C.'Cd CaC� Ca �t �' Ca�

-' � � V .E A �ca � tCa� EE � o

Cd CI A - � Ca Ct L

0 WLLJ � 4-Ca 0

Cd� 0
'½. .� Co
CCa �

CdCt Ca 4-
Co Ca --
L� CaCaZ

>-��002 0'Cd Ca Ca � a.
0 (A Ca� - C

_ -c -� Z �Cd
Cl Ca. Ca o- o
C.- CC

�.e �. -
o o 0�Z
Cl -Cd--. Ca

Cd oct
t (A. -� Ca

o Ca I. Cd<
00 Ca

� CaC 4- C-J� o

Ca 9

�Cat 2 a

5 Ca.0 U:
OCaC) C - �,..

Cd &----
C�) Cd -�

� aU
Cd �

Cd0 Cd- CtCd �

LLJ�
I-

0*



8772264

N
a)
On
C,

44z .�

cn�

0)
a) CO

F-
C
z

>� <F-

�a) C..
-zen �

Ct

0

a
a

1� C,
a
N
Cl
N
a
CM
00
a
00
-� 0
o
a) -51

=1
'at
cc

L2�

o%.



8772265

V~~~~~

.0 ~ ~ ~ ~ ~ ~ ~ ~ 0

0~~~~~~~~~

W~~
Li~~~~~~I

-2 )

L ~ ~ ~ ~ ~ ~ Z z
0 

z~~~~



8772268

t4

0)
WI
C,

�

CC,

4)

C

4)
4) a

C

a-a
4)4 -�

>c4) � a -c 0 a-a -� 4) a a �Th�4) 0d
a - C-) a a� '-) -
* - *--.�, - C)>� I)a o� - 0 .- st 90

-Q � 4)aa tC) 4) �

0 - _ N ct - 0 a
-� aIn- - *-�

-> C) Ž� � .�a - -a.
C, � ce�. � 0 o� a

4)ii �JBj ilL 4
ap
90 0

� � - -a
Q�0% 9 a � - S

WI rroa
C) a - In C)

'-a - 4 ) AI� �nt�a � �- cia 04) � Q 99 � 4)4)
aabj) -

- dt U9C% �

* 4)-a �') -

c-ca 04) C)

an c-c a � -S 0 � � u ta ci -�o�- �-d tt�5cn Oat -a4) 4)L� 4)
o� j� N C-) � 0=0 0

4 )
-a o *� � 04) �ao �a�a-a

aI-� 4) a 9 t��0 0
-

0
.ca 4) 4) 0 �0 o�-�n� a I- -atta 4)t 0

C) 4 ) aa 0 0 c tt 4 ) a *9a '-Ž a�-anj
0 acitCa �4)04) - ac) a a

c-c Lcn-6 �j� 2 -� � 9-a >� L-�
4 )

a0

taO 0 o
4 )

�
�- � 4 ) C�x0 �j�a �c- 0 �oa

C -� *a� tEl
$Cfl c� 0h�0a� a t Zz� 4)OC)

4) >�-
-d ac-- �- a� a9� � ac-c i: CZua�

-o & �4)'-�$� aaa� �2 e)
4 )

�
n0-- �a 0 -

4 ) t4 �
0 -C

4)�0 dCa <-�Z 4 ) a C)aC)- �bt atta c-c-c � a
L->4) C) 0 dct �flS2a <C)

Cl <-� �c-c0 �0C, �ca0 &�;� <� <-a0-=�tv

0

In ZI

a
-d 0 01 I*�zI zi

U)
2 - I c-cl c-cl

� 4)1 U -
'0 J a

a
WI 4)

-t In - - c-c
- c-I Cfl 0 -

o a et en en en en u �-

*0

0
02 aen t C



* 2' 8772267

rn

C,

C,

Th

Cr�

0

�J Cd

C

C) C) Ct

Ct Cd I..

C) Cd� - - Cd

.0 Ct - - Uc�
- C) -� C -"- - - 2-o .� CCd - C)

- 0- t Cd 0-,-� -

E S .Ž4t- Ct 0 C,0 S
C) -C U Cd

Cz C) Cr A
Cd C - I C) Cr Ct

0. -oS� Ct 4Cd C. In I-I C)

Cr - C)C)a QC) CO C)
0 .

-t-� c C)
CC C1 �. - U

o ��CdC C)
0

nCr
(9� C) �

Cr &. - -� > -� C. U C) - 0- U
C)

-CU - 0 II-' �C)
C UC -2-- 0 CC Cr" 0.0

CC) &C�� -o 0 0 0CC S �
C) OCr 0�0.

U
0

� CdCr UCr �C
QC) Cd C) C) *,-. CdCr n-. Eu- -C C)-J

� � CdE -
�< o U .)4 �C) Cr�J) Cd

C o Cr U Cd
Cd N ,.UIflIfl C)�-. C.� C ZO- �
C C) ZO C

b� Cd�VA
Cd� .0 -C- -CC--

- 1 �
C�

�- C)cC 0' �Cr
UICt CCC C CC-. - C) ct - NCd�o) z

-Ž4.C Lt�O0 (95 - -
Cd Cd - Cd

CO. CU � Ct N� � I-.Cd --- 0 
0 o

CCC Cd Cd �C) b.c � C4 CC) CCn�) 0.
�Cd �

- 0- CU - CC � LaO
- C)OC C

-� �4�C)0 1 Cd �oC .-.C 0�. a,
CC) oz Cd0.CC CC C)

*� �b C�
0 0

Cr2 CdC -Ct -- Cr>,
(9E �C � �C

tO ZC .2* -2 C)C} � C)Cr�.�C �C) CA�
C)C� �

0 0
C)CC C �(9-*�Lat U �

Cd� -

o -Cd Ct,- CasE .cE�E. �><
Cd C)E� CrL� C

� �-.E 5� Cr
Cl -Cd -� �u(9 � �

t -� t� �C)

C Cd
-C

c�Iz�I <1<
I,) Cr ZIZI
00

*0 01 0 I V

o Ct'' I2:1 � 0 00.0 � CZ

I LpZ[

K-' � 0

COLC 0 Cd
* C) -C U

- 0
- C) Cl r�-� -

Cr.� � In Cd

C Cr-



F 8772268

C)

Ce

�

�Cd

Cn�

C

0)
C) Cd
COO

C

C) � Cr
CrC �d)d) VVOO a
di�O) CC a

- .-C - diCe �
- - o .2 � '� o�z co -.

0CC. � �aE
A>' >-� � - 2 �

di CC) 0
-�

di. Cr �i Q�o� -o Cr

Cr 0) �c�o -

-t COoS 
=Cr�J 

�i

- Cd di C��Q �o
�VA�

C)CdCO -

H U2OC C)oV - Cr � - C0>-�. -
- C - 0- C) -- '�,L-. C)

COO 0-Coodidi 0 � Cr � 0
CO Cd0Ž-' r

di 0- Cr
0 0

a Ci
0C 0- 0 o��di Cd CO
flC) rO C)C.-U�� 'O� - Cr

CO -� 0 -- �-- C) -

Cd - -t-' C di
- -oC)�

C)C) C)� -= -di0
1 �

di

0- Cr .O CS - di

-t cdi COCd� H
��di0 00- � -coQNO C)t. -

0C)� a 0-2 �CCOCr
di'1) di

0 �di � - C
di - di0-

Cr� - Cr
c.�. �C)t C

0
CD 0 - C o $

Cd Or�>�C) -0 Cr Cr�di 0 0- di

Cr ,�di3Cr Cr Cd-C Cd C � 5di�2 (�) � a •
C) Jz��9 COdiCO0- _ -� Cd

0
0-

0 �
-� co 0 0

di 0 a -� CO CO

0- -C Cr -� - CoS -

0) � � Cr'�' Cr �-t E 2 0
Cr00 5 �

Cd 4 0
0.) �C 0 ot � di - -e

2Cd�CrCrCr�� � Cd. � �-�'�' - Cd -4
Cd _ � Cr di 0

di
C- 

0 ) � �
Cd � EOCdt t�z2 oo o� _ C C)

00 di.C� 4-.OC�Q C) ,�CO 5Cr 5c.�
�Cr C)

C)di��- C COn - di� di 0-
di � -, Cr� -�2 Cr Cr
2 0.t*s��-o> C-Cr Cd 4C)�

C) 0S--- � >'C)0 
0 �

,
0 0

uO - di

CCC5C) 0)0 � �Ce �o �Co.Z;, 0 0 C -�

didiC � Cr 0-Cr Cr C-
C)Cr0 � �4) 2�Ž�- - Cd -

� 2o.� C) "
-o 00 C)d�O t di0� C- diCd C)�C 0 di CO 0� � �a �noco

:5
Cd

00 ol ol o� olol c o
-V zi CO Z
o A'

C)
Cr1 Cr1 Cr t Cr Cr1

dii dii C C)�2Idi C)
'C >-I 0

0

0 0
Cr -i 06 0

'di (-�, S - Cl
en

00-2 CI� U - -

U) di a
a a a

00 0>



8772269

In
4)

4*:

4)
Cz

4)

0

C-.
a) .�
bi) a)a) 0)

(A
-� -e �-�c I)

0)E � - 0-
a0e-�E (A (A

� a)�OE'.� -� a)

� � C
-e 0-
a) .Z >

0 -
o-eA - C"

.C � 0R�C(A - eli
- Ce j�30C" �C.

-� *�(A - -(fl
0 )

0) - (A
2 Ca) .- CeC
-CA C-, - �- �

-- C CeC0"e� -252 -Ca)
� Cc,�C0)L2
�a) Q(A2�-�� C CO > �

CC-�t
LC�� Ca) �ag Ce

a)(A �-�C- 2 � -e� EoEE
L�Ce

4)0L. Cd�(A4)Ca) C)(A L.�C- 0)

-EVA
-t - (AL- � Ct C0-(A(A -2
� 2Z�C-soo2 =

�(A

_ CC. C- C- C" C o
� urOp0� 0) C-O..zU -.C a)

� C0(A0) - -0)0) a
C C rfl�Q�U. 0 (A C) C)

�

_ .2 C-CO C'i
-�C>-.

