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I. SCOPE AND APPLICATION

This SOP describes procedures for analysis of organic analytes by Gas Chromatography (GC). The

procedures are based on SW-846 methodology and are applicable for measurements made to comply with

the Resource Conservation and Recovery Act (RCRA). Individual analytes and methods are described in
the appendices. Appendix G describes procedures for the analysis of petroleum hydrocarbons by SW-846
8015SB methodology. Appendix H includes criteria for the analysis of non-halogenated organic compounds

by Method 80151B, Direct Injection. Appendix I describes the analysis of Phillips 66 analytes by Method

801 SB.

2. SUMMARY OF METHOD

In general, semnivolatile analytes in aqueous samples are prepared for analysis using continuous or

separatory funnel liquid / liquid extraction or solid phase extraction (SOP # CORP-OP-000 INCNC) Solid

samples are prepared using sonication, Soxhlet or pressurized fluid extraction (SOP # CORP-OP-000 INC).

Volatile analytes are prepared for analysis using purge and trap methodology (Appendix A).

After the initial preparation step, the sample is introduced to the GC and concentrations of target analytes

are measured by the detector response within a defined retention time window, relative to the response to

standard concentrations. Internal or external standardization procedures are used as specified in the method
appendices.

3. DEFINITIONS

Definitions of terms used in this SOP iray be found in the glossary of the STL North Canton Laboratory

Quality Manual (LQM), current version.

4. INT'ERFERENCES

Coniamination by carryover can occur when a low concentration sample is analyzed after a high

concentration sample. In addition, some purge and trap autosarrplers are susceptible to port specific

contamination. Co-elution of target analytes with non-targets can occur, resulting in false positives or

biased high results. In particular, this is a problem with non-selective detectors such as the Flame Ionization

Detector (FID). See the appendices for interferences specific to individual tests and suggested corrective

actions

5. SAFETY

5.. ]Employees must abide by the policies and procedures in the Corporate Safety Manual, Radiation Safety

Manual and this document.

5 2 Eye protection that prevents 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 immnediately. Refer to the

STL North Canton Chemical Hygiene plan for a complete description of personal protection equipment.

Latex, Nitrite and vinyl gloves all provide adequate protection against the methanol used in this

method.

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.
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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 Limit Signs and symptoms of exposure
_______ _______ ______ _______(2 )

Flammable 200 ppm-TWA A slight irritant to the mucous membranes.
Methanol Poison Toxic effects exerted upon nervous system,

Irritant particularly the optic nerve. Symptoms of
overexposure may include headache,
drowsiness and dizziness. Methyl alcohol is a
defatting agent and may cause skin to become
dry and cracked. Skin absorption can occur;
symptoms may parallel inhalation exposure.

______________ ~~~~Irritant to the eyes.
Flammable I1000 ppm-TWA Inhalation of vapors in-htates the respiratory

Acetone tract. May cause coughing, dizziness, dullness,
______________ ~and headache.

lFlexane Flammable 500 ppmn-TWA Inhalation of vapors irritates the respiratory
Irritant tract. Overexposure may cause

lightheadtedness, nausea, headache, and blurred
vision. Vapors may cause irritation to the skin

_______________ ~~~~~~and eyes.
Methylene Carcinogen 25 ppm-TWA Causes irritation to respiratory tract. IFlas a
Chloride Irritant 125 ppir-STEL strong narcotic effect with symptoms of mental

confusion, light-headedness, fatfigUe, nausea,
vomiting and headache. Causes irritation,
redness and pain to the skin and eyes.
Prolonged contact can cause burns. Liquid
degreases the skin. May be absorbed through
skin.

Sulfuric Acid Corrosive I Mg/M3-TWA Inhalation produces damaging effects onl the
Oxidizer mucous membranes and upper respiratory
Dehydrator tract. Symptoms may include irritation of the
Poison nose and throat, and labored breathing.
Carcinogen Symptoms of redness, pain, and severe bum

can occur. Contact can cause blurred vision,
redness, pain and severe tissue burns. Canl

____ ____ ___ __ _ ____ ___ __ _ ____ ___ ____ ___ cause blindness.
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MTBE Flammable None established Excessive exposure may cause irritation to the
Irritant nose, throat, lungs, and respiratory tract.

Central nervous system effects may include
headache, dizziness, loss of balance and
coordination.

THE flammable 200 ppm TWA Causes skin and eye irritation. Irritating to

Irritant mucous membranes and upper respiratory
Possible tract.

____________Carcinogen

Isooctane Flammable None Established May cause eye, respiratory tract and skin
Irrtant irntation.
Corrosive 5 ppm-Ceiling Inhalation of vapors can cause coughing,

Hydrochloric Poison choking, inflamnmation of the nose, throat, and
Acid upper respiratory tract, and in severe cases,

pulmonary edema, circulatory failure, and
death. Can cause redness, pain, and severe
skin bumns. Vapors are irritating and may cause
damage to the eyes. Contact may cause severe
bums and permanent eye damae

Sodium Corrosive None Listed Contact may cause skin/eye bums. Inhalation

Blisuillate can cause irritation of the respiratory tract with
burning pain in the nose and throat, coughing,
wheezing and shortness of breath. Causes
chemical bums to the respiratory tract. May
cause fatal spasms, inflammation or

_____ ____ ___ ____ ____ _ __ ____ ____ ____ pulmonary/respiratory edema.

I- Always add acid to water to prevent violent reactions.
limit refers to the 0O1-IA regulatory exposure limit.

5.4. Opened containers of neat standards will be handled in a ftime hood.

5.5. Sample extracts and standards, which are in a flammable solvent, shall be stored in an explosion-proof
refrigerator

5.6 When using hydrogen gas as a carrier, all precautions listed in the CSM shall be observed.

5.7. Standard preparation and dilution shall be performed inside an operating fuime hood.

5.8. The gas chromatograph contains zones that have elevated temperatures. The analyst needs to be

aware of the locations of those zones, and must cool them to room temperature prior to working on

them,

5.9 There are areas of high voltage in both the gas chromatograph and the mass spectrometer. Depending

on the type of work involved, either turn the power to the instrument oft, or disconnect it from its

source of power.
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6. EQUIPMENT AND SUPPLIES

6.1. An analytical system complete with a gas chromatograph is required. A data system capable of
measuring peak area and/or height is required. Recommended equipment and supplies for individual
methods are listed in each method appendix.

7. REAGENTS AND STANDARDS

7.1. Stock Standards

Stock standards are purchased as certified solutions or prepared from pure solutions. Stock standards
for method 9021 13 are stored at -10 to -20"C. Other stock standard solutions are stored as recommended
by the manufacturer. All stock standards must be protected from light. Stock standard solutions should
be brought to room temperature before using.

Seinivolatile stock standard solutions must be replaced after one year. Stock standards of gases must
be replaced at least every week, unless the acceptability of the standard is demonstrated (Less than
20%A drift from the initial calibration is an acceptable demonstration). Other volatile stock standards
must be replaced every 6 months or sooner if comparison with check standards prepared from an
independent source indicates a problem.

7.1.1. Expiration times f1or all standards arc measured fromt the time the standard is prepared or from the
miie that the standicard amplouL c is opened, if thestanidard is supplied in a sea led am pou il. Ira

vendor-stipplied standard has an earlier expiration date then that date is uased.

7.2. Calibration Standards

7.2.1. Volatile Calibration Standards

The procedure for preparation of volatile standards is given in Appendix A.

7.2.2 Sernivolatile Calibration Standards

Sc in ivolatile calibration standards are prepa red as dilIut ions of the stock standards. Stirrogates and
internlal staind~rdisdie uscdats specified in the miethod aippendices. Semnivolatile calibration
soIlutions must be refrigerated at <6aC and protected from light. The standards must be replaced at
least every six months or sooner ifecomparison with cheek standards indicates a problem.

7.3. Cases for carrier and makeC-Lp: Hydrogen, Helium, Nitrogen, Argon/Methane.

7,4. Quality control (QC) Standards

QC standards (matrix spiking and LCS standards) are prepared and stored in the same way as calibration
standards. They must be made from a stock independent from the calibration standards.

8. SAMPLE PRESERVATION AND) STORAGE

Sermivolatile extracts must be refrigerated at <6"C and analyzed within 40 days of the end of the extraction.
Volatile sample storage conditions and holding times are given in Appendix A.

9. QUALITY CONTROL

9.1. Initial Demonstrattion of Capability

9.1.1. For the standlard analyte list, the initial demonstration and method detection Ii mit (MD 14 stuidies
described in Section 13 must be acceptable before analysis of samples may begin.
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9.1.2. For non-standard analytes, a MDL study must be performed and calibration curve generated before

analyzing any samples, unless lesser requirements are previously agreed to with the client. In any

event the minimum initial demonstration required is analysis of an extracted standard at the

reporting limit and a single point calibration.

9.2. Batch Definition

Batches are defined at the sample preparation stage. Batches should be kept together through the

whole analytical process as far as possible, but it is not mandatory to analyze prepared extracts on the

same instrument or in the same sequence. Refer to the STL North Canton QC Program document (QA-

003) for further details of the batch definition.

9.2.1. Quality Control Batch

The batch is a set of up to 20 samples of the same matrix processed using the same procedures and

reagents within the same time period. The Quality Control batch must contain a matrix spike / spike

duplicate (MS/MSD), a Laboratory Control Sample (LCS), and a method blank. Laboratory

generated QC samples (Blank, LCS, MS/MSD) do not count towards the maximum 20 samples in a

batch. Field QC samples are included in the batch count, In some cases, at client request, the

MS/MSD may be replaced with a matrix spike and sample duplicate. If insufficient sample is

available for an MS/MSD a LCSD may be Substituted.

9.3. Control Limits

tn-house historical control limits must be determined for surrogates, matrix spikes, and laboratory

control samples (LCS). These limits must be determined at least annually. The recovery limits are mean

recovery ±/- 3 standard deviations, unless that limit is tighter than the calibration criteria, in which case

limits may be widened. Refer to policy QA-003 for more details

9.3. 1. These limits do not apply to dilutions (except for tests without a separate extraction), but surrogate

and matrix spike recoveries will be reported unless the dilution is more than 5X

9 3.2. All surrogate, LCS, and MS recoveries (except for dilutions) must be entered into QuantIMS (when

available) or other database so that accurate historical control limits can be generated. For tests

without a separate extraction, surrogates and matrix spikes will be reported for all dilutions.

9.3.3. Refer to the QC Program document (QA-003) for further details of control limits.

9.4. Stirrogates

All methods must use surrogates to the extent possible. Surrogate recoveries in samples and QC

samples must be assessed to ensure that recoveries are within established limits. If any surrogates are

outside limits, the following corrective actions must take place (except for dilutions):

* Check all calculations for error.

* Ensure that instrument performance is acceptable.

* Recalculate the data and/or reanalyze the extract if either of the above checks reveal a problem.

* Reprepare and reanalyze the sample or flag the data as "Estimated Concentration" if neither of the

above resolves the problem. Repreparation is not necessary is there is obvious chromatographic

interference.

* The decision to reanalyze or flag the data should be made in consultation with the client. It is only

necessary to reprepare / reanalyze a sample once to demonstrate that poor surrogate recovery is

due to matrix effect, unless the analyst believes that the repeated out of control results are not due

to matrix effect
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9.4.1. If dual colu.1mn analysis is used the choice of which result to report is made in the same way as for
samples (Section 12.1.2) unless one column is out of control, in which case the in-control result is
reported.

9.4.2. If the surrogates are out of control for the sample, matrix spike, and matrix spike duplicate, then
matrix effect has been demonstrated for that sample and repreparation is not necessary. If the
sample is out of control and the MS and/or MSD is in control, then reprcparation or flagging of the
data is required.

9.4.3. Refer to the STL North Canton QC Program document (QA-003) for further details of the corrective
actions.

9.5. Method Blanks

For each batch of samples, analyze a method blank. The method blank consists of reagent water for
aqueous senrnvolatile samples, and sodium sulfate for semnivolatile soils tests (Refer to SOP No. CORP-
OP-000INCNC for details). For low level volatiles, thecmethod blank consists of reagent water. For
medium level volatiles, the method blank consists of methanol as described in Appendix A. Surrogates
are added and the method blank is carried through the entire analytical procedure. The method blank
muILst nlot con1tainl anly ana~lyte of interest at or above the reporting limit (except common laboratory
contaminants, see below) orat or above 5% of the measured concentration of that analyte in the
associaied samplecs, whichever is higheri.

Iffthe analyte is a common laboratory contaminaent (methylenec chloride, acetone, 2-butanone, phithalate
estei s) the data may be reported with qual ifters if the concentration of the analyte is less than five limes
the reportIin~glimrit Suich action muist be takenin consuiltation with thieclient.

Re-extraction and reanalysis of samples associated with an unacceptable method blank is required when
reportable conecetrations arie determined in thie samples

If III hmeIS no0 target an alyte greater than thle R L in the samples associated with an cinacceptable method
b link, thle datra may be reported with qualilfiers; Suich action shoulId be taken in consultation with the
client.

9.5.1. Refer to the STL North Canton QC program document (QA-003) for further details of the corrective
actions.

9.6. Instrument Blanks

9.6 I An instrument blank Tin ust be ,analyzed during any 12-hour period of analysis that does not contain
a method blank.

9.6.2. Ani instumLuent blank consists of the appropriate solvent with internal standards added. If internal
Standlard s Lire not iised the Surrogates s houlIdc be added.

9.6,3. Control cr iteria arc the same as for the method blank, except that only reanalysis of affected
sam1ples Would be required, not re-extraction.

9.7. [Laboratory Control Samples (LCS)

For each hatch of samples, ,analyze a LCS. The LCS contains a representative subset of the analytes of
interest, and must contain the sitame analytes as the matrix spike. The LCS may also contain the full set
of analytes with a subset of control analytes. If any control analyte or surrogate is outside established
control I in its, the System is out of control and corrective action must occur. Corrective action will
normally be repreparat ion and reanalysis of the batch; however, if the matrix spike and matrix spike
duplicate arc with in Iinm ts; the batch may he acceptable.
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9.7.1. Refer to the STh North Canton QC Program document (QA-003) for further details of the corrective
action.

9.7.2. If dual column analysis is used the choice of which result to report is made in the same way as for
samples (Section 12.1.2) unless one column is out of control, in which case the in control result is
reported.

9.7.3. LCS compound lists are included in the appendices.

9.8. Matrix Spikes

For each QC batch, analyze a matrix spike and matrix spike duplicate. Spiking compounds and levels are

given in the appendices. Compare the percent recovery and relative percent difference (RPD) to those

in the laboratory specific historically generated limits.

* If any individual recovery or RPD falls outside the acceptable range, corrective action must occur.
The initial corrective action will be to check the recovery of that analyte in the Laboratory Control
Sample (LCS). Generally, if the recovery of the analyte in the LCS is within limits, then the

laboratory operation is in control and analysis may proceed.

If lthe recovery for any component is outside QC limits for both the Matrix spike / spike duplicate
and the LCS, the laboratory is out of control and corrective action must be taken. Corrective action
will normally include repreparation and reanalysis of the batch,

* If a MS/MSD is not possible due to limited sample, then a LCS duplicate should be analyzed.

* The matrix spike / duplicate must be analyzed at the same dilution as the unspiked sample, unless
the matrix spike components would then be above the calibration range.

9.8.1 If dual column analysis is used the choice of which result to report is made in the same way as for
samples (Section 1 2.1 2) unless one column is out of control, in which case thle in control result is
reported.

9.9. Quality Assurance Summaries

Certain clients may require specific project or program QC that may supersede these method
requirements. Quality Assurance Summaries should be developed to address these requirements.

9. 10. STL North Canton QC Program

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

10. CALIBRATION AND STANDARDIZATION

Internal or external calibration may be used. Internal calibration is recommended unless the sample matrix is

likely to interfere with the quantitation of the internal standard In either event prepare standards containing

each analyte of interest at a minimum of five concentration levels. The low level standard should be at or

below the reporting limit. The other standards define the working range of the detector. Recommended
calibration levels are given in the appendices.

10.1. A new calibration curve must be generated after major changes to the system or when the continuing
calibration criteria cannot be met. Major changes include new columns, changing PID lamps or FID jets
or replacing the ECD detector. A new calibration is not required after clipping the column, replacing the

septum or syringe, or other minor maintenance.
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10.2. With the exception of 10.3 below, it is NOT acceptable to remove points from a calibration curve for the
purpose of meeting criteria, unless the points are the highest or lowest on the curve AND the reporting
limit and/or linear range is adjusted accordingly. In any event, at least 5 points must be included in the
calibration curve. Quadratic (second order) calibrations require at least six points. Third order
calibrations require at least seven points.

10,3. A level may be removed from the calibration if the reason can be clearly documented, for example a
broken vial or no purge run. A minimum of five levels must remain in the calibration. The
documrentation must be retained with the initial calibration. Alternatively, if the analyst believes that a
point on the Curve is inaccurate, the point may be reanalyzed and the reanalysis used for the calibration.
All initial calibration points must be analyzed without any changes to instrument conditions, and all
points must be analyzed within 24 hours.

10.4. External standard calibration

Quantitation by the external standard method assumes a proportional relationship between the
calibration run land the analyte in the sample. To use this approach, introduce each calibration standard
into thle (iC using thie technique that will be used for samples The ratio of the peak height or area
response to thle mass or concentration injected may be used to prepare a calibration curve.

Calibration Factor (CF) = Area or 1Height of Peak
Mcass Injected (tig)

Sonic data systems may use the inverse of this forImula. This is acceptable so long as the same tormo Ia
is used for standards and samples. It is also possible to use thle concentration of thie standard rather
than thie mass injected. (This would require changes in the equations used to calculate the sample
concentrations). Use of peak area or height must be consistent. However, if matrix interferences woulId
make piantituat ion using peak area inaccurate for a particular samnplIc, then peak height may be used as a
substitute.

10.5. Inteirnal standard calibration

10.5.1. The internal standard approach assumes that variations in instrument sensitivity, amount injected
etc. can be cor rected by deterniining the ratio of the response of the analyte to the response ofan
internal standard that has been added to the extract. To use this approach, select one or more
internal stanldard(s) that are sim ilIar in analytical behavior to the COMPOuinds of interest.
Recommended internal standards are given in the appendices. The analyst Must demonstrate that
the mecasuarement ot'the internal standard is not affected by method or matrix interferences. If the
samnp le matrix interferes with quant itation of the internal standard, then the external standard
approach Must be used instead In this event use the response factors from the previous
continuing calibration to qoantitate the analytes in thle sample with the interference (applies only to
the sample with the interference).