�e .��z2tCO>(A C 0)00.0.
C L-� (A.C"�&E�Z�

a) 0 ) C Ce C
�o C.IO 0 ) �U �.Z (A (A

C

In

00
-e o�oI oZ[ZI z
a)

z

.4) rn t
o 0 0Cr.- - -
-C

LU.-. a

C



8772270

C)

CU
- Ce C)
U) '0 o

CU
SC)

C C)

-o .CU

CU Q

0 Ce C)C) C)

Cfl� C)C) S
C�

C)

Ce .t C)

Ce 0
CU> -

Ce CUZ
.25 �>.Ec

CUCU
.0 �CU

C

CeCe CUCU C)
2 2

Ce
0

Ce Ce �C) CU
'0 L o

�"Ce .�Z CU .CU
C)> Ce

CeC) Ce >�C) �

VCe �0
Ce 0 ZO. C)

o to o-0 C)
C)
C) Ce '0 C)

C) -v

� C) CU C)
CVCe 4)
Ce � CU

CU C)

C)
0

40
CeCe 0 -
�-�0 0- CU

.22-5 C) QCn CU

- �C) 'V
'00-0 Ce
o--Ce
C)Ot 0 C)C .5 Ce

Ce
C)�) JO

� OCU � 0
Ce CUCU -

'0-Ce CU�4 CU C)
'0 CU Ce

UC) CU
�*C) C)

�C) C)--
-. .CU 0

'Ce� CU 5�0 Ce -
*� �- -�

� -� U �o tI... 40$ Ce Ce
o C)"

_ '0Ce
Ce.Ce-C _ 0- .-0' oo 0 z

CU � r-' -oC) C) - C)Ce> C) . Ce Ce - C)Ct) I� C) -U..
CU Ce CU Ce

�0 *�*� C --
�CeCe Cece C)

0 C) 00 '0 .�
Ce- o-o � C) - -

C) -�

C) '0'0 C) �
C) � 0 0 C)

� CeCe CU � A
OC) CU SCe � CC 0-0 CU c� Ce� 0

CC 0 - ,0
� �- z Cl A tC) .Ce

- 0 Ce

Ot('0 � LI2LLJ � CU �
-t CU� � Ce� 0

V'�. CU

C) -
Ce��> t.. C) �- ,- 40

C) C--
C)C)Z �5 C) Ce

C) 0� . o � bCe C)

0-CeC) C) z "U0'0Ce - 0-
CI 0 -� -b.� >�Ce

-o Ce.... .-.,� .CUCU C..
Ce C)r C�

o Ce 0,fl-�
0 0 Ce

�C ?
Ce > C) -

'0 - C) � Ce

- eCe C) .2
Ce >0 .- C)

'0 > .. Q) 4)0 -
C4-. CeC)� C) C

C 0� CU z U
0C) Ce -. - Z

0 Ce� -
Ce OC)C) Ct
Ce Ce ZC) CU

'Ct'-' C) Ce -Ce CUE �2
Ce � CU

4 )

CeZ
4 CUE �

� � �U �
-Ce

t24L. 0
(-I



* 8772271

I-
a,

C-

ttX
C S
cn�

a)

0

H
CZ

F-z
I- -�

-c -�

0

0

C

In

cc

o CC
a) -c

-� C
C,

-t
COIn C

4) 0

C)Cr,.... a)

Cr, S

c-C



8772272

(� .2
-� a) 

C-

- -

0

a)U)

0!! 
d

C-

04)0
�
'444

4t� Ut
4)44

oC)E

I 4)

a)

4)

- 0

s-
o *e .�

.0 -
'4

aj a) a)

00

4)44 a)

.0 -

Ct
(it

ZZ anan anon at ci cant

-0U) �at 0 C -ata)

o

z- � 
an

�R �za� � - at

�CC z..1 � g C- (a,-,- at S o '4

4) a) a) cC- 
'C

��eL � ci- -� a U E Ca

� � -0½o

e-r---.� � 
0 �- 00

E0 :�s <�A. -Sb&j � 0
32at � Ž�o �.e �

a) '�o 0Q0Oat at a) V Ct �

0 �i -� = Z -
-t �)a)C-

-d �) C 
C-Cc �.

a)att
C, 

at
0 '-Cc at�

Caaf) a�

- o�- � 0
� C 

zE -55 <a)�5

�-at - ��ac U)

LL - 4 �
a)tCa 'C CC ��atat

2 t 0
-�,-a

C �C an 0 t- atat

� aCana) 4) Sar �C4)�
- 'C u a)�* ar �'

C 0
04 -&- V

0 4)4) CC-at 'C 0an� 4)4) j0

�cia) .� � -. 00�� � ,� 04)

�at'Cct at-

5�t� - -� �0 t' -a)

� C� hCa� - C-

a) � - an -
� -ci

� .0 a)C--��t s?>... CC

-
44 -a)

.44 �C�4) at -Cao -

44- �ci L..r O� a)

�at �

_ 

-4)

anC 
at

4)OC4) � a)-Cd- 0� an

C- a)a) .- �C�an CtC.. �

'at 
t >C-�>� a) C)

_ 
an at L-.at

C ,t a)C4- � < I

C- tU � �VC-C at2 an I atat a) an -e -

I- � �cfl� Z I Z I

CC ,�.ci4j
C-

C 
an CI
a) - CaL

o �a..- - 11
pC-- 

Cl C>

'C -
0

4)C- -

(no C -j zi

at 

4)4) 

a)I

pa

00 4)�t0 
I

�

05 0 
C



- 8772273

C
rJ
di

C,

C.

4t .�

di

0z

di di

0) did)

CC -c C.� +Idi�� di
- -, C am

- �-*� On

0
di

- 4<C�% di C

C, - di �Cdi C 
0

di
0C C,

.9 0- Vdi� �C --

On
-� 02 C . -c di

di = C Cdit S.Edi -c 0�

4- C -� - C, C) C. Al"' On 4- - - di
� �-6 9 On>��d C di

Ž4 -e
-� c'C� � �C � tC� CC,

Edi - � � di di
-� "� >-E C- -rOn di

C
4 -

� C,
di 4- C -d

� di� 0 � dC e ' z Ci> di
�C �-'' N di di�t � Cdi �,uCe � >U N
- -

4 -
0di 4- ZO-� C,

teD. C (tOn -e
�- "CV -e C diC� 2

�d4) di -OnQ A C,
-e ¼-. di
e�A -cO C0 �

Ct . -

"'U � CJS�. � -�

-, di
di Cdi

Cedi �

Cr1S 0' -H-C
di.... On 4c�.C.0 -� >

.Cdi di(fl� di - C
di � On �9.Z N C,,� di *�diOn

� --- s o
Z C. di> � N

-e c�di� Ž
2enOn di.... �O >< cc C, C

4 - C-.)
Z �7Cdi di C

-4- en di C, Ue'� cc

Ct di � ��'E - VOndi

-� Cdi '*c- � - Qdidi� >
C,

C,..di 4- tdi di dic� - di On On C,
�-�C

2
) C�

2 � U
di C .C - -c 0 � di
di "' 5 edi..cU C,

0 -� -� $� V&� 0) �j�'di� On-C>.<*� On
- tSU

� 4- C, � C,

di -�

$12 zi
o C ci Ci I CI

z� z� 2121 C C

C,

:H H C 2�2� C

- - (N en 't - 0] en -

en en en en en u xt 't Ct

0 0 0

05 en '1�



�??2274

0

en
C)
02
C,

C-

1Iz�

0"

C)

C

00
CdCd

Cr Cr t C) 0 -

-o Cd

Cd¼-. 
Cfl 

Ca

-e t 2� -
0

Cr

0 C-� P C- -�

-� .8e � S o ¼- Cr

C � � *0

0 �o- C) Crt- 0 a
0-... Cd � Cd� C Cd

0¼-. Cl to a Ca

Cr o Cd 9 Cr 0 Cd
tCd O� Cd0 Cr

0
Cr

Cr0 Cr0 Cr

Cd0 00 C) CdCd 0 0

46 � 46 44 a Cl Ca0 C)
00 0 _ _ -

.0.Ca .8.t � Cr CdCd CdCd Cd 0 Cd

Cd Cd �-e '.., 0 o� C) -

>> Cd.0 00 Q - Cr o Cr

-� -� Cr .)4>4 Cr �2444 �

ma 0 9.- 0 00

CdCd 0o.0 C) CdCd Cd
-- 00 - 0 taIl
.0.0 Qe.

-Cr - 00

00 0 Cd 00 C) 0 000 .-� - .20
.0-0 - Cd

Cd Cr
0

-" Ca Cl 0 o-
2

00 Ca to

� d..co C-Cd ZN ¼--� Cr
laIn C) Ofl C,

� m:� 9Cr VIA Cd &VIA Cd NO-
0

CrCr � - 0

*�O >�0 � C) 9 COCa Cd�

>o� CdC)� CrC, jOG .�

-&'; Cd Cd � 0.10 �Ca CdC� Cdt -� -e 0�0

� C,>0 0 -- �0 � 0 0 r�0

000 00o 00 �00 N Ota

C- 00 Cd� _ tao

� co0� � C) C..)�1000 o Cd Cd
o�. ��0oo � 000 - 00

-CC 
-

00 cx 10Cr '� 0.0

moo �'�o 001) z _ 900 Ca Cd0.Q

Oaa oo� �q.a Y 0 0

- ;25 � �CC, Cd � � Cr-e 0 a
�CC, ( zu�.EE 28 oSE 08 .2 C)oo�ldZ
�CrCr 0 CrCr L� �CrCr 0 Cd�< C-t0Z� -�

Cl Cr0O .0 Cd .0 C, Cd 00 Cr0
1
) C.) 09 Cr)

oo.0 - 0.0-0 � CJ>�J} Cr Cr 90

o -o � Cd� o-� Cd� -

0��
�0

0 
Cd

zI zi HA Cd �I ZI ZI
I � -I

0 Cr XCr 4
Z Z�Z� Cr

o 
I

V. 
C.) 0H 0 -�

'C Cr1 I�I
Cd

cc
I >-� 

0
Cl to 0 - Cl en

tao In In In .2 K

C..) 0
V..



8772275

WI~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~~~~~~~~I

0 0~~~~~~~~

0u 75~~~~~~~~~~~~~~~~~~~~0

4t~~~~~~~~~~~~~~~C

'I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1

z~~~~~~~~

ZO O ZQz

c~~ c~



8772278
Sn

0)
bD

�

Cn�

C0)z

C) I)

C C

Co C) &- C' -

o C-' C�

Co >0) -C- - C -e
C) CO CC 0 - C)- - �0)

C) s C
0

:.�C � C) S Co C-
-.o�C > Sn C- -c

C- - C)Co - - C0)1) ��%) � Co � - C C)
C-

C) C -C CC) XC)Qr Al CC) -C) '-�0 '-�- �--� 0. C
-� C��I) C� -� CC C

c--C): C -C C C - �Co -�CC 0 -C Cr- C--� - < C�) 2- - C- CC- Co C)>� �
C0Cr§� C)C��C � c'lCo - -
C) C - C�t, -C 0 C
- -. +I-J-j 1)0. -, C) C C�-CoC) d�C4 �L -C� �- - -C,C
C�C) VI Crt C)'�'

-- -- Cr,�

- -'--- -CC CoC ;:-� CoO C)If)�Co C)Coc�.-C C C-CC) Cr -C C-C�C) C 2 CC �= C) Co
C- 0 -C

- 0 0 C C)C)
-� C � 2� 2� � -Coc2' -e Ca) CoCo 0.00-- ,C CC- C)SnC-C -- C)C) Co -z C

C) &x C)�

C- - 0� -- C-� Co-CCo C� � - Co� C
0

00) 0 '� C C
- C�AV C)Ž' COC< C)

0
-

Cc- � Co CdC � .C'.-. C
C.-. -'- --�C)A Co� � -- C)

�C � C-� C) C CoC-C)C) C) 2 0.0 Co
CU> �L�-C � C C)> 0) - 0 � C
0

C) C C C 0Sn CO C �
2.COC) C)E"� C)'�'C C C-C

'1- Cc - C -� 0) C
0 C) 0 0 C-C-. -C� Z�fl C)c� Cot C) CoC�. C-�'� -� C�-Ct C)C O..� CC --CCc CC C-.. 

1 ) C C C-C- C - COc-i C r -o C)t CC) C)
ON CC)C-C-- CC� � �C � 2
o �Z � � <U E� ?J'Z <2

C) < C

z I � �
N C
-t
N C

a
N YI
N C) 1)1 �I C)i �I CO

Co CCI Col Col CC! C CO
�0 >' �i %i >i

C
C-f) - - c-I 0) -

Cc- 'at Sn �C N - - - :1 �
- C 5 a a

C/C-C �' C> C' C�' C> - - -LI)



8772277
I-

o I-.

C) C) o
'0

4- 0)
C) ,� C) I-

V

C,�- *0 C C)E

oS Q
C) C)

cn� C)C) S
Cl

C) *
�C) C)

4- CL .Cl
C

� C.C� *�

C) �

5. SC)
C

1)0)
-- Ce C)
00 Ct

-� C

�Ct .zz
Cl �4- -�

� Ct
-o

oz C) C)

- Ct CL %
-� c. ZZ� C)
�0� I- -
C) C >
C)Ct -d �4- C)
1- -

C) � 1

-� ON

Ct- C ON

0 - �JCC C)

CC CQ '1
La 0 C)

-� C) Qct -

c. OC) * U, �L Cl

�,, -aE� Clt .5

0- � �W) 0
Cl C)

0)) 

Cl�

t.. 0 �Ct Ct

C) SPa o� U0 ) �*- en
CC C0� C

--- '�'Ct �*C) � 0

& �jj _ _ Ce E.� *�

o 

*�C)

CtCl C� U C1�
OOC) C' E.� �

C1)� CO Ce dcl

C 0�Z� C

Ct��C) -C � -d .C �C C)
� C) 5� �

- La L.
Ct ClCt Cl C)C) � -Li..
b-Ct - Ctd 4- L Ct

C) � CO -z � C)

e�EVIA 00 C C) j .Ee �Ct La � - C) -u - 4-4-
� C A C)� 0Cl CO� C Ct Ce A - C C)

C � 0 �C) � C) -�
� Z

0. �C) ClC)0) C, C) -o _ � C)0)C)�
Cl U�Ss C) -��Ct
ON �CC Ct *�La �
o CC�C..,C-.. �* --- 00 'AC) �
0) _ �Ct

- -<I � az
<C �-' .0-' C- -ZI - �-.S- CC,Ct 

C)

�*4�-O �--V C) 1C- Ct C) C) -IC-
C) C- -C)

V .
g� .. � S (J�

V C- -Co � Ct � £C) 0.� <Lii
* -� - � �C) �-- Wi �j �C) � Li4<2! *C ICCCOO - <C >COC) -u �C)



8772278

K-

C
K---
I)

C-

It .�

00�

a) a�
C� d

0
�A�A �

�C�C �

Vt> Z

-J
�) 0--�cn 0-

a

04

a

a)

t

a
-t
0-

cc

- a-
an
w
aS



8772279

V~~~~~~~~~~~~~~~~~~~~~~~~~

on=~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~D

M :.

>~ ~~~) )~4

I-~~~~~~~~~~~

4) ~~0

4)4) 04-~~~~~~~20

.0 ~ ~ ~ ~ ~ ~ ~ ~

Cl 0 D.<

12 0~~~~

Cy
Cr



�7722so

00

(N
0

0�

44z .�

0 CO

cn�

0

C

00
CO CO
00

0

C -� &.00l 0

-_ � � COo -- �CO0

CO CO � -"> (L.
COt Cc

CO t C <t -24 CO
0 at CO��CO to I 0 CO 0 0

COCO

CO 0N (Nt CO 0 CO0t.0
_ 5cc t -- 00 CO

tAl - CC �Cc

- o CO 0 � )CO C�fl

C)� ;W--' �eny A4 .2 CO
-- CO 00 -o �CoZ � 2

CO 00
C) - "'