10.5.2. I ntrodtmce each calibration standard into the CC using the technique that will be used for samples.
Response factors (RF) for each conipound are Calculated as follows:
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A, x C,
RF=

A,, x C

Where:
A, = Response for the analyte to be measured
A,, - Response for the internal standard

C,5=~ Concentration of internal standard
C, = Concentration of the analyte to be determined in the standard

10.6 Calibration curve fits

Average response factor, linear regression, or quadratic curves may be used to fit the data. Average

response factor may be used if the average % RSD of the response factors or calibration factors of all

the analytes in the calibration standard taken together is <20%. The average %RSD is calculated by

summing the RSD value for each analyte and dividing by the total number of analytes.

10 6 1. In general, for environmental analysis, average response factors are the most appropriate

calibration model. Linear or curved regression fits should only be used if the analyst has reason to

believe that the average RF model does not fit the normal concentration/response behavior of the

detector.

10.6.2. Average response factor

The average response factor may be used if the average per cent relative standard deviation

(%RSD) of all the response factors taken together is < 20%X

Thre equation for average response factor is:

Average response factor R iF - _____

Where: n = Number of calibration levels

S RF =Sum of response factors for each calibration level
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10.6.3. Linear regression

The linear fit uses the following functions:

10.6.3.1. External Standard

y = ax + b

or

=(y - b)

a

Where: y = Instrument response
x = Concentration
a =Slope
b = Intercept

10.6.3.2. Internal Standard

Where: C = Concentration in the sample

A, Area of target peak in the sample

A, Area of' internal standard in the sample

C= Concentration of the internal standard

10.6.4. Q LiadCrat i c cu rve

The qUadratic curve uses the following functions:

10.6.4,1. External standard

1' = ax~ + CX2 + b

Where c is the curvature
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10.6.4.2. Internal Standard

y =: a(ASX C~A~~) +b

10.7. Evaluation of calibration Curves

10.7.1. The percent relative standard error (%RSE) from the calibration Curve is used to evaluate the initial
calibration. This provides a measure of how much error is associated with using the calibration
Curve for qUantitation.

10.7.2. The least squares regression line is calculated and used to calculate the-predicted concentration for
each level. The percent relative standard error is calculated as follows:

% RSE = I00%Y.x =(N P

Where:
N = Number of points in the Curve
P = Number of parameters inl the Curve (= I for- average response factor, 2 for
linear, 3 for quadratic)
C1 True concentration for leveli
PC1 = Predicted concentration for leveli

Note that when average response factors are used, %RSE is equivalent to
%RSD.

10.8. The following requirements must be met for any calibration to be used:

* Response mnUSt increase with increasing concentration.
* Ifa Curve is used, the intercept of the Curve at zero response must be less than + the reporting limnit

for the analyte.
* Thle average Relative Standard Error (RSD for average response factors) of the calibration points

from the curve used must be < 20%.
* Some data systems will not measure the %RSE from a linear or quadratic fit. For the linear case, the

correlation coefficient may be used as an alternative to the %RSE, and Must be greater than or
equal to 0.990. For the quadratic case the Coefficient of Determination may be used, and mnust be
greater or equal to 0.990.

Note: The Relative Standard Error (RSE) is superior to the Correlation Coefficient Qr) and Coefficient of
Determination (r2) for testing the fit ofa set of calibration points to a line. The lower points on a curve
havve little effect onl r. As a result a Curve may have a very good correlation coefficient (>0.995), while
also having > I100% error at the low point.
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10.9. Weighting of data points

10.9.1. In linear and quadratic calibration fits, the points at the lower end of the calibration curve have less
absolute variance than points at the high concentration end of the curve. This can cause severe
errors in quantitation at the low end of the calibration. However, in environmental analysis,
accuracy at the low end of the curve is very important. For this reason it is preferable to increase
the weighting of the lower concentration points. I/Concentration' weighting (often called i/XK
weighting) will improve accuracy at the low end of the curve and should be used if the data system
has this capability.

10.10. Non-standard analytes arc sometimes requested. For these analytes, it may be acceptable to analyze a
single standard at the reporting limit with each continuing calibration rather than a five point initial
calibration. This action must be with client approval. If the analyte is detected in any of the samples, a
rive point initial calibration must be generated and the samrple(s) reanalyzed for quantitation.

10.11. Calibration Veritication

10.11.1. 12 hour Calibration

The working calibration Curve or RF must be verified by the analysis of a mnid point calibration
standard at the beginning, after every 12 hours, and at the end of the analysis sequence. The
center of each retention time window is updated with each 1 2-hour calibration or calibration
verification.

10.11.2. Calibration Verification

It may be appropriate to analyze a mind point standard more frequently than every 1 2 hours. If these
calibration verification standards are analyzed, requirements are the same as the I12-houtr cal ibrat ion
with the exception that retention times are not updated

10.11.3. Any imdivi dual compounds with %D < 15% mfeet the calibration criteria. The cal ibrati on verification
is also acceptable if the average of the % D for all the ana lytes is < I 15. This average is calcu lated
by summing the entire absolute %D results in the calibration (including surrogates) and dividing
by the number of analytes. Any analyte that is reportable as found must have a % difference of

<15% in the calibration verification or 12 hour calibration, on the column used for quantitation.
Refer to section 12.1.2 for which result to report.

10.11.4. It is not necessary to run at calibration verification standard at the beginning of the sequence if
samples are analyzed immnediatelytafter the completion of the initial calibration.

10.11 5. Samples quantitated by external standard methods must be bracketed by calibration verification
standards that meet the criteria listed above. The bracketing standards on the columin used for
calibration must meet the same criteria as the opening standards. Bracketing is not necessary for
internal standard methods

10.1 1.6. Ifithe canalyst notes that a CCV has failed and can document the reason for failure (e.g. no plurge,
broken vial, carryover from the previous sample etc.) then a second CCV may be analyzed without
ainy adjustments to the instrument. If this CCV meets criteria then the preceding samples have
been successfully bracketed. If adjustments to the instrument are performed before the repeat CCV
then the proceeding samples have not been successfully bracketed but analysis may contiue.

10.11.7. ]In general, it is not advisable to analyze repeat CCVs on unattended runs. If repeat CCVs are
analyzed then thie first will serve as the bracketing standard for the preceeding samples and the last
will serve as the CCV For the following samples
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10.11.8. If highly contaminated samples are expected it isacceptable to analyze blanks or primers at any

point in the run.

10.11.9. % Difference calculation

% Difference for internal and external methods is calculated as follows

Internal Standard: External standard:

D=R,- FX 100 %D- F - CFXlOO
RF CF

Where RF, and CF, are the response and calibration factors

from the continuing calibration

RF and CF are the average response and calibration factors

from the initial calibration

I 0.1I1I10. % Drift calculation

% Drift is used for comparing the continuing calibration to a linear or quadratic curve. The criteria

for % drift arc the same as for % difference

% rf Calculated Conc. - Theoretical Cogw. X 100%
Drifi ~~Theoretical Cone.

I 0. I1. I1. Corrective Actions for Continuing Cal ibration

If the overall average %D of all analytes is greater than + 1 5% corrective action must be taken. This
may include clipping the column, changing the liner or other minor instrument adjustments,

followed by reanalyzing the standard. If the overall average %D still varies by more than±+ 15%, a

new calibration curve must be prepared.

10.1 1.12. Corrective Action for Samples

For internal standard methods, any samples injected after a standard not meeting the calibration
criteria must be re-injected.

For external standard methods, any samples injected after the last good continuing calibration

standard must be re-injected.

If the average %D) for all the analytes in the calibration is over 15%, but all of the analytes

requested for a particular sample have %D < 15%, then the analysis is acceptable for that sample.

IL. PROCEDURE

11.1. Extraction

Extraction procedures are referenced in the appendices.

1 1.2 Cleanup

Cleanup procedures are referenced in the appendices
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1 1.3. Gas Chromatography

Chromatographic conditions for individual methods are presented in the appendices.

11.4. Sample Introduction

In general, volatiles analytes are introduced using purge and trap as described in Appendix A.
Semnivolatile analytes are introduced by direct injection of the extract. Samples, standards, and QC must
be iniroduced usinig the same procedure.

11.5. Analytical Sequence

An analytical sequence starts with an initial calibration or a daily calibration. Refer to the individual
method appendices for method specific details of daily calibrations and analytical sequences.

11.5.1. The daily calibration includes analysis of standards containing all single response analytes and
updating the retention time windows.

11 5.2. If there is a break in the analytical sequence of greater than 1 2 hours, a new analytical sequence
must be started wi th a daily calibration.

11.6. Retention Time Windows

11.6.1. Retention timec windows must be determined for all analytes. Make an injection of all analytes of
interest each day over a three-day period. Calculate the standard deviation of the three retention
timecs for each analyte (relative retention timecs may also be used). For multi-respionse analytes
(e.g., Aroclors) use thle retention tlime of major peaks. Plus or 11mins three timtes the standard
deviation of the retention timeis of eachi analyte definecs thle retention time window.

11.6.2. The center oft he rete nt ion time window is the retention time from the last of the three standards.
The centers of the windows, are updated with thle imid- point of the initial calibration and each 12-
h ourl calibrat ion. The widths of the windows will remain the samec until new windows are generated
following the installation otaE new colunmn.

11 6 3 lIfthe retention timre window as calculated above is less than +1- 0.05 minutes, use +/- 0.05 minutes
as the retention time window. This allows for slight variations in retention times caused by sample
imatnix.

11.6.4. The laboratory must calculate new retention time windows each time a new coIlumn is installed.
The new windows mnust be generated within one week of the installation of'the new column. Until
these standards have been run onl the new column, the retention time windows from the old column
maly be USedI, updated with the retention timecs from the new initial calibration.

11.6.5. Corrective Action fior Retention Times

The retention times olall compounds in the 12 hour calibration or calibration verification standard
must be within the retention time window. lf this condition is not met, all samples analyzed after
the last compliant standard must be reanalyzed unless the following conditions arc met for any
com1pou~nd thatl elUtes outside thle retention time window:

The retention timne of that compound in the standard must be within a retention time range equal to
twice thle original window.

No peak that wYou Id be reportable may be present on thle sample chromiatogram within an el ution
time range equal to three tlimes thle original retention time window.

11.7. Daily Retention Time Windows
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The center of the retention time windows determined in Section 1 1.6 are adjusted to the retention time of
each analyte as determined in the 12 hour calibration standards or continuing calibration verification
standards. (See the method 808! IA and 8082 appendices for exceptions for multi-response components.)

The retention time windows must be updated at the beginning of each analytical sequence and with
each 12-hour calibration or continuing calibration verification.

11.8 Percent Moisture

Analytical results may be reported as dry or wet weight, as required by the client. Percent moisture
miust be determined if results will be reported as dry weight. Refer to SOP CORP-OP-000 INC for
determination of percent moisture.

11.9. 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 Nonconformianice
Memo and approved by a supervisor and QA/QC manager. If contractually required, the client shall be

notified. The Nonconformance Memo shall be filed in the project file. The nonconformance is also
addressed in the case narrative. 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. Qualitative Identification

121.1. Tentative identification occurs when a peak is found within the retention time window for an
analyte, at a concentration above the reporting limit, or above the MDL if I flags are required.
Normally confirmation is required on a second column, but if the detector is sufficiently specific or
if the sample matrix is well enough defined, single column analysis may be adequate In some cases

CC/MS confirmation may be required. Client specific requirements may also define the need for
second column confirmation and /orGCC/MS confirmation Refer to the appendiices for test specific
requirements for confirmation. Identification is confirmed if a peak is also present in the retention
time window for that analyte on the confirmatory column, at a concentration greater than the

reporting limit (MDL if J flag confirmation requircd)

12.1.2. Dual column quantitation

For confirmed results, two approaches are available to the analyst.
A) The primary column approach
Or
B) The better result approach
Both are acceptable to avoid the reporting of erroneous or unconfirmed data.

12.1.2.1. Primary column approach:

The restilt from the primary column is normally reported. The result from the secondary
column is reported if any of the following three bulleted possibilities are tnie.

*There is obvious chromatographic interference on the primary column
*The result on the primary column is> 40% greater than the result on the secondary

column
*Continuing or bracketing standard fails on the primary column but is acceptable on the

secondary column (If the primary column result is >40% higher than the secondary and
the primary column calibration fails, then the sample must be evaluated for reanalysis.)
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12.1.2.2. Better result approach

The lower of the two results is normally reported. The lower result is considered better
because the higher result is general ly higher because of chromatographic interference. The
higher result is reported if any of the following two bulleted possibilities are true.

*There is obvious chromatographic interference on the column with the lower result
*The continuing or bracketing calibration on the column with theclower result fails. (If the

hiighierresult is >40% higher and the calibration on the columnnwith the lower result fails,
then the sample must be evaluated for reanalysis.)

12.1.3. If the Relative percent difference (RPD) between the response on the two columns is greater than
40%, or if the opinion of an experienced analyst is that the complexity of the matrix is resulting in
false positives, the confirmation is suspect and the results are qualified. RPD is calculated using
the following fornriua:

RPD R= -R

-(Ri ± R2)
2

Where R=Rcsult

12.1.4. M ilti-response Analytes

For mnulti-response analytes, the analyst should use the retention time window, but should rely
primarily on pattern recognition. The pattern of peaks will normally serve as confirmation.

12.1.5. The experience of the analyst should weigh heavily in the interpretation of the churomatograrm. For
example, Sample matrix or laboratory temperature fluctuation maly result in variation of retention

itimes.

12.2. Cailibilition Ratnge

C concentrations of'any analytes exceed the working range as defined by the calibration standards,
then the sample must be diluted and reanalyzed. Di lotions shoulId target the most concentrated ana lyte
in thie tipper half (over 50% ofithe high level standard) of the calibration range. It may be necessary to
dilutre samples clue to matrix.

12.3. DiILution [S

Samples many be screened to determine the appropriate diurtion for the initial run. If the initial diluted r'un
has no hits or hits below 20%/, of the calibration range and the matrix allows for analysis at aI lesser
dilution, then the sample must be reanalyzed at a diurtion targeted to bring the largest hit above 50% of
the calibration range.

12.3.1. Guidance for Dilutions Due to Matrix

If fthe sample is initially run at a diurtion and only minor matrix peaks are, then the sample should be
reanalyzed at a more concentrated diurtion. Anialystjudgcmnent is required to determine the most
concentrated dilot ion thiat will not result in instrument contamination

12.3.2. Reporting Dilutions

The most conceintrated diluition with flu target compounds above the calibration range will be
reported. Other di Iut ions may be reported at client request, if the lower dilutions Will not Cause
detector saturation, column overload, or carryover. Analyst judgement and client site history will
factors in the reporting of dual dilutions
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12.4. Interfecrences

If peak detection is prevented by interferences, further cleanup should be attempted. If no further
cleanup is reasonable, then elevation of reporting levels and/or lack of positive identification must be
addressed in the case narrative.

12.5. Internal Standard Criteria for Continuing Calibration

If internal standard calibration is used, then the internal standard response in a continuing calibration
standard must be within 50 to 150% of the response in the mid level of the initial calibration.

12.6. Calculations

Capabilities of individual data systems may require the use of different formulas than those presented
here. When this is the case, the calculations used must be shown to be equivalent and must be
documented in an appendix attached to this document.

12.6. 1. External Standard Calculations

12.6.1.1. Aqueous samples

Concentratiton (ng / L) (A, xV. Di)
(CF x V, x V.)

Where:
A, - Response for the analyte in the sample
V = Volume of extract injected, pL-

DI Dilution factor
V,~ Voluime of totalI extract, piLL
V, Volume of sample extracted or purged, mrL-
CF = Calibration factor, area or height/rng, Section I10. 1

12.6.1.2. Non-aqueous Samples

Concentrat ion (mg /kg) (A. x V. x DI)
(CF x V x Wx D)

Where:

W - Weight of sample extracted or purged, g

D-100 - % Moisture ( fe egti eurd
100(D=Iiwewegtireurd

12.6.2 Internal Standard Calculations

12.6.2.1 Aqueous Samples

Concentration (nig /L) =(A, C. D,)
(A... x RF x V.)
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Where:

C., = Amount of internal standard added, ng
A,, = Response of the internal standard
RF = Response factor for analyte

12.6.2.2. Non-aqueous Samples

Concentration (mg / kg) = (Ax C,. x Df)
(A x RF xW xD)

12.6.3. Surrogate Recovery

Concentrations of surrogate compounds are calculated using the same equations as for the target
Compounds. The response factor from the initial calibration is used. Surrogate recovery is
cal1culated using the following equation:

'XRecver ~Concentration (or amount)jIbund X 100
3< ccvei =Ceoicewtraith,, (or anzouwt) spikedc

13. METHOD1 PERFORMANCE

13.1 . Met hod Detection Li init

Each Ilahoraoiory must generate a valid method detection limit for each anamlyte of interest. The MDL
must be below the reporting limit for each analyte. The procedure for determination of the method
detection limit is given in 40 CFR Pail 136, Appendix B, and further defined in QA Policy #: QA-005.

13.2. Initial Demonstration

Each laboratory must marke a one time initial demonstration of capability for each individual method.
Demronstiation of capabi lity for both soils and water matrices is required. This requires analysis of QC
check samples containing all of the standard analytes for the method. For some tests it may be
necessary to use more than one QC check muix to cover all analytes of interest.

13.2.1. Four aliquots of the QC cheek sample are analyzed using the same procedures used to analyze
samptes, including sample preparation. The concentration of the QC check sample should be
equivalent to a mid-level calibration.

13.2.2. Calculate the average recovery and standard deviation of the recovery for each analyte of interest
Compare these results with the acceptance criteria given in each appendix.

13.2.3. If any anialyte does not meet thie acceptance criteria, the test must be repeated. Only those
analytes that did not mieet criteria in the first test need to be evaluated Repeated failure for any
analyte indicates the need for the laboratory to evaluate the analytical procedure and take
corrective action.
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13.3. Training Qualification

The group/teamn leader has the responsibility to ensure that an analyst who has been properly trained in
its use and has the required experience performs this procedure.

14. POLLUTION PREVENTION

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.

15.2 1 . The following waste streams are produced when this method is carried out.

15.2.1. 1. Vials containing sample extracts: These vials are placed in the vial waste located in the
GC/MS laboratory.

15.2.1.2. Tubes containing sample extracts for TPH, Pesticides, PCBs and Herbicides These capped
tubes are placed in the PCB/tlarmmable wste located the GC prep laboratory.

15.2 1.3. Samples, standards, and all extraction materials contaminated with high levels (>50ppm) of
PCB's must be segregated into their own waste stream. PCB wastes are collected in one of
three waste streams, solid PCB, liquid PCR and PCB vial waste. PCB containing samples are
located through a LIMS query and disposed of as PCB containing.

15.2 1.4. 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.