-JO CO�- 0 0
.CC- 0.� 0.2 C�C) �-CO CC�. CO -

COCc� � �At �H coo) 2.0 0

Z0C) .0
>�Ofi �C

0
- � CO 0=

�'-' NO 0 CO 'V o.n.0

�-o- �t-d - reo - C � CO�
CO

� CO 0
$2� r1� -000�

- CO - CO C CO
CO � -o 0 " 0 '� E q- C � A 5 ±1 0 .0 C) �

t 00< z2�

tCOCO tt CO t C)� CO

�L-. � CO CO �%-. 0
0

NC

CO
0 .2 0 o 0->C)Cc C >� CO

COOt o 4400 00- >�
00 CCC) .200 0) � -� >tCOZ�

CO C� Et-'" � o-o C � 0.r2 Ct -00o .Ct�. �32 C)COCOCC�
CJc� � .0 C)&-

0
e 00� t�Ž

CttCO .00 � - ,yEo
_ 

�0

C 0 -- o. es CO 0��COC

0) z o<�CO� o CO
0 � Co- 'C)o to CO�050

C. CO.-,C), 
CN

-r -�o rnQCO �E�J �'-�C) 24Cc CO-�-

�Ct � 0 - too � N

CcCO CCCO to 440
0o Q>� CO .� CO -c - C � �o�-

to 0)�0 .0, 0' COOC.CCO

CO 00 �- -- 44000 �00 0'-' -
CO.. < 0t2��CO�Z

Ct.0 
oE� �Ž

to- o�5& � � oC.Ct

CO. >�c >� zo ��
0

44Z >C�C >COC >0.0
o -- �-- -- Oot -sO�,o -- COO .CCCO .CO - COC4� . CO

o

0
C 0

0 2
O CO

o
0CC -�A � �

- - Cl t In 4 C

C en en en en en en en en
C
A-

Cc 0



* 8772,281

~~,.E 0~~~~~

000~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

V~~~~~~~~~~~~~~~~~~~~~~ 0)0

> > -6~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~'~-

0 0~~~~~~~~ :-

~~~~000 Cr 0 ~~~~~~~~~~~~C

7- 0 0 C" :Z

o
00 ~~ 0 o , 0 1

0 <00 . N z

20.3 o<~~~~*- £t~~~ ~~ 0.3~~~ 0 0)0) - 0)0)~~~I



877,2282

-�5

U to

> >

Al

V A
N

n >

a
co ci

cl� C4

c ZO ZO0U



8772283

00
C-
0

a)
(0

0�

14;

a)

0

22

a)C.)
CO CO
00

* O),... C) � OC) - CO
CO - 0') I)CO 0 -� CO-C -

-� t'" �a) 7C COa)'-�-
C)0-

-� - a)
0 o

- �

- *-� Va Va -- �
cot I)a) C- �0') �

(0 -� d) �a--
0

00
CO 0*-

t�- �at

coo Cr� % 0
_ ¾ � �i t '�Cr

ta-i _

- � Va *- C) CO Va
C.-. it ��L-Cco.C Va00 3COco 0 -

�E �: c')vI<
� - a�..- 0 oa 0 o- a)� tV �0

o a) *�
Cr t CO � C) � �

- �CO Of) Va�-) o�o ca 0
�*- >t mrC-z c 0

tLa(0 0� �.-taj 0 �a)OO Li
Cr LiC)CO Ci� OCt0 �

>0 C�t C) �0 C 0i..C CO ,*-.-�-
-� � Ca) Va �j 0 ..C 0

-� i0C�'. 0�,.,CO(0 OCO
a) L.�

Van . �COL C.
Va Ct�� CA� C)

C n��CC tEooZ.�
a) Li Va 0�t
a) 00 � �i-�(O � CO OaAV *.0

0) � � >��
a) �0 �CO Li-- �t�tcO � 0 E� a)&C.0)� Cr _

Of) C VaOfji a)

CO...t 0 0Th0 � � -� �
Va '-cEO CŽ�

0 �
� a)� -� Vab005¼o LaO.) . COCOtO-t)-i (0ZV�

'cv > .-co'�-'�' �a
0

(#.. >...C....Va.cVa >00
o .0Cr � .. t-tCO.�.C) .uC �COCO� �ZIFC

in
a A

a)

a a 2 ZI
C

C
'C �
00�0 � I>

*1� r-C en0' 0' 0'La-)



8772284

00

C.-
0'Ca)en
at

It .�

Ct
cat

4)
C
z

C) 4)
at at

cc

a) a) a- - at
a-a) at -� a- 0 a) C
at- - at en

- at-
at� - a-- t at E

- at at a) --C at a)CA. c�- C.) at �- at-
at -0

�-C -� at -� a)
at at -Cat a) -� CC att�. 0 - a- --

'0- atAl a) -�- C entat - -� C� o a4. ata- a) - a) - ata) C�t - 0 
4 )

atat

2s C 02 -o 0- --- ..� - at at at at
0

�a) ata) 0 -nat � tat at>atC
atat .. Ž *0 a- C-4) a)dat at a)nat � -at -- CA

at a)atatda) Cat 0 �att>>- 0- C.��t- -�e a) �a- C at '0
at a- a) -- atatat-atat �at >� atap en at

Ca) �a) a- at
Z0 4) Oat at �-

a) � 0-c-. 0-0 a- �
'-C 

4 )
at a)- �

� a- a)a) at OCdt In4) at - datatoVIA
-at at �t �t a) 0 Oatat-at atCAC 
� 

�at at�

�- -5�too

o� 2• z a-� � Coat atatt< �a- a)at � Wiat -- at-- -Q at, �at - -t

at a) 0 � at �0 0

�CA5 0'a, 2 a) a)r �at at> a) a.�fl O� � Ct� 0-at "a) � -� -C
- � a-a- at-- "00
�* 

0 'E Z>'- '-� do
at� o-at 4) a- -� 0-0-a)at- at -o a)d Q a) a)at a) ata)

- - a- -at�� L�u
-to atat --
�ta4- '04- - a) 0 a-0

t<2 <� _ � � a)� a- atd
_ � � -a

t
*1�

at
at

In *'*1

� � �

2 2� 21 21
Kat �l y at�

00 0

'fl 'P r - rn L i)
0
0



8772285

00
Cd

C) C) 0

4- CI C)

4) -e C) Cd

-Cd
Cd 4-

L 0 C)

-
4

tX 
.0

cE Cd Cl
-�

0
Cd 4)4) C) C)

cn
2

4)0 2

* C

I-

-c .c - .0

Cd0 
-

Oi� .0

� Cd Cd.E �

C)

*0� 2 C

�0 LCd

C) o

Cd -�

Cd
-� 0

C*�k Cdi.. �

-00) Cd *

*0 C)

Cd OL �

- Cd 0 CdO. C)
Cd. L

0
>

C) Cd �0 C)

C) -t

Cd 0C) 4-
v-Cd Cd Cd

-o Cd�

0- C) � Cd ON

a 
Cd C) -

4)0 On

CCd 0 CA:

-o '-c

Cd� C)
Cd Cd) � -eCd

C-. Cd

004) 0 �0 .2 Cd

-
4-

- -� Cd

.' 0 00
00 C)

-� � a 
- Cd

-o� 
.�

.2 � - C) -
4- - L 0 _-
Cd -,

�0Cd 0 00

- C)u� -

_ Cl 2 C)
0

� ,.e �

Cd *. 0 S Cd

Cd C

O� so 
-�

-- 0 .0 � C)

CdS�C) .0 CdCd L
SC)

�t I- � -0..

�eC Cd� Cd 0

rCdd 0. C) Cd-
I-

40. 0

On -= *� .�0 C) LI

�0Cd Cd tt C) 0 4-4-
EtC 4)0) C) �L C)

00 Cd � A B
C) Cd 0�4-

Cd
0

Cd�L-. -- � Cd �L Cd C) -C)

Cd � Cd � Cd A CdL-.

C) �j Cd� o

C)r
o

0

LI 
*�C) 1

- Cd
'Or -� 0�0o CJCJ �

Cd.. 0
Cd 

0.
-Or -t _

.0 4)

o ZCdH
0

� -0 
= C)

C) -

�=e - * -

-
�4- C)

� �$0 - C) 0. Cd<
*� .- C)

> 
.0

o � CdC) 0

Cd)

- 0 � 
C)

o � � 
u �

'0 0 Cd>E �.C � £ oct

o.� � �

00 �-) Cd .0 
�

Cd �.
o2 �

ct.� 
� ZD

U2�-
o� P

0$ £2



8772286
00

0

00

0��04)

�

4)0

0

A

-� 2:

to �

*1�a
t

aIn

0

a
'C

a'C
00

wcl�



8772287

0' E
0

a.75

SE!

C) �

�l �

S C

t

- C ��

� E

z
� : S �-

�
zZ _________io - '.1) z 0

- 1)-- 1) 0
S 00 -� C - �o0to- 0 0bt ---0) --- �..

- - o �
- � 14

>� � 14�-o C) - U

- - h 0 - 0 o
C� 0�t- 0 t.�C. 1) =140 tIm

� -� -e It 00 0
..Crc C�C)C)Z 1) �1. 0)

-- C-� C) . 0 2
tO r-< 0 (�I�

CL o 14
-� C 1)00-

C 0)0)O�
0 .14

0- -�
1)0 - _ C) -� U -
- -c C) - -- _ 50�

0 OL-
0.��

0- 1) 0 1) - CC
�CL �'P0cn4 � 0> ..t;:½ Cc Wi

� - 0 �

- 0t.S3 ��=CC) � o
C) 0-.

- o
_ j�0 ho

0Cc -� � 1-
1) Cc 0. -.0 � -� 0. 00

o5�E o-.�20 C -
1)1) CC)

Cc*--. - - fl

�0Qd �

� � -�t-.S�E� E-e-Q � 0Cc Oaj -

.2 Z�to � E Oc � -o
0'? 0 14CA. C)Oo 01)Cl � - Cc� -

�-

C) ci �0�-- 0)cS
- -9� .0

� [ 1)Cct�a � z
C
0 �0 itt

C) 01= It =
Cl

�t 1) �' 0
CC - C or 0 -. ,�

-� '-� -zI
C) Z >10) '-I I

0-
Ito 0) -� 1) -.0

hIm 0 0) - I �I
0 � _ I - -.2 05:. 1)- -� - 0

- 0 - - � -

84 a a a- �-"



'0

C)
0.0
CO

4tc

cn�

C)

0

Al �t&0 C
4 �

-e
- 0', - 0

- Cr Cr Cr CO CO 0C)
C

4
.� C) C� C)

�CO - C) -a - CO

C) Cr - .0 - Cr

040 0�-� � Cr - CO � Cr
C)

'tOG) C) ',CO CO Cr C)

C)C) ONC) C CCO C)

ON C) s a CM Cr
01) C) Cr Cr C)

�C) Co Z�CO - CO o2 COto

Al �Cr a �>.. COCG
� 00 C CO� �

CO C) 0 C) CO
a CO� �0

ctCO
CO

C ,- - Cr

C)C) 00 0 0 0 �
C C�fl 0 Cr CO

C) 0 -�

�0 -- <4 2
C)a - 0� - -

C) CO�. CO
C) CO cC) CO

-Cl- -
0 Cl C) C)

CO Cr *-'-' - CO
.2

C) 0� ,0 01) 0,. -
CO cC) C. -e
C) C) NM- C)

X Cr

X�n C) - 'to L- N �Z �-''" -o
Cr CM', CO

tel CO CO - C)VIA
C) �ICr CO 

0
CO

CM Cr _ .. - - - C)�-� Cr Cr
2 - �-e - - C),.. U

K �CO CO 5 CO E�bCOCO -2
Cr 44 EC)C..9,9

CO
1

O ,0 t ...CO
C) ,- C - C.��- OCr

CM N CO CO Cr CO CO CO

VI C) _ 't' CO - 4- �0
CO CO CO�

C)
0

C) o CO >SCO v&* CO2COCr -o
CO� C) CO U',z � tCO.

2
8

0 'AZ
CO .0 _ C)

CO4 -
0 -t U4 -

Of)

�CO
C XC) � C Cr Cr .2 CO 0

-� �

0 CO
-C <I <I
C)CO Cr

-Ct
6

C C 0101 Zo oIo� 01 0
- CO z

C) �-.I�--I - 5 Z ZIZ[ CrZ 0
U

CC) CO U

0 CO�z-. .- 4-0
Cn� 0 .0 -

C) CM �fl - C. C C) CO -
U � �l- 'to 'to .2 '0

WE
C C

'0



8772289

o~~~~t

0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~

C 4)~~<

COOu~ )-
U- -z2 S Qd~~~~~t.~~v 4) Ct~~w

ci) C~. -~E

-- - 4)~~~~~~~~~

4) 0~~~~~~~U

r) C~~~~~~~~~~~~~~~~~~~~~~~~~~~4



8772290

\0

0~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4

0~~~~~~~~~~~~~~~~~~~

0 -~ ~~~~~~~~~~~~~~~~~~~~~~~~0
'o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C

O'~~~~~~~~~~~~~~~~~~~~~~C

0) ~ ~ I ~ I

0~~~~~ a~~~~~~~~~~~

0 00

7a -a

0 o 0~o

o 0
z O - Z

C,~ ~ ~ ~ ~~0 C



* 8772291

I-
o

4) i < 4-
4) 4) a. 0
ci � w In

ci 0.)
-ci I-
4) V 4) I.. 4) ci

0 ci
a a.

24)
I- S'4) 0 4) 4)ci H
ci _ s

-ci� '-�
o *� ci

4)0
0

S � L
-z .0 =4) 4) ci-

- .000 0> 4)

* a.
-E 4) V
-� SC Z -�

.0 00 ci
cici ci U
E .2 ci - � � 0

ciV ci
ci ci�.. .0

4)> ci Ca0 �
ci

cit ci 0�. �ci 0 � o 4)
bci a.
-a ci 4)
4)0 4)

ci �*4) 4-'-ci-ci - ci
Cfl4) .0 So . -- 4)- '�r b4� ci

ci 0 � 0
,cici 0 '-'0 -o
-Q a. 4 4) -D4) - ci 0_ -d 4) 4)

�4) 4)0 0 .0- - -ci 4��* ci ci ci
�'0.0 nil 00 ci 0 -Oci -ci 0 0I-. *cici 4 ) -ci -

00 Dci U4 ) Z.� � ci cici ci ci-ci --- 04 � Cu --
ci I-

.2 � ci *�4) - 4)-ci - 0 4) -C. -, ci 4--
4) *t.� U cici 0 u� 04),

0
4. -- --
* 4)

= ci ci 4) 4) �4)
- - ci ci �4) � 0 �o

� - 0 t. � 0
ci � .� 5 0-. -cicia � ,-� 0 0..

� ciV 4) C) �-- C)ci20 ci Ca 4)4) - 4) - CJ.j, a. -5' � A L LL
ci cit 4) ci

� � ci A -� � ci
S<-ci o a
V ci� '.. - Co�

- ci ci -I
�j.2 � o� .E _
ci. �4 4) ..4) ci �0ci> S� Z 2

-ci 4) -� 0-1)0
*0�ci *�0 � <a.

� wci� ci 0
.2 � 0 ci �
V 2Co
ci '� _ ,� cici 0- -
o � � S

0 0- 04 0)
*� -�:�-� *� 3t5 -g
-ci 0-4- �4) I- ci cia a.- 4)
ci -� 4)

4� ojo � '1�
C.- ci4)� Co

-4) 0 '�
2; U �-04) 4).fl C ci

ci 0 LJ C.) "C-. Co-� �; >� - H 0
0 ci C 'CC) - < 'Co- 4) 05 a. ci a.

C� �



8772292

'0

C-

�
cn�

CL

0

z

Cd
0

�

�Q�i �
-z�t �

CL

0
�0

0
�0

0
-t
Cd

.3

o
C)

-t -t
C)

In
o 1)
tn�

CL C)
C)

LL2



8772293

z 'C

o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~t

Z

o~~~~~~~t 0-

2-

Ct.~~~~~~~~~~C

-o~~~~~~~~~~~~~~~~~~~~~~t

CL C)~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~L

00 0 ~ ~ ~ ~~~~~~,,0tu
to~~~~~~~~~S

- C.) Cd~~~~~~~~~- x .

20 0 C

I 01)~~~~~~~~~
--e ~~~~L.C0 ~ ~~~uCd J

u ~ ~ ~ ~ ~ ~~~~C d

z<1 z"

z u~~~~~~~~~~a



8772294

�0

0

Cl
0

ci

Itt

Cd
cn�

0

0z

CC

AIVI 0& C- C
t 0 0 0 ci

-� U C --
U CA

-e - 0 0 �- ci -,
00 '-� - �0 (�) 0 -

-� 00 NC 0 S c' 0 CI 0
0 ci
;z�L-� ci L-ci

0 0 00
�4--r ci -ci Cl a�-

ci 0.0
ci dci -

C �- 0� a- � ci
ci Cr

CO V 0� �t.
-z -�- ci -- - 0 0
o -� I)

Cr -o 0 0
ci ci _ 0 CA - 0�, ci � 0

-ZCA - Cr� �ci -� 0 -

�-. -�+� d.-� V a 00 00 r o
ou� - ci 0

Cr C) C �- o
00� U � -s _ CA a-

- - - -� -£0
ci ,- 20 ,-�>z ci

- - o ci 0 Ci--

�0 -� �cia - ci ci - C
to - ,-. .- -, ci 0 ,n,0 - a
> ci .-�-C - 0 Cr0 - CA

ci o5 ,0
- a- Ct

0 ci CC - 0
ci �r � Oy V ' ci ci

0 ci 00- 0 - 0 >o o,�,-,
0

� - -� a- N �-ci � -�

ci C o - dl ci 
0

ci '-�VIA ci
ciciL� ?Ž� S - �

� �C�0 cic� S 0
ci ,tci Cr 24 On V

t5g�� � -� *tCr 24 ci N 0
�ci �0

ci 'I

� _ � �cici Nci
0 -i:c ci� - ci

ci�- --- -d � U
0 �Cr �a)0 CA uS

V � 0-Ci- .20
0V5 0 . � 2 ci a- ci ci ci ci ci cik

CC 0 _ ci - U -� o Cr a-
ci0.0

0
'C dci � .2 -�L cici

- 0'�- a--
CC - Žfl .Ž-' 0-. §-0 �ci

-CC-I -- �--- -� -� s�. � -< V -20
Cd a-sfl ,(� <y <�

Cci -i �
0

z z -� � � �

kQ > U ci U
ci

Cr IC/i �,jtICrI CCI

�
�0-

* - -ci
C' 0Th ci - -C - Cl

0 - 0 -: -4
CC- u ot V �Th IC- 5

LOS
00 a a
at. ot 0 '0



8772295

to C� 8 �S

U 0
00

>

Wu

vC4
L) on u W)

ooon to M Z;;
CL

bb z -aon N

0 0 0
0 L)

> 0 0

V u cl
>

z z 7-

0 0 0 0
z z ZO z z

0

on OC 00



8772296

'C

0

a)

It

00

C)

2:

a)

0
-�

La

0 ---n 0 0

U -� 0: Cr
0 a) -�0;f)

- F- -e -S
- a) - 44

- - 0 -
0

Cr
-� 0.

.0 0�
0 0 a)Ž�

- to Cr 0-a) a)
a) - - - C.,,

.0' a- -0>;:.
o c C
- a) Cr� 0

a- a)
CrC

a)- >' t-�--
7, - Cc
an 

0 -
C 0 a) a)

0- 4)Cr
- C a- 0 2
C. - a)
- 0- ta- a-)

- a)
0 0 �a) - 0-c
Cr - Or 0 VIA
- -� o� 0

- a) -t Cr 0.0
a- Cr -

-� -� �c-cc- Cr0o
o 0 Cr .0 �c a-0 - a)a)�
a-) a) CIO - �a)a)

a) 0
2 Cr

�- Canona- 0t00
-� .0 >N �C�a)
a) j 01 -

Cr 0- 00
C 

2
aj

- a) a) > C an Ao a- 0 a.

� -
Co
4U � <I <I

- -I -I
�0 � z
Co -
.44 2I �

o a)
'0 �'*

Cr 4)1 4)
0�5 -�

'C- >- I
�at0 C
'C

I-C - - Cl
C

a-n _ 00> 0>
LL42 0
CC 0 0ot. �;



8772297

I-

o 
to

di� 
di 

C.-In