15.2.15 Discarded samples. These samples are collected in the solid debris drum).

16. REFERENCES

Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846, 3rd Edition, Final Update
III, December 1996, and Section 8000Bl

17. MISCELLANEOUS

17.1. Modifications 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 Method Detection Limit. This SOP states that the Method B~lank muist not contain any
analyte of interest at or above the reporting limit. Common lab contaminants are allowed to be up
to 5 times the reporting limit in the blank following consultation with the client.
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17.2. Modifications from Previous Revision

The calibration criteria in section 10.11 have been rewritten to improve consistency with SW-846 and to
improve clarity.

17.3. Facility Specific SOPs

Each facility shall attach a list of facility specific SOPs or approved attachments (if applicable) which are
required Io 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.
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17.4. Flow Diagrams

17.4.1. Initial demonstration and MDL'

Start Initial

calibration curve~ ~ ~ ~~~~~~~~anou

This low dagramis fr guiance nd cnnot over lleentualites CoslaheSPtxtran casuervso ift i

doubt.~~~~~~~~~~~~~~~~eo n eo
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17.4.2. Sample Analysis'

mnai ntenance ats

doubt.winow
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I. SCOPE AND APPLICATION

LL1 This method describes sample preparation and extraction for the analysis of volatile organics by a

purge and trap procedure, following method 802lB. However, where required by aclient QAPP this

section may also be used to analyze aromnatic volatiles by discontinued methods 8020Aand 80lOB. Aill

requirements of the 8000B section of this SOP must be met except when superseded by this Appendix.

Refer to Table A- I for the individual analytes normally determined by these procedures.

1.2. Compounds within the scope of this method have boiling points below 2000 C and are soluble or slightly

soluble in water. Classes of compounds best suited to purge-and-trap analysis include low molecular

weight halogenated hydrocarbons, aromatics, ketones, nitriles, acetates, acrylates, ethers, and sulfides.

1.3. Water samples and soils samples with low levels of contamination may be analyzed directly by purge-

and-trap extraction and gas chromatography. Higher concentrations of these analytes in soil may be

determined by the medium level methanol extraction procedure.

1.4. This method also describes the preparation of water-miscible liquids, non-water-miscible liquids, solids,

wastes, and soils/sedimrents for analysis by the purge-and-trap procedure.

1.5 The associated LIMS method code is QR

2. SUMMVARY OF METHOD

2.1. An inert gas is bubbled through the sample at ambient temperature or at 4O0 C(40"C required for low-

level soils), and the volatile components are transferred from the aqueous phase to the vapor phase.

The vapor is swept through a sorbent columin where the volatile components are adsorbed. After

purging is completed, the sorbent column is heated and back-flushed with inert gas to desorb the

components onto a gas chromatographic column. Analytes ire detected using a photoionization

Detector, an electrolytic conductivity detector or a combination of both.

2,2, For soil samples, a portion of the sample is dispersed in methanol to dissolve the volatile organic

constituents A portion of the nmethaniolic solution is combined wvith water. It is then analyzed by

purge-and-trap GC following the normal water method. If very low detection limits are needed for soil

samples then direct purge using sodium bisulfate preservation may be necessary.

3. DEFINITIONS

Refer to the STL North Canton Laboratory Quality Manual (LQMY, current version, for definitions of terms

used in this SOP.

4. INTERFERENCES

4.1. Refer to section 4 of the method 8000B3 part of this SOP for general information on chromatographic

interferences

4.2 Impurities in the purge gas, and from organic compounds out-gassing from the plumbing ahead of the

trap, account for the majority of contamination problems. The analytical system must be demonstrated

to be free from contamination under the conditions of the analysis by running laboratory reagent

blanks. The use of non-TFE plastic tubing, non-TFE thread sealants, or flow controllers with rubber

components in the purging device should be avoided.

4.3. Samples can be contaminated by diffusion of volatile organics (particularly methylene chloride and

fluorocarbons) through the septum seal of the sample vial during shipment and storage. A trip blank
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prepared from organic-free reagent water and carried through sampling and handling protocols serves
as a check on such contamination.

4.4. Contamination by carryover can occur whenever high-concentration and low-concentration samples are
,analyzed sequentially. Whenever an unusually concentrated sample is analyzed, it should be followed
by an analysis of organic-free reagent water to check for cross-contamnination. The trap and other parts
of the system are subject to contamination. Therefore, frequent bake-out and purging of the system
may be required.

4.5. When utilizing an autosarnpler system, which has multiple ports for sample analysis, it'is likely that only
a single stage or port may be contaminated by a highly concentrated sample. If a port is suspect, a
water blank should he analyzed to verify lack of containination. Iftlic water blank and subsequent
blanks on that port show contamination consistent with the concentrated sample, further maintenance
is required. This may include replacing or cleaning the moulti-port valve, transfer lines, etc.

4.6. A holding blank is kept in the sample refrigerator. This is analyzed and replaced every 1 4 days. If the
holding blank does not meet the method blank criteria, the source of contamination must be found and
corrected. Evaluation of all samples analyzed in the 14-day period prior to the analysis of the
contaminated holding blank is required.

4.7. Acidification of samples may result in hydrolysis of 2-chloroethiyl-vinyl ether.

5. SAFElY

5.1. Refler to section 5 of the Method 8000B3 section of this SOP for general safety requirements.

5.2. 0 ten, purge vessels oil purge-and-ntrp instrumentation are pressurized by the time analysis is
completed. Therefore, vent the pressure prior to removal of these vessels to prevent the contents from
spraZying out.

5.3. The toxicity or carcinogenicity of each chemical used in this procedure has not been fully defined.
Additional health and safety information can be obtained from the MSDS tiles maintained in the
laboratory. The followving specific hazards are known.

Methanol -- Flammable and toxic

5.4. The following method anatlytes have been tentatively classiflied as known or suspected human or
mammaititlian carciniogens Benzene, Car-bon Tetrachiloride, 1,4-Dichlorobenzcne, I1,2-Dichlorocithanc,
Ilexachlorobutadiene, 1,1 ,2,2-Tetrachloooethanc, 1,1 .2-Trichiloroethanie, Chloroformi, £ ,2-Dibi-omoethane,
Tetrachloroethiene, Trichioroethenec, Vinyl Chloride. Pure standard materials and stock standard
solutions of these compounds Should be handled in a hood.

5.5. Methanol shall not be used in a CaptAir hood.

5.6. (iC VOA instruments use an ultraviolet (UV) light source, which must be shielded from view. There
should also be a warning label/sticker on each instrument that identities it as a UV light source.

5.7. Sod ium bisil fate creates SulI unec Acid when inixed with water.

6. EQUIPNIEN''AND SUPPLIES

6.1. Microsyringes -- l~gL-, 25pL-, 100pL, 250L-, 500kLdand 1000pL.. These should be equipped with a 20
gauge (0.006" ID) needlie These wil Ibe used to measure and dispense methanoolie solutions and
,aqueous samples.
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6.2. Gas tight syringes -- 5 ml- and 25 n-L. Used for measuring sample volumes.

6.3. Purge and Trap Apparatus -- A device capable of extracting volatile compounds, trapping on a sorbent

trap, and introducing onto a gas chromatograph.

6.4. Purge and Trap Autosampler -- In order to maintain high sample throughput, an autosampler is highly

recommended.

6.5. Trap -- The trap used is dependent on the class of compound to be analyzed. Refer to Table A-2 for

suggested traps for specific tests.

6.6. Purge Vessels -- These are dependent on the purge and trap unit/autosampler used. Both disposable

culture tubes (needle sparge units) and specially designed vessels with firitted bottoms may be used.

Follow the manufacturer's suggestions for configuration.

6.7. Columns - Refer to Table A-2 for details of columns.

6.8. Volumetric flasks, Class A: 5 n-L to 250 ml-

6.9. pH- paper

6.10. Balance capable of weighing toO0 Olg for samples

7. REAGENTS AND SUPPLIES

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

7.2. Organic Free Water

Organic free water is defined as water in which an interferent is not observed at the reporting limit of the
compounds of interest. Suggested methods for generating organic free water include

* Filtration through a carbon bed.

* Continuously sparging water with helium or nitrogen.

* Use of commercial water purification systems.

Other methods may be used, so long as the requirement that the water show no interference is net.
The procedure used should be-documented in a lab specific attachment.

7.3 Sodium Bisulfate

'7.4. Methanol -- Purge and Trap Grade

7 5. Standards

Refer to tables A-S and A-6 for details of surrogate, matrix spiking and internal standards. Calibration

standard levels are not specified, since they may depend on the sensitivity and linear range of specific

detectors. However, the low level standard must be equivalent to the reporting limits specified in Table

A-I.

7.5,1. Volatile standards are prepared by injecting a measured volume of the stock standard into a syringe

containing the appropriate volume of organic free water. The calibration standard is then loaded

into the purge device.
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8. SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1. Holding times for all volatile analysis are 14 days from sample collection.

8.2. Water samples are normally preserved at pH < 2 with 1: I hydrochloric acid. If residual chlorine is
present, 2 drops of I10% sodium thiosulfate are added.

8.3. Solid samples are field preserved with sodium bisulfate solution for low level analysis, or with methanol
for medium level analysis. Soil samples can also be taken using the EnCoreTM sampler and preserved in
(lhe lab within 48 hours of sampling. At specific client request, unpreserved soil samples may be
a cce pted.

8.4. There are several methods of sampling soil. The recommended method, which provides the minimum of
field difficulties, is to take an EnCore sample. (The 5 g or 25 g sampler can be used, depending on client
preference). Following shipment back to the lab the soil is preserved in methanol. This is the medium
level procedure. If very low detection limits are needed (< 50 gg/kg forn most analytes) then it will be
necessary to use two additional 5 g EnCore samplers or to use Field preservation.

8.5. Sample collection for mediumn level analysis Using EnCore samplers

8.5.1. Ship oneS5 g (or 25 g) EnCore sampler per field sample position.

8.5.2 An additional botlteI must be shipped for per-cent moi0stLore deitermination

8.5.3. When the samples are returned to the lab, extrude the (nomninal) 5g (or 25 g) samrple into a tared
VOA vial containing 5 niiL methanol (25 in L methanol for, the 25 g samnpler) Obtain the weight of the
soil added to the vial and note oil the label.

8.5.4. Add the correct amloun11 0'tlofsrogate sp iking minixture. (Add I t)0 ptL of' 250 fig/mrt LsoIlution for a
nom11itial 25 g sample, 20~IL for a nominal 5 g sample )

8.5.5. Adid the correct amount of mratri siXking soIlution to the mnairix spike and] matrix spike duplicate
samiples. (Add I100 [4 of 250 ftg/m L solution for a nominpal 25 g sample, 20l4d for a nominal 5 g
sample.) The add it ion of spike introduces a sli ght error, (0.4%,) which can be neglected, into the
eal ICuL at ion[s.

8.5 6. Prepare ain LCS for each batch by adding the correct amount of matr ix spiking solution to clean
methanol. ( 100 [t of spike to 25 inL methanol or 20 IL spike to 5 inL methanol).

8.5.7. Shake the samples for two in inuites to d srinbUle the methanol110 throughout the soil.

8.5.8. Allow to settle, then remove aI portion of methanol and store in a clean Teflon capped vial at 4+20C
unmti analysis

8.6. Sample collection for med imat level analysis Using field methanol preservation

8.6,1. Prepare a VOA vial by adding 5 niL purge and trap grade methanol. (if a 25 g sample is to be used,
add 25 ml.[ methanol to the VOA vial).

8.6.2. Seal thre bottle and attach a label.

8.6.3. Weigh thie bottle to thie nearest 0.01 g and note the weight onl the label.

8.6.4. Ship with appropriate sampling instructions.
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8.6.5. Each sample will require an additional bottle with no preservative for percent moisture

determination.

8.6.6. At client request, the methanol addition and weighing may also be performed in the field.

8.6.7. When the samples are returned to the lab, obtain the weight of the soil added to the vial and note

on the label.

8.6.8. Add the correct amount of surrogate spiking mixture. (Add 1 00 PL of 250 Pg/rnL solution for a

nominal 25 g sample, 2OpL for a nominal 5 g sample.)

8.6.9. Add the correct amount of matrix spiking solution to the matrix spike and matrix spike duplicate

samples. (Add I100 pL of 250 Vg/mL solution for a nominal 25 g sample, 20aL for a nominal 5 g

sample.) The addition of spike introduces a slight error, (0.4%) which can be neglected, into the

calculations.

8.6.10 Prepare an LCS for each batch by adding the correct amount of matrix spiking solution to clean

mfethanol. (I100 pL of spike to 25 mLd methanol or 20 pL spike to 5 ml, methanol).

8.6.11I Shake the samples for two minutes to distribute the methanol throughout the soil.

8.6.12. Allow to settle. thcn remove a portion of methanol and store in a clean Teflon capped vial at 4+20 C

until analysis.

8.7, Low level proccdure

8 71. If low detection limits are required (typically < 50 lpg/kg) sodium bisulfate preservation must be

used. H-owvever, it is also necessary to take a sample for the mredium level (methanol preserved)

procedure, in case the concentration of analytes in the soil is above the calibration range of the

low-level procedure.

8 72 A purge and trap autosampler capable of sampling from a sealed vial is required for analysis of

samnples collectedLusing this methodI (Varian Archon or 0.1.4552)

8 7.3, The soil sample is taken using a 5g EnCore sampling device and returned to the lab. It is

recommended that two EnCore samplers be used for each field sample position, to allow for any

reruns than may be necessary A separate sample for % moisture determination is also necessary.

8 7.4. Prepare VODA vials by adding a magnetic stir bar, approximately I g of sodium bisulfate and 5 mL of

reagent water

8.75. Seal the vial and attach a label. The label must not cover the neck of the vial or the autosamnpler will

malfunction.

8 76. Weigh the vial to the nearest 0 01 g and note the weight on the label

8 7.7. Extrude the soil sample from the EnCore sampler into the prepared VOA vial. Reweigh the vial to

obtain the weight of soil and note on the label

8.7.8. Note: Soils containing carbonates may effervesce when added to the sodium bisulfate solution. If

this is the case at a specific site, addS m L of water instead, and freeze at> -IO"C until analysis.

8.79. Alternatively the sodium bisulfate preservation may be performed in the field, Ship at least two

v'ials per sample The field samplers must determine the weight of soil sampled. Each sample wvill
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require an additional bottle with no preservative for percent moisture determination, and an
additional bottle preserved with methanol for the medium level procedure.

8.8. Aqueous samples are stored in glass containers with Teflon lined septa at 4t C +/- 2CC, with minimum
he ad space.

8.9. Medium level solid extracts are aliquoted into 2 -5 mL glass vials with Teflon lined caps and stored at
4"C +/- 2"C. The extracts are stored with minimum headspacc.

8.10. The maximum holding time is 14 days from sampling until the sample is analyzed. (Samples that are
found] to be unpreserved still have a 14 day holding time. However they should be analyzed as soon as
possible. Thle lack of preservation should he addressed in the ease narrative). Maximum holding time
for the EnCorc sampler (before thle sample is added to methanol or sodium bisuffate) is 48 hours.

S.1I1. A holding blank is stored with the samples. This is analyzed and replaced if any of the trip blanks show
any contamination Otherwise it is replaced every 14 days.

Note: Freezing is not allowed for Ohio VAP solids.
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EnCore procedure when low level is not required (field steps
in gray) _ _ _ _ _ _ _ __ _ _ _ _ _ _ _

Ship one EnCore Extrude soil sample
from EnCore into taredsampler and one bottle Take core sample and septum capped vial

for %moisture per % moisture sample containing 25 ml-
sample location methanol

Renoeihva proeduren wh enmowlveli aprequiraedySml s edo

Ship one 25g and two Extrude 25g soil
5 q EnCore samplers Take core samples and _________sample from EnCore

and one bottle for into tared septum
%moisture per sample % moisture sample capped vial containing

location 25 mL methanol

Shake for 2 minutes.
Allow to settle, then

Reweigh vial to obtain remove approximately Sample is ready for
soil weight. 5 mL methanol and aayi

store in a septum
canpedi vial

Extrude the two 5q
samplers into separate

tared VOA vials Store for low level Sample is ready for
containing 5 ml- analysis if needed aayi
sodium bisulfate

snlitlion _ _ _ _ _ _ _ _ _ _ _
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Field methanol extraction procedure (field steps in gray)

Ship following DOT
Prepare a septum Weigh the vial and regulations for

capped vial containing record the weight to the flammable liquids and
5 mL methanol for nearest 0QO1g on the include a separate

each sample location label. bottle for each sample
location for % moisture

Weighr thatte v eiahan Take a (nominal) 5g Extrude the sample
ensueta the waeigs hat core sample using an into the vial, taking

listed on the label. (If EnCore sampler or a care not to splash any
not, use a different vial) cut off plastic syringe methanol out of the vial

Retumn to the lab
Cap the vial and record Take a separate following DOT shipping
the weight on the label sample for % moistue regulations for

flammable liquids.
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9 . QUALITY CONTROL

9.1. Refer to the method 8000B section of this SOP, section 9, for general quality control procedures,
including batch definition, requirements for method blanks, LCS, matrix spikes, surrogates, and control
limits.

10. CALIBRATION AND STANDARDILATION

M0.. Refer to the method 8000B section of this SOP, section 1 0, for general calibration procedures.

10.2. Gas Chromatograph Operating Conditions

Various column configurations are possible. If dual column confirmation is necessary, the sample may
be split using a Ysplitter at the injector end to direct the sample to two columns and two detectors For
simultaneous determination of aromatic and halogenated volatiles, a single column is used and the PID
and ELCD detectors are connected in series.

10.2.1. Refer to Table A-2, A-3 and A-4 for GC operating conditions.

10.3. Initial Calibration

103.1 Refer to Section 10 of the 8000B section of this SOP for details of initial calibration criteria.

10 32 Low level Soil saamples must be purged at 40t'C; therefore the calibration curve must also be purged
at 40"C. In addition, the low level soil calibration solutions should contain approximately the same
amnount of sodium bisulfate as the samples.

10.3.3. The low level calibration must be at the reporting limit or below. The remaining standards
encompass the working range of the detector.

10 3.4 Calibrate the instrument rising the same volume that will be used during sample analysis.

10 4 Calibration Verification

10.4.1. A mid level calibration standard is used for the calibration verification. The gases have 20 % D

criteria rather than the 1 5% used for other analytes.

10,4.2. A calibration verification run is performed after every I10 samples for this method.

1 04.3 Bracketing of samples with calibration verification runs is only necessary for external standard
analysis.

I1. PROCEDURE

II I Refer to the maethod 80008 section of this SOP for general procedural requirements.

11.2. Analytical Sequence

The analytical sequence starts with an initial calibration of at least five points, or a 12 hour calibration
that mneets 0/4 difference criteria from an existing initial calibration

11 3 Confinwination

The PID and El-CD detectors are sufficiently selective that second column confirmation is not always
necessary. Requiriements for second columnnconfirmnation shouild bedecided in consultation with the
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client. If the PID and ELCD are used in series confirmatory information for many analytes can be gained
by comparing the relative response from the two detectors.