Cl 
C)

�Cd 
I-

di '0 
di 

Cd

V C a.

SC)
C): 

E
1- -o 0 di

Cd
Cl U

Cd 
v
di

Q)0 
5
Cl

I-

di

,0 
di �

o -
CdQ �di

0�.

U)', 
ClCd
C) -

,0 
�

0
InV C

Cd 
Cl0

5" Cd diV

00 '0 0
Cl. C
>�.di �

CC) 
to

Ct -o
Cd c�. �

Cd 0 00. di

-Cd to 0.�)
Et .�

Cl 1 �
0'

C,- - tot.�. Cd 0'
�Cl di -

C)
0

0 � di

A.

CC) 
ct.. Cl di

.eo-*� CI (j)di � Z

C.- 
Cd

o0 di C diC .5 Cd

-- '- 0 
Cl C

55 - U
Clot � 0

CC C

�C) C)� C' Cd di -

-to � o - 5� � --

.2 o.> 

di

di2 0� - I-

Cl= too Cl�dib, 5 di .� di

,� 0 .-. � C) -

Cl� 
0)

0 In 
0 -� 

0

C�C) .C � -e .ffi � di

- Cl Cd � di�.di Cd -

- fl L � C
di 0

di 00 � '0 .� ot�. 0

0 
Ec L

C) o Cl '0'0 di 0 o

�C) U) di di - di Ot -, C) C

In 
�- U.

� ii di
C'

V Cl � Cd Cl A ...

� � C

di 
Cl �

:0 
C

o�o. .s a

C' *-. 
Ldi Cl

didi 
1

'di � S

�o�Cd 
� S �

C � S'e2 
.... 0 Cd0

0 CC to C) di �

Cd _ Cd 
� -

tU 
L

'noCCI -- 
.0r� di

'0 
. I-.

L- 0 

C)

C)

di 0
di )- Cd

Cdi � Cd C)� 
�.. .a- �

0 0�
adi 

.. � � U �

ONto 5
0

di di 
di.C ' �C o

I�) CI .0 
oj LzJ C.)

Lo C. �

0 
� Cl� � a.
S

Cd Cd.0 
Cl

LL)S >5�z



* 8772298

0)

0�

It

0

r� Z

�-�e -�

-zcn �

Cr

C

o 't

- C�)

o Ct

on
CC) C I
KC� -z

C)

00 -

ge.



8772299

V
'C

Cl
C

Cu
0

C,

C
ClCl

(-A
-Cl

0
0

I 0

z
C

- Ca
0t�

.co
L

yZ

00 0 �O
C,

I- oS 0
CO-.04 ± -

V zSt -� 0 �-0 .0
0 � - 0
,r� S OZ

OS 0 - 0

F-C �O -
-O

So 0 0 2
:<� �E � & � 0 0 .-4 - -� 0>0

-'S Ca C,,

- Ca � C,) 0 � 00*-
O�e C� -c .0

l� - 0 o0�-
�CJL-0 - -- �)C-0 -

&QOCELO � .000 � '0
C 0 CC O'.'�
C) - 0 C, t�.

-- c ,to

-d � '-i-
�00- � --5- - C)%�' o

0 -� �
0
d

� 0 V --
00 2 *�O0L� 0� 00

CJ.v �d �0 ��-0
C, -c Ca

- 0-0
0 � >0k-

� _ s-u

0�0>� � Cl 9 ,, �00

oo�o � -0 o.--�

cc C)�'� 0�, 0 0 -e
0

.0 � C)
Os-� (?)� (JO

0 C
-� C
00

In�OJO. 
00

*0 01 -�
0<

00
C.t -0

04�j

rfl -0
5--

ICa.. 000 - Cl - Cl0 - -

Cl Cl c �

2



87?asoo

Cl
a)
bi�
N
a

zTh
Ct

Cn�

a)

0
z

-� C) at

o a) C a) - 0
N Cc 0 C) rn a) Ca

C) - N - C)
- - a- C) a at-

N a) 0) - at
-o

at E C tad
�0 0 -� at an
a- at a) Ca N

a) a a) .5 C) c-I
a)-- 0

AIVI N a QC)

-� ±1 a -�

Ca C - -�. C) 0

-a) - an tad C) t a-C)

C) Ca 44
-� C

C) ,- ,. - �o - >7
- -� 0 _ N -Ca-

-- 0 C) a) - �) - C)
a) - Ca N - - Cr

0-Ca Ct C) SC -�

C) at C -. Ca
- - - -$---; a)

at - Cd - -

C) >aCc a �4CA Nat

-� 

8 
o� 

an

a) a) a)
- a- Ct

C),-.. �. a ata) -" �Z.E -� an
at, an 6 a- 0 2t ;-C a) -

0�i) tC) a)�fl - a- N
C) .- - C -

C�) -� a-
,0 +it at

Ca �-Z -� ada 2at
C) an 0 a)
-� a) -Ca- �Caat an -� a)a
a- - N -
- �aa- � 44
o� &)� N N Ca

-- a) Cc a-C an
- - .�N C)

N -- a) an �-a) N Car

C)5� � :> � Ca >N NE

at N NC"

aC) a0at�'a- U >> uCa -
,at Ca-� a)N �C)-c
- N� :� Ca at

a, C) CdC) U Cta) N a)

� � .Ca Cc � �,0

-at Ca > N Ca �E-
ON -� � �jan

-� �

Cd

O 44
5Ca N Ccz�z�z�
04 U
en -�

a)WE C"

- 0- - -�

04 c-n -at 'C - - c-I en -at

en u -a� at 'at -at

a

at- en



87723oz
'0

(4-C

en4)

to
Ct

0�

44;

flCd

4)

V

¼- -

oCt 0 �-. too � _

Cat o Cd

¼- Cr S at -�

C -d C-
t - at

0 0 Q -
-- �.U COd A -- A

0 -.4o a
0-

-C 
0

Oat
-� Cd - CA 'CC C

Cd 0 a� -.4 0'� to

CdCd 'C at Cfl c�WE. at
I-. �o

-� CC 'C L-. o 00

0 - 'C �- - '- o
at C 0 O.� 0

at - -� C 5-' C.' _ 0
�C-fl 'C ¼-

A 00 
a)

'CU Cd 0- -a

_ - 0 U ¼-.E --U cr0

C Q Q
�OC.c.o C 0 L-. C/)� V

0U�00 Cfl Cd -�U .�4 C �Cr �

a�-4 E-o �o Cr

-Ca', �0 cfltt �-

Cd Cd Cd -� Cd
Cr .E �<�- -� C Cr

-�0VIA Cd- .� Eu .�F �0 '� C
Cd 

-

tt>

00- � .C .4

23�.oo Cr -� NOt � C0

�0 0�0 � Ct
a- 0 'C Cd 

¼-. Cd 0

N '4�� ..-Q Cdt C0-u 0

a-. - 00 Cd CO
0

O �- .CCd 'CL-.
1
-. Ofl CdCd

at .... C 
- -tat o¼ 0 Q

0 -
0 --- 'C 0

CCC

¼- I-a 
I

(0 Cfl� 5�
0 L 4)� 2Cd

440 *Zat
Cd
- 01-a--Cd CC

0 - 0 - .4d CC' - �-. V o� � C� Z'
0

0'-"0 a� -UC
0

,C

'C 0 ata-'C�-.Cd

�tCat'C -4 -� Cd I-

- 0 Ct A 'C
I-. - - 7 Cd

0 >
0

Cd >o�

Oat a0¼-¼- 'CCd

N�-�U -- -O �O �E -< 0'C .-�L�.-.¼-

Cd

an� <I -d

o -- -I >1a -i Li A A �
1- 0 0. C C

C -I I -

6C CZ 1 Z 1 �
05 U
en -�

2� � ><
Cd

<U

05 - e'i en
-- C at an '0 '0 '0

Cd

0 o

06 '0



8772302

U2~~~~~:

>>

V~~~~~~~~~~~~

u 2:1~~~~~~~~~~~~~~0

- a U~~~~~~~~~~~~~I

c w4

N
0

C'~~ 
0 z

~~4) 
-~~~~ - -ZO 0~~~~~-c,00~C.- ~ ~ ~ ~ 0 C'~



87 723 0 3

I-
o �0

C-
C) C) 0

.CC Cfl In
CC C)

I.. �flC) -e L
-C
CC

0)0
C C)

CC
CC U
-C

C)0" C)(fl� C)C)
CC

�C) *
-t .CJ C)

4-.- .0

CC
0

�
C) -

-� ±
CCC
tCC �

CC
0 ,4-w �

CCC C)
-� �

00 -e
62 " Cl CC)> �4- -�CC �

1.40)

C)

0
0-
0

C)
t C)C) -v-.01 t�C) -

-� 2 CC
�flC) Cl� ON
Cl- . � CC ON

C1 C) -
0 IL -

0 CC-o C)
010 Qcr
00) -e Cl 0)=

CC- 0
0 .0- CC

� 8 � Cu C
CCCI - C)

�0 � *t*� CI �L 0
'C - Ct

U0 ) 0� .E � Of)
-� CC o

e-On CC- o - .0 -
.� 0-�N CC C) -

0) - 0� -e -. CC
U 0 �

CC 0
o-o� 0' E �

CC -
CC 00 t

00 �C) �
0' 00 C)-- -- -' CC C)- C0) � C
- � CC CC CC -

*O L. � C
CC

0
C) CC 0

coC- - V .� '-�
-� 2 = .�o �

�C)CC CU 'Ct C) C) -, C)
C) 22 � '-� � u0 0

-� 01CC � � A �o �020) CC 88 � CC IL �CC�
0

CI � CC Cl A CC

�
CI .-. -CC� �

�-a
0-dC) 0� 4- -
CC> C) C

0) C) C-.
-d to CC Of)CC 01CC CC 0-

oc� -� 0-ec 0-
0

CC -,� .0CC
C)-

C CCC� *1. £0 0-� .- - CCC)
0

RE � -� -�
C) C) 0-

0;� $
60 t.-. CCC)006 0 0� U �

C)� 0
>0 0 �-- - � c*)

00)0)
CC
C) � **e Z CC.� �

Cl t�J 0-
CCZ CCE � � LL2



8772304

to

0�

4t .�

Cz

>� <
� E-*z

-a
.=cr �

I)
aC.-

a

-a
*1� a
o Ce

tnt
C -

o
en -a
oj

<C)

(94

0�-



8772305

Cf~~~~~~~~~~~~~~~~~~~~~~~~~~~

CL~~~~~~C

Cu~~~~~~~~~~~~~~~~~~~~

C~~~~~~~~~~~~~~~~~C

cn

I-~~~~~~~7
0~~~~~~~~~~~~~E

Cu~~~~~~~~~~~~~~~~~~~