11.4. Aqueous Sample Analysis (Purge and Trap units using sparge vessels)

11.4.1. Depending on the sensitivity of the instrument and capabilities of the purge and trap device, 5, 1 0,
20, or 25 ml- sample volumes may be analyzed. A 5 mL sample volume is recommended.

11.4.2. Rinse a 5 mL (or 25 mL for larger sample volumes) gas-tight syringe with organic free water. Fill the
syringe with the sample to be analyzed, and compress to volume

11.4.3. Check and document the pH of the sample remaining in the VOA vial after loading the syringe.

11.4.4. This procedure invalidates the contents of the VOA vial for further analysis, unless an aliquot is
transferred to a smaller VOA vial with no headspace (e.g., 20 ml-) at the same time the analysis
aliquot is removed.

11.4.5. Spike with the appropriate Volume of'surrogate/itnternal standard solution and spike Solution (if
required) through the barrel of the syringe. The method blank is spiked with surrogates only, the
LCS and matrix spikes with the surrogate and matrix spiking Solutions. Refer to Tables A-5 and A-6
For volumes and concentrations of spiking soIlutions.

11.4.6. Load onto the purge and trap device and start ihe run.

1I 4.7. I f'the initial analysis of a sample or a dilution of the sample has a concentration of analytes that
exceeds the initial calibration range, the sample must be reanalyzed at a higher dilution. When a
sample has a high response for a comnpound, an organic free water b lank shou Id follow analysis. It
is recogniizedlthat dtiring auttoma~ted uniattenided anai~lysis, this mazy not occuri. I fany potential
carryover hits are present in samples following highly contamin ated samples, the sample must be
reanalyzed to determnine if any of these hits are at resulIt of carryover or are ,acttia Ity present in the
sat np Ic.

11.4 8. D)ilut ins may be muade in gas tight syringes tinless the voIl11 tieof sam1ple used is less than 5 pL, in
Which ease dilution in volumetric tlasks will be necessary.

11.4.8.1. Spike with the same volume of surrogate/nintrnal standard solution as used for undiluted
samples prior to loading onto the purge and trap device

11,4.8.2. For Matrix spike / matrix spike dUplicates where the sample reqtiires dilIution, the sample is
spiked after the dilution is performed.

I1.5. Aqueous and Soil Sample Analysis (Ptmrge and Trap tinits that san]pl e directly from the VOA vial)

11.5.1. Units, which sample from tlie VOA vial, should be equipped with a module, which autiomatically
adds stirrogate and linternatl standard solution to the sample prior to purging the sample

11.5.2. If the autosamrpler tises -automatic IS5/SS injection, no ftirther preparation of the VOA vial is needed.
Otherwise the internal and] surrogate standards must be added to thie vial. Note~ Aqueous samples
with high amrounts of sediment present in the vigal may not be Suitable for analysis on this
instru nientat ion, or- they may need to analyzed as soils.

l1.5.3. Sample remalining in the vial after sampling with one of these mechanisms is no loniger valid tor
further analysis. A fresh VOA vial itmst be used for- ftirther sample analysis.

l11.5.4. Check the pH- of the sample remaining in the VOA vial after analysis is completed.
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11.6. Low-Level Solids Analyvsis using discr~ete autosainplers

Note: This technique may seriously underestimate analyte concentration and must not be used except
at specific client request for the purpose of comparability with previous data. It is no longer part of
SW-846.

This method is based on purging a heated sediment/soil sample mixed with reagent wvater containing

the surrogate and, if applicable, internal and matrix spiking standards. Analyze all reagent blanks

and standards tinde~rthe same conditions as the samnples (e.g.,,heated). The calibiration curve is also

heated during analyjsis. Puerge temiperature is 4"C.

11.6.1. Do not discard any supernatant liquiids Mix the contents of the container with anarrtownmetal

spatula

11.6 2. Weigh out Sg(or other appropr-iate altquot) of sample into adisposablecuiltur-e tube or other-

purge vessel Record theiweight to the nearest 0 1g. If mnethod sensitivity is demonstr-ateda

smaller aliquot may berused Do not use aliquiots less than l.0g. If the samnple is contaminated

with anal vtes such that apurge amount less than l.0g is appropriate, use the mednam level

mnethod described in section 11 7

ii 6.3 Connect the purge vessel to the purge and trap device.

11.6 4. Rinse a S it.L gas-tight syvringe with organic./lee water, and/ill Compr;ess to S itiL Adcl

sut-rogate/inter-nal standard (and matr-ix spike solutions if required.) (See Tables A-S, A-6. A-7

and A -8.) Add directli' to the samnple fromn 11.6.2.

II1 6 5 The above steps should be perfor med rapidly, and without interr uption to avoid loss of volatile
ot-ganic's.

11.6 6 Add the heater jacket or at/ier heating device and start the purge and trap tuta.

11 6.7. Soil samples that have IC)ow IS recovery wthen analyzed (<SO%,l should be reanalyzed once to

con/mm mniatrix efiect i/exterinailstandcard clalibr-ationis uisedsamiples withswl-i-agate recov~eryi

below ~the conti-ollian it shouild be reanialyzed once toconitji-miaiyct,-ix effe~ct.

11.7. Methanol Extract Soils

11.7.1. Rinse a gas-tight syringe with organic free water. Fill the syringe with the same volume of organic
free water as used in the calibrations. Add no more than 2% (WvV) (1I00 ILL for a 5 mL purge)
methanrolic extract (from Section 8.5 or 8.6) to the syringe. Add internal standard (if used). Load

the sample onto the purge and trap device and analyze as for aqueous samples. If less than 5kLL of

methanolic extract is to be added to the water, dilute the methanolic extract such that a volume
greater than 51vl- will be added to the water in the syringe.

12. DATA ANALYSIS AND CALCULATIONS

Refer to section 12 of the 8000B section of this SOP.

13. METHOD PERFORMANCE

13.1. Performance limits for the four replicate initial demonstration of capability required under Section 1 3 I of

the 8000B section of this SOP.

14. POLLUTION PREVENTION

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

15.2.1. The following waste streams are produced when this method is carried out.

15.2.1.1. Acidic material from the auto-sampler. Waste streamn must be collected and neutralized
before discharge to a sewer system if the p1- is less than 4.

15.2.1.2. Methanol waste from rinses and standards. Methanol waste is discarded as a flammable
liquid .

15.2.1.3. All samples including purged and extracted soils and waters: Samples are collected in boxes
and removed from the lab to storage. The waste coordinator handles crushing the vials and
proper disposal.

16. REFERENCES

16.1. Test Methods for IEvaluating Solid Waste, Physical/Chemiucal Methods. SW846, 3rd Edition, Final
Update 111, December 1996, Sections 5000, 503013. 5035 and 8021 B

17. MISCELL.ANEOUS

17.1. Modifications ficom Reference Method

17.2. Modifications fromt previous revision

17.2.1I. No revisions were made to th is appendix.

17.3. Facility Specific SOPs

Each faeility shall arttach a list of facility specific SOI's or approved attachments (if applicable) which are
require-d to implemient this SOP or which arie usedcin conjuinction withithiis SOP Ifino facility specific
SOPs or amendments are to be attached, ai statement must be attached specifying that there arc none.
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17.4. Tables

Table A-I

Standard Ana~t it_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Test Compound CAS Reotn ii,~t/L oru

number Aqueous Low Soil Medium
~~~~Soil

Hlalogenated Bromodichlor omethane 75-27-4 1.0 1.0 50

volatiles by Bromofonn 75-25-2 1 0 1.0 50

8021B Bromomethane 7483-9 I 0 1.0 50

Carbon Tetrachloride 56-23-5 1.0 1.0 50

Chlorobeuzene 108-90-7 1.0 1.0 50

Chloroethane 70-00-3 1.0 1.0 50

2-Chloroety vnlehr110-75-8 5.0 5.0 250

Chloroform 6--31.0 105

Chloromethane 74-87-3 1.0 1.0 50

Dibromochloroinethane 124-48-1 1.0 I. 50

1,2-Dichlorobenzene 95-50-I 1 0 1.0 50

1,3-Dichlorobenzene 541-73-1 . 1.0 50

I,4-Diehlorobenzene 106-46-7 1.0 1.0 50

DichlorodiflUororrethane 75-71-8 1.0 I 0 50

1,1-Dichloroethane 75-34-3 1 0 1.0 50

1,2-Dicliloroethanie 107-06-2 1.0 1.0 50

Il-Dichloroethene 75-45-4 1.0 1 0 50

cis-l,2 Dichloroetliene 156-59-4 10 10 50

trans- I .2-Dichloioethcne 1 56-60-5 I 0 1.0 50

Dclromneth ane(DC N) 70925.05.20

I 2-Dtchloropropine 78-87-5 1.0 1.0 50

cis-1,3-iTichloropropene 10061-01-5 1.0 1 05

trans-l1,3 -D ihloropropene 100O61-02-6 1.0 1.0 50

I, I,2,2-Tetrachloroethianc 79-34-5 1.0 1.0 50

Tetrachloroethene 127-18-4 1.0 I 0 50

1,l, I-Trichloroctliane 71-55-6 1.0 1 0 50

1, 1,2-Trichloroethane 79-00-5 1.0 1.0 50

Trichloroettienc 79-01-6 1.0 1 0 50

Trichlorofluoromethane 75-69-4 1.0 1.0 50

~~~~~Vinyl Chloride 75-014 1.0 1.0 50

Additional Benzyl Chloride 100-44-7 5.0 5.0 250

halogenated Bromobenzene I 08-86-I 1 0 1.0 50

volatiles Dibromomethane 7~4-~95-3 1.0 1.0 50

1,1I11,2-Tetrachloroethane 630-20-6 1.0 1 0 50

Freon 1 13 76-13-I 1 0 1.0 50

1,2,3-Trichloropropane 96-18-4 10 1.0 50

BTEX by Benzene 71 A3-2 - - 1.0 10 5

8021B Ethyl Benzene 100-41-4 1..05

Toluene 108-88-3 1.0 105

~~~~~~Xylenes (total) 1330-20-7 1.0 105

Aromatic Benzene 7 1-A3-2 I.0105
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Table A-1
_____________ ~~~~~~~Standard Analye List _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Test ICompound CAS Reprin iit, pg/L or p g/j,,,j
number Aqueous Low Soil Medium

_____ _____ __ __ ____ ___ _ _____ ____ S oil

volatiles by
8021 B

Chlorobenzenc 108-90-7 1.0 I1.0 50
I1,2-Dichlorobenzcne 75-34-3 1.0 1.0 50
1,3-Dichlorobenzene 107-06-2 1.0 10 50
I1,4-Dichlorobenzene 75A54 .0 .0 50
Ethyl Benzene 100-41-4 1.0 .050
Toluene 108-88-3 1.0 1050
Xylenes (total) 1330-20-7 1.0 .050

Additional 1,2,4 Triincthylbenzcnc 95-63-6 1.0 1.0 50
aromnatic and 1,3,5 Triinethiylbenzcnc 108-67-8 1.0 1.0 50
Unsaturated Acetone 67-64-1 10 10 500
volatilos MEK (2-btitanone) 78-93-3 5.0 5.0 250

M K(4-mcethyl-2-pcntanone) 108-10-I .1. 5
Nap)hthaene 91-20-.3 20 2.0 250
Styrene 1 .02510 1.0 50

_____________Methyl tert-butYl ether (MTBE) 1634-04A4 1.0 1.0 50
Combined Becnzene 71-43-2 I .0 1.0 50
halogenated Bromobenzene 108-86-I I 0 1.0 50O
and aromuatic B romochloromethane 74-97-5 1.0 I 0 50
volatiles by Bromiodichloroieflhane 75-274 1.0 1.0 50
802113 Bromof'orm 75-25-2 T 0 1o0 50

Bromomuctlne 74-83-9 1.0 1.0 50
n-butylbenzenc ~~104-51-8 10 1.0 50

sec-Butylbenzene 135-98-8 1.0 1.0 50
tert-Butylbenzcne 98-06-6 1.0 1.0 50
Carbon Tetrachloride 56-23-5 1.0 1.0 50
Chlorobcnzene 108-90-7 1.0 1.0 50
Chlorodibromomnethane 124-48-I 1.0 1.0 50

Chlorocthanc ~~~~75-00-3 1,0 I .0 50
Chloroform 67-66-3 1.0 1.0 s0
Chloromethane 74-87-3 1.0 1.0 50
2-ChlIorotol Ue11 95-49-8 1.0 1.0 50
4-Chlorotoluene 10043-4 10 1.0 50
I1,2-Dibtroio-3-Clhloropruopaaic(DBCP) 96- 12-8 1.0 1.0 50
I1,2-D~ibronioethane(IEDJB) 106-93-4 1.0 1.0 50
Dibromnomethane 74-95-3 T.0 1,0 50
I1,2-Dich lorobenzenc 95-50-1 It0 1.0 50
I,3-Dihchlorobenzene 541-73- I 10 1 0 50
1,4-Dichlorobenzeuie 106-46-7 1.0 1.0 50
DichlorodillUoroniethane 75-71-8 1.0 1.0 50
1,1I -Dichloroethatie 75-34-3 1.0 1.0 50
1,2-Dichloroethane 107-06-2 1,0 .0 5
1,1I -D ichloroetficne 75-354 1.0 I 0
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Table A-I

Standard Analyte List _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Test Compound CAS Reporting Limit, [ag/L or ~gk
number Aqueous Low Soil Medium

_____ ___ I Soil

cis- I1,2-Diehloroethene 156-594 1.0 1.0 50

trans-I1,2-Dichloroethene 156-60-5 1.0 1.0 50

1,2-Dichloropropane 78-87-5 1 0 1.0 50

I1,3-Dichloropropane 142-28-9 1.0 1.0 50

2,2-Dichloropropane 590-20-7 1.0 1.0 50

LIl-Dichloropropene 563-58-6 1.0 1.0 50

cis- I1,3-Dichloropropene 10061-01-5 1.0 1.0 50

trans-I ,3-Dichloropropene 10061-02-6 1.0 1.0 50

Ethylbenzene 100-41-4 1.0 1.0 50

Hexacblorobutadiene 87-68-3 1.0 1.0 50

lsopropylbenzene 98-82-8 1.0 1.0 50

p-Isopropyltoluene 99-87-6 1.0 1.0 50

Methylene Chloride 75-09-2 5 0 5.0 250

Naphthalene 91-20-3 2.0 2.0 250

n-Propylbenzene 10306501 1.0 1.0 50

Styrene 10042-5 1.0 1.0 50

1, 1, 12-Tetrachloroethane 630-20-6 1.0 1.0 50

i1, 2,2-Tetrachloroethane 79-34-5 1.0 1.0 50

Tetrachloroethene 127-18-4 1.0 I10 50

Toluene 108-88-3 1.0 1 0 50

1,2,3-Trichlorobenizene 87-61-6 1.0 1.0 50

1,2,4-Trichlorobenzene 120-82-I 1.0 1.0 50

l, 1,lI-Trichloroethane 71-55-6 1.0 1.0 50

1,I1,2-Trichloroethane 79-00-5 I10 1.0 50

Trichloroethene 79-01-6 1.0 1.0 50

Trichlorofluorornethane .75-694 1.0 1.0 50

I1,2,3-Trichloropropane 96-184 1.0 1.0 50

I1,2,4-Trimethylbenzene 95-63-6 I 0 1050

1,3,5-Trimethylbenzene 108-67-8 1.0 1.0 50

Vinyl Chloride 175-014 1.0 1.0 50

________________ Xylenes (total) ~~~1330-20-7 1.0 1.0 150

Table A-2
Recommended Conditions for Aromatic Volatiles

Parameter LRecommended Conditions
Temperature program 500C, Imin, I00C/rnin to 2000C,I min

ColUmn I Rtx-502.2 or DB3-502.2 60m x 0.53mm 3.Oum

Column 2 Rtx-IlorDB-I 6OmxO.53mm 3.0um

Carrier gas Heliuim or hydrogen
Purge Flow / time 40 mL/min, I I minutes

Desorb Temp / time I 800C, 2 minutes (2200C for Vocarb 3000)

Bake Time /termp 2000C, 12 minutes (230"C for Vocarb 3000)

Transfer line / valve temp I115'
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Table A-3
Recommended Conditions for Method Halogenated Volatiles

Parameter }Recommended Conditions
Temperature program 350C, 12 min, then 40 C/mrn to 2000 C, hold for 5 min
Columin I DB-VPX or RTX-502.2 lO5in x 0.53mmni id df=3.Ouml
Columni2 DB-lI or RTX-lI 105mnx 0.53 minlD df = 3O0u
Columin 3 Rtx - Volatiles 12Oin x 0.53mmn ID d-2.0unm
Carrier gas Helium
PUrge Flow / time 40 inL/min, I I minutes
Desorb Temp / time 180', 2 minuites (220"C for- Vocarb 3000)
Bake Time / temnp 200"C, 12 minutes (230"C for Vocarb 3000)
Transfer line / valve tern I I 5'1C

Table A-4
Recommndneiid Conditions for Method Combined Aromatic and Hlgnae oltls

Parameter Recommnended Conditions
Temperature program1 35tC, 12 mnin then 4"Clmin to 200uC, hold for 5 min
Columin I DB-VRX or RTX-502.2 O05m x 0.53 mmi d dt'= 3.OUmn1
Columin 2 D13- I or RTX-1 1nI Om x 0.53 mmn ID di' 3.Oumi
Co In in ii3 Rtx - Vo latiles I 20mn x 0 53inin II) d I=2 Oum
Carrier gas 1-I elitu
Puirge Flow / (ime 40 mlimin, I I minutes
Desorb Temp / timec I 80"C, 2 minteLIs (220"C for Vocar b 3000)

Bake Time / temp ~~200 t'C, 12 MinmUtes (230"C for Vocarb 3000)
Transer lie v lve tep I "
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Table A-S
Surrogate and Internal Standard Concentrations

Standard Components Working Solution Spike amount Final concentration
V.g'mL pL (for 5 mL Itg/L (pg/kg)

________________ ____________________________________ ___________________ p r e)______________rge_____

Aromatic 14-Chlorotoluene (SS) 20 52

volatiles IS/SS l-Chloro-4-fluorobenzene (IS) 40 40_____ _________

Halogenated 4-chlorotoluene (SS) 20 H10
volatiles IS/SS I -Chloro-4-fluorobenzene (IS) 40 ________[4

Combined Fluorobenzene (SS) 20 5 20

A rom atic and _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

halogenated 1,4-Dichlorobutane (SS) 20 5 20

volatiles IS/SS I-Chloro-4-fluorobenzene (IS) 40 10 40

It may be necessary to select different surrogates in order to minimize sample interferences. 1-chloro-4-fluorobenzene

and 4-chlorotoluene are fairly well resolved from analytes listed in this SOP. However 4-chiorotoluene may sometimes

be requested as a target analyte. Other surrogates that may be considered, and issues associated with their use are.

Bromochloromethane: Elutes very close to chloroform and cis-], 2-dichloroethene on the 502.2 column.
May be a target analyte.

I1,2-Bromochloroethane
Il-Chloro-2-fluorcobenzene Elnes close to ethylbenzene on DB3-I or Rtx- I and close to m,p-xylene on 502.2

a,a,a-Tritluorotolucnc. Good for ar omatic volatiles, coelutes or very close to trichloroethenc

Bromofluorobenzene Close to l,I1,2,2-trichlorocthiane and 1,2,3-trichloropropane on the 502.2 column.
Good on DB3-I or Rtx-l1.

2-Bromo-lI-chloropropane: May coelute with 1, 1,2-trichiloroethane

Table A-6

Concentrations forL[CS and MSIMSD compounds __________

Standard jComponents Working Solution ptg/mL Spike amount pL Final concentration

______ ___ I______ _____ ______ __ I ______ _____ ____ (5 mL purge) ptg/L (pag/kg)

Aromtic Bcnzene 20 520
Toluene 20 ]20

___________Chlorobenzene 20 1________ 20

Halogenated Chlorobenzene 20 520

l,l-Dichloroethene 20 20

Trichloroethenec 20 1________ 20

Combination Benzene 120 5 120

aromatic!/ Toluene 20 20

halogenated Chlorobcnzene 20 20

1, I -Dichloroethene 20 20

Trichloroethene 20 20
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SCOPE AND APPLICATION

This SOP Appendix describes procedures to be used when SW-846 Method 808 IA is applied to the analysis
of organochlorine pesticides by GC/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 arc prepared
according to the appropriate STL North Canton sample extraction SOPs. (CORP-OP-0001NC)

Table B- I l ists coinpotinds, 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 PCI~s (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 up procedure, then the same
injection may be used for method 808 1 B 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 ,associated Li MS method code is QJ (8081IA).

2 . SUMMARY OF~METIIOD

This method presents conditions for (the analysis of prepared extracts, of organochlorine pesticides. The
pesticides are injected onto the column and separated and detected by electron capture detect on.
Q nant iat ion nay be by internal or external standard methods

3. )EIFINITIONS

Refecr to the STL North Canton Laboratory Quality Manual (LQM). current version, for defmi itions of terms
used in this document.

4. INTERFERENCE-S

4,1. Refer to the method 8000B3 section of this SOP for information regarding chromatographic interferences.

4.2. Interferences in the GC analysis arise from many compounds amenable to gas chromatography that give
a m1eaIsurable 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 mininim izes interferences from phthalates.

4.3. Sulfur will intertbre and can be removed using procedures describied in SOP CORP-OP-000 I NC.

4.4. Interferences co-extracted from samples will vary considerably from Source to source. The presence of
interferences may raise quantitation limits f-or individual samples. Speciftic cleanups may be performed
on the sample extracts, including tiorisil cleanup (Method 3620), Gel Permeation Chromatography
(Method 3640), land Sulfur cleanup (Method 3660). These cleanup procedures are included in SOP#
CORP-OP-000 INC. Using hexane /acetone as the extraction solvent (rather thanlhexane / niethylene
chloride) will redUCe the amount of interferences extracted

5. SAFElY

5.1. Refer to section 5 of the Method 800013 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 BF[Cs. Primary standards

of these toxic compounds should be prepared in a hood.

5.4. All1 6 'Ni sources shall be leak tested every six months, or in accordance with the manufacturer's general
radioactive material license.

5.5. 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 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-mn-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 columin degradation evaluation mix.

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

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

9. QUALITY CONTROL

Refer to Section 9 of the SQOOB section of this SOP.

10. CALIBRATION AND STANDARDIZATION

10.1. Refer to Section I10 of the SCOOB3 section of this SOP for general calibration requirements
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10.2. Refer to Table B-2 for details of GC 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. The degradation of DDT and endrin must be calculated (see equations 9
and I0) and each shown to be less than 15% before calibration can proceed. This is only necessary if
thre 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 may include:

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

* Cutting offar portion of the injection end of a capillary column.

*Replacing the GC Column.

10.4. Initial Calibration

Refer 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.

I10.4.2. The response for each single-peak analyte will be calculated by the procedures described in the
geneial methlod for GC analysis.

10.4.3. The surrogate calibration ctirve is Calculated from the Individual AB mix. Surrogates in the other
cal ibrat ion standards arc used only as rcten lion time markers. Iftile re are resolution proble is, then
the A and B mixes may be analyzed separately

10,4.4. For mnulti-component pesticides:

Single point cali brati on is used for mnulti-component pesticides (typically toxaphene and[ technical
c hilordlane). Two options arc possible; the samtie quia n ttat ion opt ion Must be iISetl for standards
and samples. Relfer to section 12.3 for guidance on which option to use.

10.4.5. For mnulti-component analytes, the mnid level standard must be analyzed as part of the initial
calibration. This single point calibration is used to quant itate imuIt i-component ana lytes.

10.4.6. The analyst nay include a full 5 point cali brat ion for any of the mu Iti-componient ana lytes with the
initial calibration.

10,5. 12 hour Calibration Verification

The I 2 hour calibration verificat ion sequence Must be analyzed wi thin 12 hours of the start of the initial
calibration and at least once every 12 hours thereafter if' samples are being analyzed. If more than 12
hours have elapsed since the injection ofrthe last sample in the analytical sequence, a new analytical
seqluence must be started with a 1 2 hour calibration. A muid level calibration standard IS used for the 12
hour calibration. Refer to the 8000B section of this SOP for acceptance criteria.

10.5.1. Atain i nimum, the 12 hour calibration i nlltides analysis of thie breakdown mix followed by inid level
standards of any single and mnulti-componenrt analytes.

10.5.2. The retention time windows for any analytes included in the 12 hornI 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

mnulti-component analytcs. If instmument 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.

IIL PROCEDURE

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

11.2. Extraction

The extraction procedure is described in SOP No. CORP-OP-00OINC.

11.3. Cleanup

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

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

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

11.6. The suggested analytical sequence is given in Table B-7.

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. Identification of Multi-component Analytcs

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

'fingerprint" produced by major peaks of those compounds in the standard is used in tandemt 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 compoundsimay bemade even if the retention times of thiepeaks

in the sample fall outside of the retention tine windows of the standard, ifin the analyst's judgment the

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

12.3 Quantitation of Multi-component Analytes

Use 3- 10 major peaks or total area for quantitation as described in section 10.4.4, initial calibration of
multi-component analytes.

12.3.1. If there are no interfering peaks within the envelope of the multi-component analyte, the total area

of the standards and samples may be used for quantiftation. Any surrogate or extraneous peaks

within 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- 10 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- 10 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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coeluting with contaminant peaks from the quantitation. (i.e. peaks which are significantly larger than would
be expected from the rest of the pattern.)

Chlordane may be quantitated either using the multiple peak option ( 12.3. 1. I) total area option ( 12.3.1 2.) or
by quantitation of the major components, a-chlordane, y-chlordane and heptachior

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 mnulti-comptonent pattern in the
samples. The retention time window for total area measurement must contain at least 90% of the area of the
analyte.

12.4. Second columin confirmation multi-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-
mi-xylene (TCMX). Corrective action is only necessary if DCB and TCMX are both outside of
acceptance limits.

12.6. Calculation of Column Degratlat ion/%/ Breakdown (04B)

Eq/uatioJ 9

DDTY1? AmIIm) + A1P xr 100

where:
~11 11til EandcA,,1,1*=the responiseof the peaks for 44'-ODD, 4.4-DDE, and 4,4'-
DDT in the column degradation evaloation miix.

Eq~ucaton 10

Emdrin %B = ALA + A1,- A IOU
Ack ±A t- + Ar

where:
Al.g,AELA andA,= the response of endrin ketonec, endrin aldehyde, and endrin in the
coluimn degradation evaluation mix.

13. METl'llOI) PERFORMANCE

13.1. P'erfor mance limitsd for the four replicate initial demonstration of capab ility required under Section 13. I of
the maul body of (his SOP. [Example performance limits are listed in Table B-S. The spiking level should
be equivalent to at mid level calibration.

14. POLLUTION PREVENTION

Refer to section 14 of the SOOOB 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
informiation is required.

16. REFERENCES

16.1. SW846, Update 111, December 1996, Method SOSI]A

17. MISCELLANEOUS

17.1 Modifications fromn 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

____________ Reporting Limit, pg/L or pgkg
Compound wtrsoil waste
Aldrin 0.05 1.7 50
a-BFIC 0.05 1.7 50
P-BI3C 0.05 1.7 50
&-BHC 0.05 1.7 50
y-BHC (Lindane) 0.05 I 7 50
ct-Chlordane 0.05 1.7 50
y-Chtordane 0.05 1.7 50
Chlordanre (technical) 0.5 17 500
4,4'-ODD 0.05 1.7 50

-4,4'-DDEI' 0.05 1.7 50
4,4'-DDT 0.05 1.7 50
Dieldrin 0 05 1.7 50
I'rndosutfan I 0.05 1.7 50
EndosulfaIn 11 0.05 1.7 50
Enclosul fan Sulfate 0 05 I 7 50
Dindri n0.05 1 7 50
Diudrin Aldehyde 0.05 I 7 50
I leptaichlor 0.05 1.7 50
llep'tachlor Epoxide 0.05 1.7 50
Methoxychlor1 0.1 3.3 100
Toxaphene 2.0 67 2000
APPENDIX IX ADD ONs
Diallate 1.0 33 1000
Isodrin 0.1 3.3 100
Chlorobenizilate 0.1 3 3 100
Ku'pone' 1.0 33 1000
Kepone is somnetiincs requested for analysis by method 8081IA. However kepone may produce peaks with broad

tailIs that ehlue later than thie standard by uIP to a mininute (presumnably dhie to hemn i-aceta Iformat on). As aI result
kepone ainalysis by 808!A is inreliable aind not recommennded. Analysis by miethod 8270C is a possible aIlternlative.
Note: alpha chlordane, gammia chlordane, and enidrin ketone are not required for some projects

The following concentration factors are assumned in calculating the Reporting Limnits.
Extraction Vol. Final Vol.

Ground water 1000 inL, 10 ml-
Low-level Soil 30 g 10 ml-
IIigh-level soil / waste I g 10 ml-
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Table B-2

Parameter [Recommended Conditions

injection port temp 220 0C

Detector temp 325 0C

Temperature program 120 0C for I min, 8.50C/min to 2850C, , 6 min hold

Column I Rtx-CLI'esticides 30m x 0.32mm id, 0.5 am

Column 2 Rtx-35 30m x 0.32 mm id, 0.5gm

Column 3 DB-608, 30m X 0.32 mm, 0.25gm

Injection 2pL

Carrier gas Helium or Hydrogen

Make up gas Nitrogen

Y splitter Restek or J&W or Supe ls tee
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Table B-3
Calibration Levels ng/niL

Level I Level 2 Level 3 Level 4 Level 5 Level 6 2
Individual Mix AR'
Aldrin 5 10 25 50 100 200
g-BHFC (Lindane) 5 10 25 50 100 200
Heptachlor 5 10 25 50 100 200
Mcthoxychlor 10 20 50 100 200 400
Dieldrin 5 10 25 50 100 200
Endosulfan 1 5 10 25 50 100 200
EndoSUlfan 1l 5 10 25 50 100 200
4,4'-DDT 5 10 25 50 100 200
Indrin Aldehydc 5 10 25 50 100 200
Endrin Ketone 5 10 25 50 100 200
[I-3-BIC 5 10 25 50 100 200
-Bi IC 5 10 25 50 100 200

cz-BHIC 5 10 25 50 lOG 200
4.4'-DDD 5 10 25 50 100 200
4,4'-I)DE 5 10 25 50 00o 200
Etidosul fan Sulflate 5 to 25 50 100 200
Endnin 5 10 25 50 100 200
ax-Chlordane ' 5 10 25 50 100 200
y-Chlordaie3 5 10 25 50 100 200
Niutit-coimplonent Stanidards
C hilordane (Technical) 250'
Toxa ,herne iooo5

SUn ogates ate ciruded with all the calibration mixes at the following levels:

Tclrachloto-mi-xylene 5 10 25 50 100 200
DecachlorobipThenyI 5 10 25 50 100 200

Standards may be split into an A and B mix if resolution of all compounds on both columins is not obtained.
2Level 6 is optional and should only be used if linearity can be maintained on the in'strument to this level.
CompoundIs mra y be Used in lieit of running a (alily technical Chlordane standard for samples that are non-detect for

technical Chiordlane.
4This standard may be used for quatntitation of technical chlordane between 50 and 1000 nglmL. If the chlordane is

miore concentrated, the extract muILst be diluted and reanalyzed.
'This standa~rdlmay be us~ed for quantitation oftoxaphiene between 200and 4000ng/lmL. lfthectoxaphene is '"ore

concentrated, the extract must be diluted and reanalyzed.
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Table B-4
Column Degradation Evaluation Mix nglnmL

Component Concentration

4,4'-DDT 25

Endnn 25

Tetrachloro-m-xylene (Surrogate) 20
Decachlorobiphenyl (Surrogate) 20

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

______ ______ ______ ______ ______ ______ ______ Aqueous Soil W aste

gamma BHIC (Lindane) 0.20 33.3 200
Aldnin 0.20 33 3 200

Heptachlor 0 20 33.3 200

Dicldrin 0.50 33.3 500
Endrin 0 50 33.3 500

4,4'DDT 0.50 33.3 500

Tctrachloro-m-xylene (Sturrogate) 0.20 33.3 200
Decachlorobiphenyi (Surrogate) 0 20 33.3 200

Table B-6
LCSIMatrix Spike and Surrogate Spike levels for TCLP Ri/L or rig/kg

Aqueous Waste

Hleptachlor 5 500

Heptachlor epoxide 5 500

Lindane 5 500

Endrin 5 500

Methoxychlor 10 1000
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'Fable B-7
Suggested Analytical Sequence

Initial Calibration
Solvent blank (optional)
Breakdown Mix
Individual mix AS All levels
Technical Chlordane Level 3'
Toxaphene Level 3'
Up to 20 samples unless 12 hours comes first)
Solvent blank (optional)
IndividUal nix AB Mid level (Continuing calibiation)
Samples
After 1 2 h'ours:
Breakdown mnix
Individual mix AS
Any other single component analytes

Any mnuIt i-comrponent analytes

A five poinit cu~rve for any of the mutlti-component analytes may be included
If Arochlors are included, a 5 point calibration for Arochlor 10 16/1260 should be included with the initialI
calibration and a single point for the other Aroch lors. The inid point 10 16/1260 mix is inc tided with the daily
cal ibrat ion (every 12 hours).

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 aIs routine i mimdiate ly prior to swri dards.

12 hour Calibration

At least evcry 12 houirs, counting fioni the start lofthe initial calibration, cor from the start of the last (laily calibration,
the relent ion time windows m1ust be Updated u.sing the Individual inix A B, and the breakdown in ix must be ruLn before