0~~~~~~~~~~~

Ob

60"~~0

CY)

. 0C



8772306

Cl
a)

0�

4t

Oct

C)
Cz

-� a)
2 0 0
- 00 - 0 0

>4 L-�
0 -4-� - -e 0 L- a) 0 0
- 0 ±1-0 0. �

-, Oaj -�
0- a--

a) -z d) 0) a) a 0 0 00 a)
-� 0 0 0 -

>o 0 a) -�t : a)
- 0 - a) a) ci
0 - t

9
�.- -0�0 00 Th- 0

-- 0 a- �-; a)

t 0 ta) a) -0014.
-� 0

a) N a- � �. 0 a) a)
-a 00 a) 00

-o a) t
0

. �o an o--,-
a). C) -�0 -c >e�4

0. 0
c�. 

0
/a) 00a- 0 �o - at

a) �- �0-0
o�0 at a 0� 00

>o an:
z *- �a) - - �00 C)a)

- 0 _
* -� o� �

-- � -S>4 a)

� 0 0 >-� �0-
oat � - a-0 00. �- N

00. - - 0 0-0 *�Q� 0 >4

- a) �o �0 00 -0------
-MO > - 0 -0 0 0

�an -5� �0, >4 � 0-ao 0 *�

a) 0)�0 t -0 � 2- --

oa- Oa- N 2 a) 0 -

o&� >� N 0 - - - a) a)
�0> 0 a-

0 -c -cc- -au-a0 0
Ž4 >0 0 u 0-4- 0 -00

-09 C).t -e 00
�a =0 0 -�
� 00 (9 �cna� 0)

00. a) (9 0 �S �a,0a)a)
�0 t <� 0) 0 0 a)00

>-0� �- '-

-I

0 � �i �
a)

0

0

(9 0
CA CA

<CA -- 0
-0

(9.0 en 0 - (N en t r
- - 0 -

en en t an hr

LI)
0 0
-* an



8772307

~0

U 0~~~~~~~~~~~~~~~~~~~~~

00

4t .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-iU

Cr~~~~~~~~~

4)~~~~~~~~~~~E

u0

2:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1E

0 OO~~~~~~~~~) 6~~~~ 10 zfC 4)

o C~~~~~~~~~~~~~~~ 0-

< ~ ~~rC 0 L
U ~ ~ ~ ~ 1 )C C )1

CY ~ 0C-.~- '*



8772308

'00

0)

Cd

cn�

di

0z

62
�Cd

Cd C) Ci 0 di -c

Ct

CdCi Cd

-� � �0 di - di

di.� �"<�tL-c.0 ,t - Cd 8
�a5cdi Cd -

-� -�

�O�Zdi� 0 di 2 6 Cd�
Cd 

0
Cd

0 cdidi �. 0 :--

.0 -

�di �odi0t - 0-

�
0

Cd.- -� Cd _to .� 020

di I di. Cd Cd
Ci 0Cd

V��di>tZ I- �di4Z.h4

di � Cdi C) di -A 00
- t - �fl0 �-"� Cd Cd

t�- --

- 0 0/Ct �-. oo
0-�0CdCZ��L di ac - Odidi
Zto 0 � � di. - 0 "�Cd di

a -� C) �"0 1< Z0 a �-o-c��. �- di di
02 0 

0
di - Olnin

0Cd0i�0� Cd� OCdvIA
Cd � - - di

di >J� E -�

�1 �- - t� -�

0 -,
�00 0 ' 5' S

Qi�-�- 0 Cd �CO
�-. >�

di -- di
di CICddi � di di �0 Cddi 0 �Cd

0 �/, .2 A 00
_ *�C)C)

�-o 00�
di � 0/ --

O � .9 �*�C�- o-. Cd Cd �- o. a

a�i�t�,diACj 0 � di di �5ss
'Ct di di
o �rQ

0
'.--di0 �. Cd di

'Ct -� <2 _ -� -

Ifl
o c<I

Ct:.9 z z

di Ct

0 0 0
Ctz z

o 0

en
'0
C di di di
0 >-

Cd J
u.t c-i - - Cl en

- . 0 -

m � U
0

' 0' 0%

o 0

0'



8772309

I-
0

4). Cu C-
4) 4) 0

In

4- Cu 4)

- Ct I- to

4) V 4) Ct

Cu 4-0 0�

�O)

*� t 0 4)

Cu Cu
t Ct -

�Ct 4)

Cu
I-

4)
C .0 .Cu4) 4)

4-�- .Cu
We Cu4 )0�. *Cu

->1 Cu 4-
�, 0 Cu.� -
.28 4)

-n - E
.0 LCu Cu

0
Cu

0 4)
-� .�

�4) Cu
V �.

C.oCt

-c C,
L

.0 4)
C Cu�.. �

Ct 0 �0. 4)Ž5. 0. L

C) �4 4)
4) Ct V C)

4) -t
-- Ct 0.4) -
�0V 0 4- Cl

(fl4) �0 Eca .Cu a.
tO .c ON
0� Cl

4 )
4-

� Cu ON
- Cu 4) -

C .
4) C,'I 4)0

.00 0 Cl

0-
04) Cl

-� �C.) V
C- 0

o0 " hO .� 0
4) C.) 0 0

- C
o Cu - C)

fl 0 C) CuCubL

4) 4)
Cu� Cu o

-Cd, �.0 Cu �
0�.. 0 - .= -

*� 0.>. Cu - --- 4) -
00 Cu C-

-�.0Cu .0.� C) CuCu 0

_ _ 0
_ _ 0 = C - -

Cu 0 Cu. 4)

� .M C.
O� 00 = . C

o4 ) 4) . - - -e .Cu � 4) 0
.&� 4) � 0

Cl Cu *
Cu0 3.- -� 0 Cu

Cu CIZ 4) Z0 V .2 0
0 - � 2 Cu

- .�0 4) -

Cu VV 4) Cd 4-4- C)
C, 4)4) - 4) tO 4)

I- 0 -- � A 2

� Cu tO Cu
0

Cu 00 Cl t-. tO Cu � 0
Cu A �'4) .Cu

� ww � � � 0

V Cu� o z

- 4) 3.- 2

t ob Cu
0 Cu 0

-Ct 4)4k C, 0..
o � OVC

C
'I- V

0 � .5C1 3..

C COH -
o � Ca .=)-� 4)

- 0
0 - � -

V Ct-- 0

- lit- 3--- 4)
0 ..- �0 - - 4)

- .. .Cu

8 C- 0S)� �Cu

- a e� � 4). C 0

- 04)4) 0� � W U
- 0 L�- -

t- C) 0 -� Z&j Cu. �
ICE � C.

-- Wi - 4-4) � LII
0.0 CuC Ct� �

Cu �

g�.



8772310

C
�0

sit

cc

C

�C-C �

A

cc

'�t
C

C

C

rfl I
<2

Ct



8 77231 1

cu

a M~~~~~~~~~~0a

0~~~~~~~~.

.0~~~~~~

u C

I 0 4)~~~~~

Mi 0~~~~~~~~~~~~~~~~~~~~~

0~~~~~~~~~

I- 0~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~c

Cy~~~~~~~~~~C

a~~~~~~~)M



Cl
4)
he
0

CDt
no

4)

0

�
4
- SO C

4) - 4) 0 0 00
0 - 0�e - 0<0 0

V-�- - - � C,,
- 4.- 0 4)

-� 0 - �- ct
0 -

C. - . 4) 0 c--C) Cn 0 C
4
-.

� a�- -� 0 - U z 0

0½ 4)
.0 _ i�. mo 4)

o c-i -
Ottj 4) 4 - 0-

.OV 4) 4)V 0 4) -

0 B C4- be
V - -

tO - c.: o 2
0- - SPa 0-

4) Q 4) 02 �. a
0 

.0>4 �0C.fl C '-. --- 00 S Cl

0 0 0 >4

2 4)0 Ct - 0 4.-

.5 a N- CD 4)0 00 4)

0 z Žt 2 � 00 C.4)

-C C. 0 0 � C.> 0 C..

- 4) oS z
0 0 44 0 5 0

oh -� 0 5 CD
00 0 - - 00

0- 2 0 �-' .�0 -- 0

4-�0 .0.0
4) ,0 -- 4)4) 4)

0 0 4�4 4.� �-. 4)0 .00
0 �4 0- 0(20 0 0

->4 V 0 t.0 0
o _ 4) 4 ) 4 ) 0 zx

- C � 00- C.. N -... 'nIn - 4)

o 0 0.
- N� -0- 

0 .0

-U *�(-� �10 �-0Q V
-C- - -�-� 00
C.- 0 0 �

4) 0- 
0 -

-�n -0��0 U V

.0 � 5C..� CC 44 �04)99 4)

4) 4- 0 �4 0 t,-.O� N
N 00- CC - 0 4.4 C.'
>4 �>< >�Zz 0 0 -�

0 - -.- S� � V'�0-4)� V. -

0 

0

0 .00 �0-0o0

U V OZ 04)0-� Ct)
N 4)4) -0 Cd¾n U

U 4) >.0 u� -2

U _
0 �

4) - t.050� 0)) 4)0 0�

Ct 4) 0 -0 CC �5 U .04) CC
4 -

$5 Wo�� '-Ot) o�

0

In 441 
V

R �
C.
4)

0
0

>..jCC Z i
0

'0 0

CCI - CC Cr CC CC

0K Z � �
0

Ci 4) t -� - Cl

Ct fl La La '0 '0

U2�

00 o C

In '0



87723J3

\0

C.-0en

C)tj�C-

4t

(n�

ii

c 0

�I)C)
-� OIJC) C)t.0

0-0 -c 0.tE C)

S 0
0(no C)C

4
.. ...... 0a 0- _

-- (JO 0
(nC) 0() I-

(J�
0 0 L- 0-�

-- C) .... 0. - - c..
*�0 - -

00 C0 G-�-z C) 0 - II - - 0 000 oil C C)
0 C)- 0 0

0 -, 0- (nO �" C)Od �o 0 C)�n o-t� Oc. - Rot
t� �o V0

j U(n
o0 �JU C)

C)
2

0.0 C)�
I-" C)
o -c C) 0� .0 -

Li) - en � C� C) 0EQ L�0 � C)� 0 0-t
-� �0- --00 C)

0
- C) �ig-

-� 00
.0 - �0 � -

0 - -
.�(n 0 0 C) -- 0 0L� 0C)� (- C ()� (-0 C) 00 0

(no 05�- to
� 00 �

U 0 o(- .000-0 0� _

_ 0

.0 .0- L-
0 � 0

�

00 <� .0 C)

o .o50�.Z �g '�0 00 00 L- 000
C)

z

2�2� 2� 2� 2
fl.�

10' 0

C), C)

rI �I �'K
- C) Co

a



8 77231J4