the containuing calibration.
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Table B-8

Example Performance limits, four replicate initial demonstration of capabilt

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

Aldrin 46-112 2 1
alpha-13FC 51-122 24

beta-BFHC 61-120 32
delta-BHIC 49.5-118.5 36

gamrna-13HC 57-116 23
Chlordane 44 8-108.6 20
4,4'-DDDl 52-126 28

4,4'-DDE 46-120 27.5

4,4'-DDT 54-137 36
D~ieldrnn 42.5-124 5 38

Endosulfian I 43-141 24.5
Endosulfanll1 78-171 61

Endosulfn Sulfate 62-132 27

Endrin 49-126 37

Heptachlor 57-100 20
Heptachlor Epoxide 43.5-I131.5 25.4
Toxaphene 44.4- I 1 1.2 20
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1. SCOPEAND APPLICATION

1. 1. This SOP Appendix describes procedures to be used when SW-846 Method 8000B is applied to the
ainalysis of polychlorinated biphenyls (PCB) by GC/ECD This Appendix is to beapplied 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 aissociated LIMS method code is QH (8082).

2. SUMMARY OFIVMETI-ll)

This method presents conditions for the analysis of prepared extracts of PCBs. The PCBs are injected onto
the column and separated and detected by electron capture detection. Quantitation ts by the external
standard method.

3. D)EFINITlIONS

Refer to the STL North Canton Laboratory Quanlity Manual (LQM), current version, for definitions of terms
used In this documnent.

4. INTERFERENCES

4.1, Referi to the method 800013 section oft his SOP for informnation regarding chrormatograph ic interferences.

4.2. Inter ferenecs in the GC analysis arise from many com1poundIsamrenable to gas churomatography that give
a1 measurable response on thie electron capture detector. Phihialate esters, which are common
plasticizers, can pose aI major problem in the determinations. Avoiding contact with any plastic
materials minimizes interferences from phithalates.

4 3. Sultur will inter fere and can be removed using procedures described in SOP CORP-OP-000 INC

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 Penneation Chromatography
(Method 3640), and Sulfur cleanup (Method 3660). These cleanup procedures ire included in SOP#
CORP-OP-COO01NC.

5. SAFI(I'Y

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

5 2 Ar-oclorslhave beenclassitied ats apotential carcinogeniunder OS11A. Concentrated solutions of
Aroclors must he handled with extreme care to avoid excess exposure. Contaminated gloves and
clothing inuist be removed immed tately Contaminated skin surfaces must be washed thoroughly.

5.3. All "Ni sources shall be leak tested every six months, or in accordance With the mnanufacturer's general
radioactive 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

7.1. 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

Tetraehloro-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 SectionS8 of the 8000B section of this SOP.

9. QUALITY CONTROL

Refer to Section 9 of the 80008 section of this SOP.

10. CALIBRATION AND STANDARDIZATION

10.1. Refer to Section 10 of the 8000B 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 CC analysis, with the following modifications.

10.2.3. A five point calibration of the Arochlor 101 6/1260 mix is generated with at least mid level single

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

1260 and 101 6, other Arochlors are quantitated from the mid level single point.

10.2 4 The analyst may include a full 5 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 101 6 / 1 260 define the acceptable

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

the extract must be diluted and reanalyzed.

102.6. 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 I10 16 / 1 260 mix



877 759
APPENDIX C SOP No. CORP-GC-000OINC

Revision No: 5.7
ANALYSIS OF PC~s BASED ON METHOD 8082 Revision Date: 10101103

Page C3 of C8

10.2.7. The surrogate calibration curve is calculated from the Aroclor 10 16/1260 mix. Surrogates in the
other calibration standards are used only as retention time markers.

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

10.2.8.1. Multiple peak option

Select 3-la0 major peaks in the analyte pattern. Calculate the response using the total ar ea 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 lo be coeILuting with
contaminaent peaks from the quantitation. (i.e. peaks which are significantly larger than Would be expected
from thle rest of thle pattern.)

10.2.8.2. Total area option

The total area of thecstandar-ds and samnplesmay be used for quantitation of multi-coinponenitanalytes. 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 thie miulti-component pattern in the
samples. The retention itime window for total area measurement must contain at least 90% of the area of the
anlalytc.

10.3. 12 hour Cal ibrat ion

Thle 12 hour calibration verification must be ,analyzed wvithin 12 hours of the start of'1 the initil calibration
and at least once every 12 hours thereafter if samples are being analyzed If there is a break in the
analytical sequence of greater than 12 hours, then a new continuing calibration r'Ln must be analyzed
be fore proceeding with the sequence. If more thivan I 2 hours have elapsed since the inject ion of the last
sample in thle analytical sequence, a new analytical sequence must be started with a 1 2 hour calibration.

10.3.1. At a minimum, thle 12 hour calibration includes analysis of the Arochlor 1 260 / It 016 mix

10 3 2. It is adequateZA to verif'y calibration with a mixture of Aroclors 101 6 and 1260. If a speci tic A roclor is
expeacted, it may be included in the dlaily cali bration check

10.3.3. Thle retention time windows for any analytes included in the daily calibration ,and CCVs are
upd1 a ted.

10.3.4. For this method samples must be bracketed With suIccessful calibration ver ification runs.

10.4. Calibration verification

The Arochlor 1260/1016 calibration nix is analyzed as the calibration verification standard This is
,analyzed after every 20 samples, including matrix spikes, LCS, and method blanks. (IDcpending onl thie
type of sampfles, it may be advisable to analyze verifications more frequently in order to minimize
recrunls.).

10 4.1. A mid level standard is used for the calibration ver ifticat ion

II. PROCEDURE

I IJ. Refer to the methfod 8000B section of this SOP for general procedural requirements.



877 760

APPENDIX C SOP No. CORP-GC-O0OOINC
Revision No: 5.7

ANALYSIS OF PCBs BASED ON METHOD 8082 Revision Date: 10/0 1/03
Page C4 of CS

11.2. Extraction

The extraction procedure is described in SOP No. CORP-OP-OOO1INC.

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-5.

12. DATA ANALYSIS AND CALCULJATIONS

12.1. Identification of Arochlors

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

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

idlentification. 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'sjudgmient the fingerprint (retention time and

peak ratios) resembles the standard chronmatogram.

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

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

12.2. Quantitation of Arochlors

Use 3- 10 major peaks or total area for quantitation

If the analyst believes that a combination of Aroclor 1 254 and 1260, or a combination of 1242, 1248 and

1 232 is present, then only the predominant Arochlor is quantilated 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 Arochior, the total area of the standards and

samples mray 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 presenee.

12.5. Surrogate recovery results arc calcu~lated and reported for decachlorobiphenyl (DCB) and tetrachloro-

m-xylene (TCMX). Corrective action is only necessary if DCB 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. POLLUTION PREVENTION

Referi to section 14 of the 80008 section of this SOP
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IS. WVASTE 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 1I1, December 1996, Method 8082

17. MISCELLANEOUS

17.1. Modifications from 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-I

Reportingv Limit, fig/L or pg/kg __________

Compound water___ soil_ [waste
Aroclor-1016 1.0 33 1000

Aroclor-1232 1.0 33 1000

Arocl'or 1'242 1.0 33 1000

Aroclor-1248 1.0 33 1000

Aroclor-1254 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 I1000 mL I0 mLf

Low-level SoilI 30 g 10 mL

Hi-gh--level soil / waste I g 10 mL.

Table C-2

Parameter ]Recommended Conditions

Injection port temp 220"C
Detector temp 325t C

Temperature program 700C for 0 5mni, 300C/min to I190 0C, 2,5 0C/min to 225, 1 SUC/min to

2800 C, 3 min hold

Column I DR-5 or Rtx-5 30m x 0.32mm id, 0.5pm

Column 2 DB-1701 orRtx 1701 3Gm x 0.32 mm id, O.25pltm

Column 3 DB-608, 30m X 0 32 mmn, 0.25ILM

Injection 1-2pL

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 ng/m L _ _ _ _ _ _

___________________________Level I Level 2 Level 3 Level 4 Level 5 Level 6'

Aroclor 101611260 100 200 500 1000 2000 4000
Aroelor 12422 '____ 500
Aroclor 1221 +1254 2 _____ 500
Aroclor 1232 2 _____ 500

Aroclor 12482_ _ _ _ _ __'_____ 500 _ _ _ _ _ _

Surrogates arc included with all the calibration mixes at the following levels:

Tctrachloro-in-xylcne 5 I0 25 50 100 200
Decaclilorobiphenyl 5 10 25 s0 100 200

Level 6 is optional and should only be used if linearity can be maintained on the instrument to this level.
2 Aroclors may be qitanitated within the range I100 to 2000 ng/mnL (4000ng/mL- ifithe level 6 1016/1260 standard is

included). If the Aroclor is more concentrated, it Must be reanalyzed at a dilution.

Table C-4
[CS/Matrix Spike and Surrogate Spike levels for Aroclor analysis with Acid Cleanup

gg/L or g.g/kg
A uICOuLIs' Soil] waste

Aroclor 1016/1260 10 1333 I10,000
Tetrachloro-nm-xylene (S~ltrrgate) 0.20 6.67 200
Decachloiobhiplhenyl (SUrrIogate) 0.20 6.67 200

Table C-5
NIichigani Analyte List and Reportin g Limits'LReporting Limit

Comp11ound wae g/)soil (pig/Kg)

Aroclot- 1016 0.2 330
Ai nclor- 1 221 0.2 330
Aroclor- 1 232 0.4 330
Aroclor 1242 02 330
Aroclot- 1248 0.2 330
Aroclor- 1254 0.2 330
Aroelor- 1260 0.2 330

Reporting Liminits are only for samples performed Under the Michigan program



877 764
APPENDIX C SOP No. CORP-CC-COOOINC

Revision No: 5.7
ANALYSIS OF PCBs BASED ON METHOD 8082 Revision Date: 10101103

Page CS of CS

Table C-5
Suggested Analytical Sequence

Initial Calibration
Injection 4

I Solvent blank (optional)
2 Aroclor 1016/1260 Level I
3 Aroclor 10 1 6/1260 Level 2
4 Aroclor 101611260 Level 3
5 Aroiclor 10l6/1260 Level 4
6 Aroclor 1016/1260 Level 5
7 Aroelor 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 1016/1260 Level 3

etc

Note: A solvenitblank or primier may beanalyzed at any time cduring the sequence when highly contaminated samples
are expected A solvent blank or primer mnay not be analyzed as routine 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 1260 / 1016 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-000OINC. The herbicides listed in Table DI 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 LI MS method code is QS.

2. SUMMARY OF MEITHOD

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

3 . DEIZINITIONS

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

4. INIETRFERENCES

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

4.2. Chlorinated acids arid phenrols cause the most direct inlterference with this method.

4.3. Sultur may interfere and may be removed by the procedure described in SOP#CORP-OP-OOI NC.

5. SAFElY

5.1. R~efer to sect ion 5 of thie Method 8000B SOP for general safety requiremen~lts.

6. EQUIPIM ENTIANI) SUPPLIES

6.1. Refer to Section 6 of the 8000B section of this SOP. A Ni,3 electron capture detector is required.

6.2. Refer to Table D2 for ,analytical columins,

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

7. R1EAGENTIS AND STANDARI)S

7.1. Refer to section 7 of thie 8000B section of this SOP for general information on reagents and standards.

8. SAMPLE PREPARATIION, PRESERVATION AND STORAGE

Referi to Section 8 of the 80008 section of this SOP.

9. QUALIlY CONTIROL

9.1. Refer to Section 9 of the 800018 section of this SOP for quality control r equiremnents, including the initial
demonstration of capability, delinition of a batch, su~rrogate 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 L-CS and MS mixes.

10. CALIBRATION AND STANDARDIZAT]ION

10.1. Refer to Section Il0of the 8000B 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.

11. PROCEDURE

Ill1. Refer to the method 80OOB section of this SOP for procedural requirements.

11.2. Extraction

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

11.3. (:leanup

The alkaline hydrolysis and subsequent extraction 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.

I1.4. 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 12 hours, then a new

continuing calibration run must be analyzed before proceeding with the sequence. If mnore than 24

hours have elapsed since the injection of ihe last sample in the analytical sequence, a new

analytical sequence must be started with a daily calibration.

I11A.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 800OB section of this SOP for identification and quantitation of single component analytes.

12.2. The herbicides are analyzed as their methyl 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 20p.g/L calibration

standard for 2,4-D contains 2 1.3 aig/L of the methyl ester. No further correction is necessary.
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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 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 lOmL and an aliquot at IOX dilution will be analyzed. The final
extract volume recorded on the laboratory bench sheet will be recorded as lOOmL to avoid using
the dilution factor field in QuantIMS.

13. MEIE'' IOD PERFORMANCE

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

14. POLLUTlION PREVENTION

This method does not contain any specific modifications, that serve to minimirize or prevent pollution

IS5. WASTE MANAGEMENT'

Waste generated in this procedure will be segregated and disposed ,according to the facility hazardous
Waste pi ocetltres. The lEnvi ronmnental IH-ealthl and Safely Director should be contacted if additional
in or mat ion is req aired,

16. REFERENCE-S

Method 1 5 1A, SW-846, Update ffl, December 1996

1 7. MISCELL~ANLOUJS

17.1 Mod(1 Tat ions from Reference Method

Refer to the method 8000B3 section of this SOP for modifications from the reference method

17.2. Modifications from Previous Revision

The calibration procedure has been changed to require esteri fication of the calibration standards
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17.3. Tables

Table D-I

Standard Analyte list

Copud GAS Number Reporting Limit, pg/L or ug/kg 2______

______________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 1 20 1000

2,4,5-T 93-76-5 1 20o 1000

Dalapon 75-99-0 2 40 2000

Dicamba 1918-00-9 2 40 2000

Dichloroprop 120-36-5 4 80 40

Dinoseb 88857 6 2 600

MCPA 94-74- 40800 4LO00,000

MCPP ~~~~~~~ ~~93-65-2 400 8000 400,000

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

Ex~traction Vol. Final Vol. Dilution Factor

Ground water lOO0nmL l0mL 20

Low-level Soil without GPC 50 g lO 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 may 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.

PARAMETER Recommended conditions

Detectio ort temp .20C

Temperature program 80,2/30/I170,0/I/Il8,1

-Column I DB-5MS or RTX 5 30x0.32,0O5umn

Column 2 DB-1701 orRtx-1701

Injection 1-2 L

Carrier gas Helium / Hydrogen

Make up gas Ntoe

Recommended conditions should result in resolution of all anialytes listed in Table D- 1.

The reporting limits listed in Table D-I will be achieved with these calibration levels and a 20 fold dilution of the

sample extract Lower reportiniglimnits can be achieved with lesser diluitions of the samnple extract.
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Table D-3
[CS/Matrix Spike and Surrogate Spike levels gg/L or gg/k______

Aqueous Soil Waste
2,4-D 16 800 16000
Silvex 4 200 4000
2,4,5-T 4 200 4000
2,4-DB 16 800 16000
Da lapon 8 400 8000

DCAA (surrogate) ~~~~~~~16 800 16000

'LCS, MSand SS spikes are as the li-ce 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 814 1 A. Table

ElI 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 arc 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 (CC) and compounds in the effluent

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

CORP-OP-0001NC. Ultrasonic Extraction (Method 3550) is NOT an appropriate sample preparation for

Method 8141 and should not be used becatise ofthe potential for destruction of target analytes during

the ultrasonic extraction process.

3. DEFINITIONS

Refer to the STL 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 20 t C,and recovery is poor from aqueous

solution.

4.2.2. Naled is converted to Dichlorvos (DDVP) on column by debrontination. This reaction may also

occur during sample workup.

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

flichiorvos (DDVP) and hydrochloric acid. If this mrethod is to be used for the determination of

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

rearrangement to Dichlorvos to prevent mnisidentification.

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

Chromatographic analysis of Merphos almfost always results in two peaks.

5. SAFETY

5.1. Refer to Section 5 of the Method 800GB3 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 E2 for Instrutment settings.

6.3. Mierosyringes, 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 reagents and standards,

7.2. Refer to Table 13-3 for details, of calibration and other standards.

7.3. SlArrogate Standards

Triphenlyl phosphate is the surrogate standard. Refer to Table E-4 for details of the surrogate standard.

8. SAMPLE PREPARATIION, PRESERVATION AND STORAGE

Refecr to section 8 of the 8000B section of this SOP.

9. QUALITY CONTIROL

9.1. Refier to Section 9 of the 8000B section of this SOP for qttalty control t eqitirmentllS. inclutding the initial
deimnstra1iion01 of capability. delinition of a battch, surrogate limits, method blanks, laboratory control
samples (LCS), and matrix spikes (MS5).

9.2. Refer to Table 1E-4 For the components and levels of the LCS and MS mixes.

I I). CALIBRATIION AND) STANDARDIZATrION

0.1. Referi to Section I10 of the 8000B section of this SOP for general calhib ation requirements.

10.2. Calibration standards are made tip fromt purchased so at ions. Table 13-3 lists the calibration levels.

10.3. The low level standard must be at or be low the laboratory reporting tinnit. Otheri standards are chosen to
bracket the expected range of concentrations foutnd inl saMPles, withoLut sati rating the detector or
leading to excessive carryover.

II. PROCED)URE

11.1. Refer to the method 800GB section of this SOP for procedural requirements.

11.2, Extraction

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

1 1.3. C leantip

1 1.4. Anal yticalI Sequence

The analytiteal seqitence starts with an initial calibration of at least rive points, or a daily cali brat ion that
meets % difference criteria from an existing initial caltbration.
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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 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 1 2 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 80008 section of this SOP for identification and quantitation of single component analytes.

12.2. Surrogate recovery results are calculated and reported for Triphenylphosphate unless it is determined
that sample interference has adversely affected the qtiantitation 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

13.1 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

14. POLLUTION PREVENTION

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

I1S. 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 111, December 1996, Method 8141A.

17. MISCELLANEOUS

17.1. Reporting limits

17 1.1 The lower standard reporting limits are listed in Table E-l

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 cofthe FPD detector contributes to high dilutions forMethod 8l41A. There is a
phenomenon known as quenching that occurs This happens when light absorption occurs
in the flamne of the FPD due to hydrocrarhons, 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. Elution time

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

17.3. Troubleshooting guide

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

Table El: Organiopliosphorus Pesticides Routinely Analyzed and Reporting Limits

Compound CAS Number Reporting Limits
Water, pg/L Solid, pg/kg

Azinphos methyl 86-50-0 1.0 33
Boistar (Suprofos) 35400-43-2 1.0 33
Chlorpyrifibs 2921-88-2 1.0 33
COUrnaphos 56-72-4 I . 33
Demeton, 0 and S 8065-48-3 I .0 33
Diazinon 333-41-5 1.0 33
D ichlorvos 62-73-7 1.0 33
Distillfbton 298-04-4 1.0 33
lEthoprop 13 194-48-4 1.0 33
Fensullbthlion 115-90-2 1.0 33
Fenthion 55-3 8-9 1.0 33
Malathion 121-75-5 1.0 33
Merphos 150-50-5 1.0 33
Methyl Parathion 298-00-0 1.0 33
Mevinlphos 7786-34-7 I .0 33
Nalad 300-76-5 1.0 33
Phorate 298-02-2 1.0 33
Ronnel 299-84-3 1.0 33
Stirophos 22248-79-9 1.0 33
Tokltli~lho 34643-46-4 1.0 33
Trichloronatc 327-98-0 1.0 33
0,0,0-Tricentyl phosphForothioate 126-68-1 1.0 33
Th~ionazin 297-97-2 1.0 33
Sul Ibtepp 3689-24-5 1.0 33
Dimethoate 60-5 1-5 1.0 33
Parathion 56-38-2 11.0 33
Earn hUr 52-85-7 1.0 33
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Table E2: Insfitrmental Conditions

PARAMETER Recommended conditions

Injection port temp 175 0C

Detector temp 2300C

Initial temp I135 0C

Temperature program (A) 5'C/minute (B) 20 0C/minute

Final Temp (A) 2450C (B) 295"C

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

Column I RTX-OPP, 30 meter, 0.32 mmn, 0.5 pmn film

Column 2 RTX-l, 30 meter, 0.32 min, 0 5 pm film

injection 1-2pL

ECagier gas Helium / Hydrogen
Makeup gtas Nitrogen
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Table E3 Initial Calibration Concentrations (ng/uL)

COMPOUND LEVELI LEVEL2 LEVEL3 LEVEL4 LEVELS EE6 LVL
o,o,o-Triethylp- 0.2 0.5 1 2 5 1 0 20
hosphate
Dichlorvos 0.2 0.5 1 2 5 1 0 20
M~evinphos 0.2 0.5 1 2 5 1 0 20
Thionazin 0.2 0.5 I 2 5 1 0 20
Ethoprop 0.2 0.5 I 2 5 10 20
Naled 0.2 0.5 I 2 5 10 20
Sulfotcpp 0.2 0.5 I 2 5 10 20
Phorate 0.2 0.5 I 2 5 10 20
Denietorn 0.2 0.5 I 2 5 10 20
Diinethoate 0.2 0.5 1 2 5 10 20
Diazinoin 0.2 0.5 1 2 5 10 20
Disullfoton 0.2 0.5 I 2 5 10 20
Methyl Parathion 0.2 0.5 I 2 5 10 20
Rounne 0.2 0.5 I 2 5 10 20
Fenthion 0.2 0.5 I 2 5 10 20
Chlorpyrolos 0.2 0.5 1 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 020.5 I 2 5 10 20
Merphos 02 0.5 I 2 5 10 20
Stirophos 0.2 0.5 1 2 5 10 20
TokUthion 0.2 0.5 I 2 5 10 20
Fensulfolhion 0.2 0_~ ..5 I 2 5 10 20
Bolstar 0.2 0.5 I 2 5 10 20
Farnphur 0.2 0.5 1 1 2 5 10 20

,Azinphos methyl 0.2 0.5 I 2 5 10 20
CoUrnaphos 0.2 0.5 I 2 5 10 20

'Fable E4: [,CS/Matrix Spike and Surrogate Spike Compounds - 26 ug/mL

Compound Compound
Thinazin SUlfotepp
Phocrate Disulfoton
Mothyl Parathion Parathion
Famp)hUr 0,0,0-Triethyllphosphate
Diniethoatc Triphenyl phosphate - SUrrogate
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I. Scope and Application

II . This method is applicable to the determination of the concentration and tentative identification of

petroleum hydrocarbon mixes in waters, wastewaters, soils, and sludges.

12. This SOP is based on SW-846 Method 80158, Modified, Revision 3, December 1996.

1.3. The associated LIMS method codes are HS (8015 MOD) and KI (801 5B).

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 aliquot of the prepared sample is injected into a gas chromatograph (GC) and compounds in the

effluent are detected by a flame ionization detector (FID)

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

3. Definitions

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

4. INTERFERENCES

4. 1. 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 8000B SOP for general safety requirements.

6. EQUIPMENT AND SUPPLIES

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

7 2. The petroleum hydrocarbons are purchased from a chemical supplier when available When no

chemical supplier is Uavailable, the fuels are purchased from public sources.

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

8. SAMPLE PREPARATION, PRESERVATION AND STORAGE

8.1. Refer to SectionS8 of the SO00B 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
Srirrogate, the C9 surrogate recoveries are advisory. Re-extraction due to surrogate recoveries is
determined by analIystj jidgeminen t.

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

I0 CALIBRATION AND STANI)ARDIZATION

10.1. Recommended Instrument Conditions

10.1.1. -lydrogen carrier gas - flow rate 5 - 6 mL/min

10.1.2. Detector gas mixture - air hydrogen mixture in a I10:1I ratio, air 80 - 120 nil/hmi, hydrogen 8 -12
m11hlimn

10.1 3. Temperature Program - refer to Appendix

10.1 4 Injectione volume - Ipl

10.2. Initial Calibration

10.2.1. Analyze a Five point Diesel calibration standard referring to the recommended instrument
conditions The calibration concentrations are 100, 200, 500, 1000, and 2000 rig/ul- A 5OO0ng/ul-
standardI may be analyzed ifineeded The retentfion ti me window of Cl0-C32 shall be used for the
Diesel calibration.

102.2. For Ohio VAP and BUSTR calibrations, analyze a five point calibration for the carbon range Cdo-
C20. The concentrations arc 60, 120, 240, 600 and 1200 ug/niL. Analyze a five point of the carbon
range C20-C34 The concentration ranges are 80, 160, 320, 800, and 1600 ug/m1L.

10.3. Continuing Calibration

10.3.1. Refer to Section I10 ofthe 8000B section ofthis SOP for general calibration requirements

IL. PROCEIDURE

11.1. Refer to the method 8000B section or this SOP for procedural requirements.

11.2 Extraction

The extraction procedure is described in SOP #CORP-OP-000INC.
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11t.3. Cleanup

11.4. Analytical Sequence -Refer to Section I I in the 8OOOB Section of this SOP.

11.5. Petroleum Hydrocarbon Identification and/or Fingerprinting

11.5.1 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 arc quantified against diesel, but fingerprinting may be done when client requested.

11.5.2. Positive matching may noi 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 cal ibration 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.

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

appropriate dilution is performied before reanalysis

12. DATA ANALYSIS AND CALCULATIONS

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

12 2. Surrogate recovery results are calculated and reported for Nonane (C-9) unless it is determined that

sample interference has adversely affected the qluantitation of one of the surrogates. Tile Surrogate

mnust be within QC criteria. Corrective action is only necessar-yifNonane (C-9) is 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 I of the main body of this SOP.

14. POLLUTION PREVENTION

Refer to section 14 of the 80008 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 80151B, Nonthalogenated 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 400C
Initial Hold Time 4 minutes

-Temperature Programn I 00C&minute
Final Temnperature 280 0C
Final Hold Tim e 10 minutes

Table FZ2: Reporting Limits for TPHT Analysis

I ~~~~~~~Reportin Limits ________

Analyte Water Qag/L) Solids (mrg/kg) Waste Dilution

TPH (as Diesel) or DRO 100 3.3 200
C IO-C20 (OVAP & I3USTR) 60 2.0 _ ____

C20-C34 (OVAP' & B3USTR) J80 2.3
FingerprintCompounds' ________________

Mineral Spirits Kerosene JMotor Oil
Hydraulfic Oil ~Jet Fulelj Stoddard Solvent

DRO Spiking Solution ______________

Decane Dodecane -Tctradecane
1-lexadecane Octobecane Eicosane
Docosane Tetracosanc Hlexacosarne
Octacosane

IThis list represents most of the common petroleum hydrocarbons. The list may be expanded to
Sinlde other petroleum~ hydrocarbons.
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I. 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 LIMsimethod codesare J7 (GC/FID 8015) andQUJ(Semivolatile Organics, 8015B). The

preparation code is 88.

2. Summary of Method

2 1 This method provides gas chromatographie conditions for the detection of various nonhalogenated

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

flame ionization detector (FID).

3. Definitions

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

4. INTERFERENCES

4.1. 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 80008 SOP for general safety requirements.

6. EQUIPMENT AND SUPPLIES

6 I Refer to Section 6 of the 800GB section of this SOP

6 2. Recommended Columns

6. I. RIX Stabilwax, fused silica, 60 in x 0.53, 0.5 amn film thickness, or equivalent column.

6.2.2. Stabilwax-DA, fused silica, 60 in x 0,32, 0.5 uam film thickness, or equivalent column,

6 3. Detectors: Flame ionization (FID)

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

7. REAGENTS AND STANDARDS

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

7.1.1. Reagent water

7.2. Standards
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7.2.1. Refer to Table G2.

H. SAMPLE PREPARATION, PRESERVATION AND STORAGE

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

9. QUALnTY CONTROL

9.1. Refer to Section 9 of the 80008 section of this SOP for quality control requirements, including the initial
demronstration of calpability, definition of a batch, surrogate limits, method blanks, laboratory control
samples (LCS), and matrix spikes (MS5).

I1I. CALIBRATION AND STANI)ARDIZATION

10,1. Recommended Instrument Conditions

10.1.1. Thie followingeconditions are recomimendied. The following table lists specific informai~tion for
various com1pouands.

10.1.2. R~TX- Stahibiwax and Stabi Ivax-DA Columins:

Carrier Gas: Hydrogen
Initial Temp: 45 "C
Initial Hold: 3 imins
Ramp Rate A: 5 't/mlin
Ramp Rate B3: 30 TC/mm
Final Hold A: 0 mml
Final Hold B3: 3 mins
Analysis Time: 17.83 mnins
Injector Temp: 275T"
F ID Temp: 300 "C
Injection Vol: I p

10 2. Initial Calibration

1(1.2.1 For each non-halogenated organic compound and surrogate standard, analyze five or more
calibration standards referring to thle recommended GC conditions in Section 10.1I, One of the
standards analyzed should be at or near the concentration which corresponds to the calibration
range.

10.~2.2. Refer to Section I10 of thle 8000B section of this SOP for general calibration requirements.

ILI PROCED)URE

11. I. Refer to thie method 80OOB section of this SOP for procedural reqUierements.

I1.2. Sam p11 I P epa ration S~it m aly

112 I Samples received fall into three general 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 a concentration Of 1 00 mg/L.

11.3.2. Sediments/soils and waste

11 3.2.1. 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 mL of reagent water. Add surrogate standard Cap the vial and vortex to mix

for two minutes.

I11.3.2.3. 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 1. Preliminary Evaluation

II 4 I.L. 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

chromatogranms

11.4 2 Analytical Sequence - Refer to Section I I in the 8000B Section of this SOP.

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

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

11.5. Analytical Documentation

11.5 1. Record all analytical information in the analytical logbook/logshieet, 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 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.

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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l3. METHOD PERFORMANCE

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

14. POLLUTION PREVENTION

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

IS. WASTIE 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 8015B, Nonhlalogenated Organics Using GC/FID, Test Methods for Evahlfaing Solid
Waste. Third Edition, USEPA

17. MiscellaneouIs (Tablehis, Appendices, Etc...)

Table GI Non-halogenated Organic Compounds, Reporting Limits'

Reporting Limits

C111ompond CAS Number

Water, Solid, mg/kg
__________________________________ mg/L

2-Methoxyalianol 109-86-4 1.0 1.0

Methanol 67-56-1 1.0 0.5

Isopropyl alcohol 67-63-0 1.0 0.5

Il-Propyl alcohol 71-23-8 1.0 0.5

Ethanol 64-I17-5 I .0 0.5

ri-BLutanol 71-36-3 1.0 0.5

1,4-Dioxane 1 23-91-1 1.0 0.5

Ethylene oxide 1 75-2 I -8 I .0 0.5

iso-BLItanol 78-83-1 1.0 0.5

If'samrples require (diin on or sina]ICIr Volumes than spec i ied in this method, the R L will be elevated.
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Table G2 Non-halogenated Organic Compounds Working Standards

COMPOUND LEVELI LEVEL2 LEVEL3 LEVELA LEVEL5 LEVEL 6

2-eb-ytanl1- . - -10. -00 5.

2Mehyethanol 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 50.0

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

1n-DButano 1.0 2.0 5.0 10.0 20.0 50.0

Eth4-Dieoxine 1.0 2.0 5.0 10.0 20.0 50.0

iso-Butanol 1.0 2.0 15.0 10.0 20.0 50.0
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I. Scope and Application

I.E1. This method is applicable to the determination of the concentration of Sulfoalane and N-Methyl-2-
pyrrolidone in water and solid samples. It is based on SW846 Method 80158. The working linear range
is 50to 1000 ag/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 of mg/L levels of Phillips 66
com1pou~nds in water. Prior to use of this method, appropriate sample extraction techniques must be
i's cd.

3. Definitions

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

4. IN'IKERFERENCES

4.1. Refer to the method 800013 section of this SOP for general information regarding chromatographic
Inter ferenices

5. SAlF LI'Y

5.1. Re fey to sect on 5 of thie Me thou 8000 B SO P for general safety requirements,

5.2. The he alIth andl safety hazards of many of the chemicals used in this procedure have not been fitlIly
defined, Additional health and safiety information can be obtained from the Matem ial Safecty Data Sheets
(MSDS) maintained in the laboraiory. The following specific hazards are known

5,2.1. Chemicals that have been classified as carcinogens, or potential carcinogens,utnder OSHA
inc I ide: Methlvene Chloride.

6. EQUII'MENT AND SUPPLIES

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

6.2. Gas Chronmatograpli

6.2.1I. Gas Chromiatograph: Modified to accept capillary columns

6,2.2. Data System: Capable of peak integration

6.2.3. Gas Chromatogi-aphic Column: 30 mn x 0 32 mmi ID RTX-5 Fused silica capilIlary colmni

6.2.4. Anto0sam1pler: Capable of reproducible injections

6.2 5 Car HiCr GaS: II ydrogen

6.2 6 Detector: Flame ionization (FID)
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6.3. Volumetric Flasks: 10, 50, and 100 mL

6.4. Microsyringe: 10 pl-

6.5. Pipettes: Disposable pL, Pasteur

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

7. REAGENTS AND STANDARDS

71. Refer to Section 7 of the 8000B 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

8.1. Refer to SectionS8 of the 8000B section of this SOP.

9. QUALITY CONTROL

9.1 Refer to Section 9 of the 800GB 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 matnix 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 800083 section of this SOP for general calibration requirements.

11. PROCEDURE

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

11.2. Sample Analysis

11.2 I . Summary

11 2.1.1. The sample extract is injected onto the GC column The compounds are then identified and

quantitated.

11 2 2 Recommended Instrument Conditions
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11.2.2.1. GC Conditions

Initial Temperature: 450C
Initial Hold Time: 4 minutes
Temperature Program: I150C/minute
Final Temperature: 300'C, hold 2 minutes
Final Time: 23 minutes
Carrier Gas: Hydrogen
Injection Volume: I pl-

11.2.3. Sample Analysis Procedure

11.2.3.1. Prefirrinainy EvalUation

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

11.2.4. I njectl I il, of Ihle sample extract or diluited sample into the GC using thiesamne co mlit ions as those
Used in calibration.

1 1.2.5. Identification

1 1.2.5.1. Analytes of interest are identified by comrparing retention nties with knowvn standards.

11.2.5.2. A Single co uInB1 is used for identiftication.

1 1.2.6. Sample Quantification

1 1.2.6.1. Refer to Section I I in the 8000B Section of this SOP

1 1.3. Anialytical Documnentation

1 1.3.1. Record all analytical information in the analytical logbook/logslcet(, including the analytical data
irorn standards, blanks, LCSs, MS/MS Os, and any corrective actions or modifications to the
net iod.

1 1.3.2. All standards are logged into a department standard logbook All standards arc assigned a uiinIque
nnimbe)r for identification. Logbooks are reviewed by the supervisor or designee

11.3.3 Documentation such as all aissociated instrument prinoutWs (ti nal runs, screcens, reruins, QC
samples, etc.) and daily Cali brat ion (lata corresponding to all final runs is available for each data tile.

1 2. D)ATA ANALYSIS AND) CALCULATIIONS

1 2.1. Refer to the 800013 section of this SOP for identification and qUantitation of single component analytes.
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13. METHOD PERFORMANCE

13.]. 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 I. 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 he contacted if additional

information is required.

16. REFERENCES

16.1. SW846, Method 8015B, Nonhalogenated Organics Using GC/FID, Test Methods for Evaluating Solid
Waste, Third Edition, USEPA

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

17.1. Reporting limits

171.1. The lowerrepor-tinglimiits are shown in TableHI-I

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

elevx'ated.

TABLE HI
PHILLIPS 66 REPORTING LIMITS

Compound I Reporting Limits, g±g/L

Tetramethylene sulfone (Sulfolane) 50
N-Methyl-2-pyrrolidone 50
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1 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 (GC) and Gas Chromatography I 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.

1. 1. Extraction procedures for the following determinative methods are covered:

80S1A, 8082, 8141A, 8151B3, 82'70C, 8310, 8015B3, 8100, 608, 610, and 625

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

1.3. Other extraction procedures (PFE, SPE, accelerated Soxhiet, 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), SG (8310), DM (608), VT (610), DP (625), Al

(8100), HS (8015B)

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 nmethylene chloride using a separatory
funnel.

2.2.Continuous Liquid/Liquid Extraction

A measured volume of sample, typically I 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 are 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 uinder conditions of the analysis by
runaning laboratory method blanks as described in the Quality Control section.
Specific selection of reagents may be required to avoid introduction of
eoranutamriLmnt.

4.2. Visu~al inteIC-rfeeces or anomalies (su~ch as foamning, emulsions, odor, etc.) must
be documented.

5. SAFETY

5. 1. Employees must abide by the policies and procedures 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 immnediately. Viton gloves may be worn
when halogenated solvents are used for extractions or sample preparation. Nitrite
gloves may be used when other solvents are handled. [Note: VITON is readily
dlegraded by acetone]. When good manual dexterity is needed, for example,
when handling small 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 i mmersi oi.

5.3. The fbllowing analytes have been tentatively classified as known or Suspected,
hum111an or manunal ian carcinogens: benzo(a)anthracene, benizidine,
3,3dichlorobenzindine, benzo(a)pyrene, alphia-BFIC, beta-BHC, gaimma-BHIC,
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delta-BHC, dibenz(a,h)anthracene, N-nitrosodimethylamine, 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 are major changes to the MSDS.

Material Hazards Exposure Signs and symptoms of exposure

(________ 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 burns. Liquid degreases the skin. May

be absorbed through skin.

Sodium Corrosive 2 ppm, This material will cause burns if comes into
Hydroxide Poison 5 mg/rn 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 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.

Sulfuric Corrosive 1 mg/rn This material will cause burns if comes into

Acid (1) 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 burns. Can cause

_____ _____ _____ _____ _____ ____ blindness.
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Acetone Flammable 1000 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 50 p- Inhalation of vapors irritates the respiratory tract.
Hlexanc Irritant TWA Overexposure may cause lighitheadedness, nausea,

headache, and blurred vision. Vapors may cause

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

5.5. E~xposure to hazardous 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 mecans
ofnmechlanical 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 inethylerne chloride will be conducted inl a fumec hood
with the sash closed as far as the operations will permit. Use of methylene
chloride for glassware cleaning Should be avoided as far as possible. Ifi more thian
500 rill ofivMethylene chloride is spilled, evacuate the area until the area has been
cleaned by EH-&S.

5.7. All work mu1Lst 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 RD apparatus may superheat and
create an explosion or fire hazard. The KD apparatus and glass separatory
funnels have ground glass joints which can become stuck. Technicians must use
Kevlar or other cut/puncture resistant gloves when separating Stuck joints.
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5.9. 3 51 0 Separatory Funnel

5.9.1. The use ofseparatory 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.

5.10.3520 Extraction Cont Liq/Liq

5.10.1. All personnel are to ensure 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 4000 C 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

rEQUIPMENT AND SUPPLIES Spfn CL oi Sx Cu

Separatory Funnel: 2 L
Separatory Funnel Rack4

Balance: >1400 g capacity, accurate ±1I g44
pH indicator paper, wide-range covers extraction p1-I4

Graduated cylinder: I liter. (other sizes may be used)44

Erlcnmeycr Flask or Fleaker: 125 & 300 ninL (other sizes optional)44

Centrifuge4
Auto-Shaker4
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EQUIPMENT AND SUPPLIES Sep fuin CLLE Soni Sox Conec
Methylene Chloride Collection Tank V
Solvent Dispenser Pump or 100 mL Graduated Cylinder V
Continuous Liquid/Liquid ExtractorV
Round or flat Bottom: 250, 500 mL or I L
Boiling Chips Conitaminiant free, approximately 10/40 meshVV V
(Teflon®D PTFE, carbide or equivalent).
Cooling CondensersVV
Heating Mantle: Rheostat controlledVV
Auto-timecr for heating mantleVV
Beakers: 250 & 400 il,, graduatedV
450nl- wide-mouth glass jarsV
Balance: >1 00 g capacity, accurate ±0.1I gV V
Soxhlct Extractor ____

Cellulose and Glass ThimblesV
Accelerated Soxhiet Extractor (Soxthermn-trade namne)V
Sonicator (at least 300 watts)V
Son icato r hJorn, 3/4 inchV
K uderrna- Danish (K- D) Apparatus: 500 iallV

Concenltrator Tube: 10 il-,,attailchdto K- DwithiclipsV
Snlyder Cot1.1111:1 lire-balli macroV
Water Bath: lIIcatel. with conicentricrinig cover, capable ofV
teliilpertu~l~rcconitrol t±5 0C) Up to 950C. The bathimust betused in a
hood or Withi a solvcnt r-ccovci y systcni

Turbo yap 11
Turbo Vap TuLbe: 200mL capacity
Vials: Glass, 2 ml-. 4 nmL, and I10 ml- capacity withiTeflon®R-linecdV
scicw-cat1 )
Nitrogen Blowdown ApparaftusV
Nitrogen: I agenr grade.V

CtLtirre- tubes: 101 ml-, 16 minix lIt mm ra
Syringe: I mln V V
Phase Separation PaperVV V V
Glass WoolVV V V
Glass Funnel: 75 X 75 nmm
Disposable PipetsVV V V V
Al.tm1inlUni f'oilVV V V V
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6.3. Equipment and Supplies for Cleanup Procedures

EQUIPMENT AND SUPPLIES GC Florisil Sulfur Acid AMB FC

Gel permeation chromatography System (J2 Scientific Accuprep4
System)
Bio Beads: (S-X3) -200-400 mesh, 70 gm (Bio-Rad Laboratories, 4
Richmond. CA, Catalog 152-2750 or equivalent).

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

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