Au~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4

0 -ci~~~~~-2-
CY~~~~~~~

0 C ~ ~ ~ ~~C

-e~~~~~~~~

C -

0 C 6~~~~~~~~~~~~~~~~~~~L

cc "C - 0~~~~cl



�7723Is

I-
o
CC C4�

C) C) 0
.0

- CC Cl C)
o -v 4) I- Ci

t C
CC 4-

E
ci C C)

.CC

.tCC CC*0 � -
0 Cd C)

Cfl� E
Se CC C

WI I-
�C) .
-c .0
C). .CCC) C)

.0
CC>

.0
WI CCCC �

- S -
CC� �

CC
Cd

0
WIt 0

CCCC C)n .-. � �

�Cd CCC Cd 54)
-� 1-

C)> C WICC WI
Cd I-

.0 C)
C

0 � �

U C 0 >
C)Ci WI4- C)

C) -v
v-v WI O.C) 4-

Cd it
.0 CC� .0

WI
1 �

c
- CC C) -

C)
0

.00 WI -
0- C)

CC)
-v *v CC

.0 0-� Ci Cj�� V
C)C � Cdo 0

C)
0

0 .0- Cd

0 00 CCCC 0
.00-C) Cd� -

C
0 - Cd

CCC 05 U 0
CC� CC

Cd -
-� 0 - 5; .0 -.2 0->' Cd C)

C) 4- 0
U CC� o

_ 0' 5 t
= WI

0

CC � 0- 0 CC� � -
CC 0-& 00 0 -

4 -
C) C -,

= � -� .0 � C)
-- C) C) WI

- - CC Cd CC 4 - C)
Cd - .0 �. *-'- o Cdii I

.Eo
�U(i OC) C)

C) - -

CEo CC Cd U-
4- C- CC

CC � CC CC Cd� o � C0

0 . CC t.. -
C) Cfl� CCL. 0 Cd
.0 o�o. .5 z

CICd� � -- 0 WI

� � �s C) Cd
C) C-.
CC
0 0

Sv2 � 0-
.ed.� C� fCC

In -m WItZ 0

o � cC

_ 2
WI- C)

CC C-. Cd
CC � . A

.0
.�
C.-. Cd

0 �

Cd

C �
w U

0 c�
- 0 Cd -Cd C� CA

.0 �C) CC� �
CCE �C) � U-

�.C � LZ� �Q Cr

� D=



* 8772316

a
'C
0

C-

It .�

Cd
cn�

(C

0

2:

t
(C

*1�a
.4

a

0

'0 -

t

S

0

0

Ct



87723I7

Cu
0

Cu
Ci

Ci
Ci

CuC

C-

I-
0

Ci
I-
o
.0 Z
Cu

Cu
Ci
I-

Ci
Cl

Cu
Ci-

Ci Ci
(/2 Cu
�,.0 Ci

=

V. I-
Cu

'C-
Ci(/2 .� .0

Ci

CuC,jO - I-
o 0Ci

0
- CC 1-

-� Ci
7 C- �j0

.0 -� - E = C, 0 Ci
.0 �* Cut - 0 -�(1 -- 0'0'- - CiU C) a --- c, CIC,4

-- - � -� Ci _ _
� Cu Ci 0 (.4� 0

- '� CiV 0I)
t U V 00 CU Ci)

0 Ci 00 -
� 0 � �t 

4
-Cu - � -J V o.

- Ci Ci - 0 - C
CCC, LO .n 0Ey 0± to. So. Ci C'.4 - CiCi�C.�, � Cit Ci Ci �

S 0
c 0. 0 CCL. . S

I4�Ci Ci)-- CCC - 0�c.z.
-o CiC Ci Cir -0
Ct _ o.Cit�. CCC) _ <Ci

0 0.0. �Ci c.4 Ci CV C
- Ci>L)CV - Ci

C�. Cu. - 0�jH � -�
-� �0Q)�
CiCC �,.Cics Ci '.4Cl Ci S

-� S
-z 0t�

0
t 0Ci �t< � -

0..E� 0 �
O � - �-etCi C)

JC� .0
CiSO CCJ VCC �?

Cu'� '-Th tSo V �'2 � 2 2
- u� Ci0Ci4-

Ci 'a

- C-. 'a -,

Cl LO-�- < < - o Ci
CC..CC I � c�

� Z Z �
o .fl �
-I- 00.

a z 2 2 OF- 2:1
Ci'a Os I

'a
HF Cii Ci 0

on >- I >- Cii - -Q

- CC

C� L

Ci 0<.0 ..E *1*

St 0� 9 0 0 0- Cl Ifl 'Ct



8772313

mn

0

Ct
C-'

�

en�

0

0z

(4- a eflo �4-'
o C C.C C.C

�0�
- - - Li.

0 ci en 0 0
- 4-c- - dO
a -� ci U - C- t>4' - (4- 0�
C- � cn 0�4- --
C ��j0 00 CCA enC
a - - 0 en
(N C-.0 �C -, 0 -4o 0 CC>- -

UC a eno
0�0 u�

0 ci Cci rn en (N a C0 (fl
�0 a a 00 0 00

S -Co 0 a
.den 64 0 -o CO II�'

- (4- (4�C
_ - 0 q) 0 0o o ci - -

C � dci 0 - Oci -Co 0
en - - »0 eciC
-C C 2424 E nO � 0 o ->0 �en
C - - - en" Ct Ca00 0 en

-� � C
>4- �X�CC C 

0
C ene Cfl

ci 0 -
0

ci �0 I)

0 OO�
9

'<� 0 ci ci C 0 �en
N cc�>-�

4
fl

4
fl 0 C*>

t�SVIA a C EU �Cci ci -

�a �2 22
-d oCt >-4

ci en N
0

- 0
CocSCC -� � >�-d t�

AZ
0 ci - 2 4 en ci o�-4 N (-ci -

ci a.� �o-�
00 ci>-> eno ci5�a �oZ (>(c.cr O�

0 -�. C o .->C 0 a-fl o
�ao ci oc� CC> o

-oc� -e�t a
0 cit en � �-a� �2 ad� en2 � -.- � � Ct�a�

US -� - oIz
� 2�Ed�2o >.ci cno

Cc> -o-aa 2� � C "0 - uI�
- -�-�gss � "' 

0 � Da 0�

� 0 � ci ci U o � - C c.-
CC �Oo(rcfl -2 � �C o�E 0 � C

�O ,�c Al en Zi ZI

0 � I 0212 7 2� 2 H H H
u

0

2 C

(N 2 - p p
en 0 - (N

"r Vt

a
\0



8772319

In
C-
0

rfl

Ct

o 5
0"

Cz

t
- ci a

- .a)a-..-, tO

a 0') �a)0ci - -� 0 5
C a

-0 �.0 a E LO
03 V 0) .0

a r ci

- a -

a- C. a)
C�. Ct a - -�

0!) ci en I- a - 2*03�
a - a)

a)�a �Za.n� -a
-� aa. 0 ) CI� -

-a '-�- -

a (fl C-ci0�LOa) - - - a
- en C -aci a a atO�o

C- 
0 3

-�C�i C. - - '-

� a c '��0 a)
ci S £t- -

oo�0 -

o ��aCt o ci-Eci ci�-z - -2�,
IN a� t

- ci

v C. Sacioci L

o
00 a Ca -c

a�0aa�LL. -Oci---ci a a 0)b0 -
- 0 �en a0 3 VV. 0 3 a ci -ann�cia VQ 

a)

ci &E� z�0a)cid S = a

- <VIAa V a)Q

C � � - Ca
o a�aa

ci CCa)LOciaI 4 � 03 a
ci 00 LO

.fl �.0C 590 a - -a ca
(fl *�cia)�I - a)CCda

C a-cpc�ci -� - a -4) L

-� ICflQ.fl � >5 0) ci

---- � ci � a) ci
O a �aaEo �r�-.-- cia- -a ci 2o��

� �0(�Ca 0tZ 0 -n a a 0 aa
�*�a) a)fl-t

0 3
0- A .C 00

� 0 0 0 a 
5 a� *� a' =� %t�cici

- aa Ca
ciZ a) �0)�.E0 �a)

ci - a Ct
- � 0) Lfl�2 C�

*0 S
<I �I a

In $1 - SI IC- A-

- a
cicIa 0 oJ at o� CI

z 2 2 a LI LI
a �'

In

Ir". a>< <
I- �
en-a 0] - CA
<C) 0

a 000 00

a
00



87723:0

In
4-

0 

a)

0) r�aJ

.0a) 

atto

�-�at 

I-
0a) 0E

at&� -d 

I-V

Sa) 0.
�C.0 

a)

4�4) 

0�.
4-.- .0

��0

-o at

�-I0 

a)
-n 

0

no 
at

-o 

0

0--

ci�at 
a)O 

�0

n4 � *�

"ci 
-�
at

-o
at 

0

00. 
*�

0. 

�0 
�'

a)ci 
-e 

a) I-

I-- 
a) 

-V

0

-ci

.0 

4-

.00 
0 

Cl
a) 4-

0- 

4-

0

00.0 

.5
a)

I- 
0 

ci
.0 4-

-� C
00 

C.)
.00.0 

'0�

a) 
to

*1 a� 

-

-� 

'0

j-e 
u 

ca� o
0' 

- -

0 

-� a)

.�ci 
-a

0

*
0

a) 
C

at 
a)

to 

0 

Is 
-�

Cs 
-

O� 00 
0 

Cl a)

ci 

a) a)I- 

ci
C) 

a).tI- 
0

a) 00 � '0
-Jr 

4-

a) 

4- 
U..

0- 

-

I-

.Eo 
0

� -�-� 
�

-L

� A 
-

- a)

>1 
-- 

Is� A Ca) .0

C t202 � 
--4- 4-� at

0 -
Z 

±0 
0.� 

a)a)fl
_ 

S
-� 0 

-a� 

.0

-at 
ci at�at

-
0 0o 

-o* - -ci 

0
4 -

a) -

oIra 

-�

-� 

6� .0 afl
at

IN 0 4- cia) 0

S Utz

0 a 

0.

-
0

0 0� 

en

-- 0a)a)ci fl

a) ci 

U

cfl� 

nO

<.0 
cia)ci



8772321

v La~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~a
;F~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~d

La~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~a

LU~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C

CY



8772322

FINAL PAGE

ADMINISTRATIVE RECORD

FINAL PAGE