Strip chart recorder, recording integrator, or laboratory data4
System.
Syringe: 1 0 mL with Luerlok fitting.4

Syringe filter assembly, with disposable 5 tim filter discs, Millipore4

No. LSWP 01 300 or equivalent.

Chromatographic column: 250 mm long x 10 mm ID; wvith Pyrex4
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 phthalates and sample extracts

Vacuum trap made from a 500 mL sidearm flask fitted with a one-4

holc stopper and glass tubing

Vacuum pressure gauge.4

Rack for holding 10 mLt volu1metric flasks in the manifold.4

Mechanical shaker or mixer: Vortcx Genie or cquivalent.4 4
Separatory Funnels with Ground-Glass Stoppcrs- 250 ml-4

Erlenmeyer Flasks: 125 mL ______ ___4

Disposable Pipets 44 4 4 V

'7. REAGENTS AND STANDARDS

7. 1. Reagents for Extraction Procedures

All reag~ents must be ACS reagent grade or better unless otherwise spcfed.

REAGENTS ISep tin, CLE Sn ox Corc

Sodium hydroxide (NaOH), Pellets: Reagent Grade44

Sodium hydroxide solution, IO N: Dissolve 40ogof Na~l- in 44
reagent water and dilute to I100 mL.

Sulfuric acid (EL,S04), Concentrated. Reagent Grade44

Sulfuric acid (1 :1I): Carefully add 500 mL of H-2S04 to 500 mL of

1reagent water. Mix well.
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REAGENTS Sep funl CLILE ISon, Sox Cn
Hydrochloric Acid (HCI)
Organic free reagent water. 4
Sodium sulfate (Na 2SO4), Granular, Anhydrous: Purify by heating 4 4 4 4 -
at 4000 C a mininmumrr of two hours.
Extraction/Exchange Solvents: Methylene chloride, hexanec, 44 4 4 4
acetonitr ile, acetone, pesticide quality or equivalent
Acetone: Used for cleaning44 4 4 4
7.2. Reagents flor Cleanup Procedures

REAGENTS GPC Ftotasil Suu Aci A/B FC
Florisil :500 mng or I g cartridges with stainless steel or Teflon thits4
(calalog 694-3 13, Analytichern, 24201 Frampton Ave., Harbor City,
CA, or e uivalent.)
Mercury: triple distilled4
Tetrabutlylammulouiniu hydrogen Sulfate4
Sodiumi sul~fite
Tetrabutylamn-ium11il11 (TBA) sil fite reagent: Prepare reagent4
by dissolving 3.39 g ol letraibutylamn~lionituml hydrogen Sulfate inl 100
n il organic- free reagent water. Extract ti is solution 3 timecs with 20 niL
portions ol hexane. Discard thle hlexane extracts. Add 25 g sodium
stilfite to the water so[lutionl.

2-Propanol4
Nitric acid: IN4
Copper powder: remove oxides (ifplowder is dark) by treating with4
I N n iti c acid, rinse with organic-free i agent water to remove all traces
of acid, rinse wit Ilacetone and di(Iry under a streami ofinitrogent.
SLuIIIfulriC acid, Concentrated4

Sodium hydroxide, Pellets4
Sodium11 hydroxide, [ON: Dissolve 40 g of NaOI- in 100 nLl of4
reagent walci
Sil furie acid (H2S04), Concentrated: Reagent Grade4
Sn liiiri c acid ( I: I): Carefully add St) nml- Of H2S04 to 500 nmL of4
reagent water. Mix well.
Fluoroca~rbon: PE-5080, 3M

7.3. Standards

7.3. 1 Stock Standards
Stock standards are purchased as certified Solutions or prepared fromn neats.
Semnivolatile stock standards are stored at < 60)C. All stock standards inust
be protected fromt light. Stock standard solutions Must be replaced after
one year (from the timei of preparation, iffprepared in houLse, or fromt theC
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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.Surrogatc 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 - prcpare or purchase a solution in methylenec

chloride that contains the following analytes in the concentrations listed

below:

Analyte Jrmg/ml-
Corn Oil 25.0
Bis (2-ethylhexyl) phthalate 1.0

Methoxychlor 0.2

Perylene 0.02

Sulfur 00

NOTE: Sulfur is not very soluble in methylene 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 volumetric

flask with methylene 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 tirne.

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 uIP to 20 samples that are of the same matrix and
are processed together using the same procedures and reagents. The
batch Must contain a method blank, an 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 clienits specify specific samples for MS/MSD, the batch may
contain muILltiple MS/MSD. See policy QA-003 for further definition
of the batch.

9.2. Dc fin ition ofimatrix

9.2.1. The possible matrix types are 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 ofa 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)
are not included in the 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 steps.

9.5.4. TCLP method blanks use 250 mL of leachate fluid (1 00 mal for
herbicides) spiked with the surrogates. The leachate may optionally be

diluted to 1000 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 thc 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 detennining
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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 detailIs of QC and corrective action guidelines arc presented in
the STL North Canton QC Program document (QA-003). Refer to this
document i f in doubt regarding corrective actions.

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

gastight syringe that is manufactured to a certified Volume delivery tolerance of
+0.01 niL (lml- total volume). The "standard" autovial is sealed and the top aind
bottom of the meniscus are marked. The autovials containing the sample extracts
are then compared against the "standard" vial to ensure that the final voIlume1 is
consistently 1.0 ± 0.01 rnL. If a new box of autovials are used, then the steps arc
repeated to further ensure that variations due to vial size and shape are minimaized.
A log is kept of the lot number of the vials and the day the vials were prepared.

10.2. Refer to section I11. 15. for calibration of thle 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 (I11.5), soxhlet extraction (I11.6),

accelerated soxhlet ( 11.7), waste dilution (1 1.8), extract concentration (1 1.9), and

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

I11. I. 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 supervisor 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.

1 1.2. 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 bcnchshieet if there is any
discrepancy.

11.2.2. The normal sample volume 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 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 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 separatory funnel.

Reweigh the container. Assume a density of I g/mL and record the

difference as the sample volume on the benclhshcet to the nearest milliliter.

Note: Aqueous samples must be determined volumetrically for Ohio VAP

samples.

Warning: Dichloromethane 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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1 1.2.3.1 If 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 meniseus 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.

1 1.2.5. Use 250 ml- of leachate for TCLP pesticides and TCLP sernivolatiles,
me~asured in a graduated cylinder. An alternative method Would be to tare
400m1 beaker on the balance and then add 250g to the beaker. Assumne a
density of' Ig/il- and record the Volume on the benchshect. Thle Ieachate
may be made lip to I L in volume with reagent water.

11.2.6. For a TCLP miethiod blanik,LCS anidLCSDu~pimeasure 250 inLof thle
buffer soIlution used in the leaching procedure and transfer to the separatory
fuLnnel. Add 60 nil- of methylerne chloride to the separatory funnel. The
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
miniinun amount of 1:1I H2S0 4 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 benechsheet. 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: Dichloromenthiane creates excessive pressure very rapidly!
Therefore, initial venting should be done immediately after the separatory
funnel has been sealed and inverted. Vent into hood away from analysts
and other samples.

I 1 .2.9. Al low the organic layer to separate fromt the water phase until Complete
visible scpai-ation has been achieved (approximately I10 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,

centrifugation, 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 dscsribed 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 mnL of methylene chloride is expected to dissolve in I 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.

I 1.2. 10O.Fil a funnel with 10-20 g of anhydrous sodiumn 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 IRepeat the extraction process two more times using fresh 60 nl_ portions
of solvent, combining the three solvent extracts in the collection container.

I 1.2.12.11f extraction at a secondary pH is required, adjust the pH of the sample in

the separatory funnel to the pH indicated in Table I with a minimum

amount of IO N NaOH- or 1:1I H2504. Measure with pH paper and record

the adjusted pH on the benchshect. Serially extract with three 60 mL

portions of methylene chloride, as outlined in Steps 1 1.2.7 to 1 1.2.9.

Collect these three extracts in the samne container used for the previous
fraction.

I1l.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.

Il1.2.14.Dispose of solvent and water remaining in the extractor into the

appropriate waste container.

1 1.2.1 5.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

11.3.1. Extraction personnel must first determine if one liter of sample exists in
the sample bottle.

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

11.3.3. Add 225 nall 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 p1l1 of the sample and adjust, if necessary, using 1: I H2S04 or
ION sodium hydroxide. Quantitatively transfer the sample from the
sample bottle to the extractor. *Rinse the sample bottlc with 60-mi of
miethylcnc chloride. Pour the rinsatc from the sample bottle into thle continuous
extractor.

1 1.3.5. AdjuLst thle Volume of solvent in the boiling flask by adding reagent watet
to the extractor, if necessary.

1 1.3.6. Next, lill the sample bottle to the mark with reagent water. Pour thle
reagent water into a graduated cylinder. Measure the reagent water to ± 10
nil and document this sample volume onl the extraction bcnchshecet.

11.3.7. Add thle appropriate volume of surrogate to each sample and spiking
Solutions to thle MS, MSD, LCS, and/or LCSD in the extractor and miux
well.

11.3.8. Extract saniples for 12 hours. 8270 extractions will still be performed in
two plIl extraction steps. Each step will run 6 hours, however, where
timing is a Ibctor thle samples may be left to extract flor longer than 1 2 hours.

1 1.3.9. Turn stopcocks to the closed position.

1 1.3.10. Allow the extractors to run another 5 minutes, then turn off the
rheostats and niantles.

1 1.3.1 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 benehsheet

if there is any discrepancy.

11.4.3. Weigh the sample container on a balance (± 1 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 / mratrix 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: Dichlorornethanec creates excessive pressure very rapidly! Therefore,

during the rinse for 600 series methodology venting should be done immediately

after the sample container has been sealed and inverted. Vent into hood away

from analysts and other samples.

1 1.4.3. 1. If the entire samrple 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 meniseus after the sample is transferred. The forurier 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.

11 .4.3.2.Prepare a method blank, LCS and MS/MSD for each batch as specified
in Section 9 of this SOP. Use 1 L of reagent water for method blanks
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and LCS. The method blank is spiked with the surrogates, the LCS and
matrix spikes with the surrogates and matrix spiking solutions.

11 .4.3.3.Use 250ml- of leachate for TCLP for TCLP semnivolatiles and TCLP
pesticides measured in a graduated cylinder. An alternative method
Would be to tare 400nml beaker on the balance and then add 250g to the
beaker. Assume a density of I g/mL and record the volume on the
bncehsheet. 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
buf~fer 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.
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19.8 cm,

9 1 cm

' - 24140jo,rni

35 C.

1 1.4.4. Adjust sample pH as indicated in Table I for the initial extraction. Use tile
minimum amnount of 1: I H2S04 or IO N NaOH necessary. Recheck the
sample with pH paper. Record adjusted pH, spiking volumnes and standard
numbers on the benehisheet. Return spiking solutions to the refirigerator as
soo11 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 l O').

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, (sce Table 1) turn off the
heating mantle and allow the extractor to cool. Detach the condenser and

adjust the pH of the sample in the extractor body to the pH indicated in

Table 1 with a minimum amount of IO N NaOH or 1:1I H2S0 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

Kuderna-Danish (K-D) 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.

11.4.9. 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. 10 Collect the dried extract in a K-D or other glass container- Rinse the

funnel with 20-30 mL of methylene 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 performis

this test, refer to the facility SOP.)

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
least 12 hours) at 1050C. Allow to cool in a desiccator before weighing.



877 81.3
EXTRACTION AND CLEANUP OF ORGANIC COMPOUNDS SOP No: CORP-OP-0001 NC
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

Page 25 of 82

% 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 performs this test,
refer to the facility SOP.)

lfpH'Idetermnination is required, transfer lO 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.

I11.5.3. 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).

I11.5.4. Remove suirrogate and matrix spiking Solutions from refrigerator and allow to
warm to loom temiperature.

1 1.5.5. Weigh 30 gofsarmple ± 0.2g into a 250 or 400 nL beaker. Record the
weight to the nearest 0.01I g in the appropriate column on the benchisheet.
Usc 30 g of sodium sullhtc for the method blank and 30 g of sodium
sullbate with 30 g of reagent sand for the LCS.

1 1.5.6. Mix weighed sample with a spatula adding enough anhydrous sodium sulfate
(approximately 30 g ) to be lice 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.

I 1.5.8. Add the appropriate voIlume1 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 nmL 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 rmL 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 5 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.

11.5.9. Immediately add a minimum of 100 ml. of solvent to the beaker.

Solvents:
Semivolaile GC/M, TPH, :1 Methylene Chlorid/Actn

Oraohlorine pesticides and PC~

Note: Steps 1 1.5.5 - 11.5.9 should be performed 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.

1 1.5.1 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 10 for the 3/4 inch standard horn, with mode

switch on pulse, and percent-duty cycle knob set at 50%.

Note: Do not use Microtip probe.

1 1.5.12. Loosely plug the stem of a75 mmn x '75 min 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.

11.5.13. 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.

11.5.15. 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 fuannel and rinse with an additional 10 mL-20 mL of the

meithylene 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 ifthe extract is not concentrated immediately.
Refer to Section 1 1.9 for concentration and Section I1.1 .2 for cleanup.
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11.5.1 7.Sonicator Tuning: Tune the sonicator according to manufacturer's
instructions. The sonicator must be tuned at least every time a ncw horn is
in stalled.

I 1.6. Soxhlet

11.6.1. Detennination of % moisture
In some cases, sample results are needed on a dry weight basis. If this is
the ease, 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) X 100
weight of wet sample

1 1.6.2. Determination of pH
if pH determination is required, transfer 10 g of' soil to a beaker. Add 10
rnL of waiter-. Stir for I hour. Determine the pH of the sample with a glass
electrode antd pH meter.

1 1.6.3. Decant and discard any water layer on a sediment/soil sample. Record and
document if a water layer was discarded on the benchshct. Homogenize
tthesamiple byimixinigit thoroughily in theconitainecr. 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
foieign 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
Admin inistrator).

11.6.4. Remove surrogate and matrix spiking solutions from refrigerator and allow to
warm to room temperature.

11.6.5. Weigh 30 g of sample ± 0.2g into a beaker, recording the weight to thle
nearest 0.01 g on the benchisheet.. Use 30 g of sodium Sulfate for the method
blank and lCS. Add 30 gofanhlydrous sodium isulfatecandimix well. The
mixture should have a frece 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
thle 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, L-CS 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 mLt 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:
SemiolaileGC/S, OP, AHTPI1 11 Mcthylene Chlorid/Actn

Oraohlorine pesticidsadP~

1 1.6.9. Allow the extract to cool after the extraction is complete, then disassemble
by gently twisting the soxh let fromn 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-fl 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 1.6.11 LCover with aluminum foil if the extract is not concentrated immediately.
Refer to Section 1 1.9 for concentration and Section 1. 12 for cleanup.

11.7. Accelerated Soxhiet (Soxtherm Trade Name)

11.7.1. Demonstration of%iimoisture

In some eases, sample results are needed on a dry \veight 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 105'C. Allow to cool in a desiccator before weighing.
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%Moisture = (Weight of wet sample - Weight of dry sample) X
100

Weight of wet sample

11.7.2. Determination of pH
If pH determination is required, transfer l0 g of soil to a beaker. Add 10 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
homiogenization 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.

1 1.7.5. Weigh 30 g of sample ± 0.2 g into a beaker, recording the weight to thle
nearest 0.01I g on the benclisheet. Use 30 g of sodium sulfate for thle mcthod
blank and LCS. Add 30 g of anhydrous sodium sulfate and miux well. The
mixture should have a f'ree flowing texture. If not, add more sodium sulfhitc.
Add the samnple/sodium sulffate mixture to a soxhiet thimble, but do not pack

the thimble tightly. The ex tract ion thimble must drain freely for the duration
of the extraction period. A glass wool plug above and below the sample in
the th i nbIe is required.

1 1.7.6. Add the appropriate amount 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 niay be used if the appropriate
reporting limits can be mect.

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
sampflepI.

1 1.7.9. Place thimble in beaker containing clean boiling chips and add
approximately 140 nl- of' solvent. Place beakers into positions on 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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I1l.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 funnel.

11.7.1 I.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 1 0-

15 mL of methylene chloride to complete the quantitative transfer.

I11.7.12.Cover with aluminum foil if the extract is not concentrated immediately.
Refer to Section 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 Ig of sample to the vial. Record

the weight to the nearest 0.01 0g.

11,8.4. Add appropriate Volume of sulrogate 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 10 mL of appropriate solvent (Hexane) for

GCS-pesticide and/or PCB3 analysis.

11.8.6. 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.

1 1.9. 1. Kuderna-Danish (KD) Method:

1 1.9. 1. 1. Assemble a Kudema-Danish concentrator by attaching a I10 mL
concentrator tube to the 500 nl- KD flask. Transfer the sample 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 imL 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).

-e- Snyder Column

--*- K-D Flask

4-Concentrator Tube
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11.9.1.3. Place the KD 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 KD flask. At the proper rate of
distillation, the balls will actively chatter 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
hexane/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 1 mnL. 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 KID apparatus fromn the xvater bath and allow to cool for a
minimum of IC minutes. If the level of the extract is above the level of
the concentrator tubecjoint, continue to distill the solvent as necessary.
Again, allow the KD flask to cool for a mnimurum of 10 minutes.

11.9.1.6. If the final volume is 5 or 1 0 ml- the extract may be made up to volume
in the graduated KD tube or transferred to a 12 mrL vial previously
marked at the appropriate volume level. Document the final volume.
Otherwvise proceed to Section I11 IO0

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 5"C 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 thre 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
Hexanc 690C
Acetonitrile 82 0C
Toluene I1I lC

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 mnL. 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 analytcs will be lost.

An alternative technique is to follow the previous steps concentrating
the solvent to slightly below the required final volume and then
drawing the extract into a syringe. Rinse the evaporation tube with a
smvall amiount of'solvent and draw additional solvent into the syringe to
make tip the accurate final volume.

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

A'ofe: The finial concentration and volume11 measurement steps are
critical. Use care when concentrating and make certain that the final
volume mecasuremen~t is accurate.

Alternative QES Concentration Method:

This concentration inethod uises a hot wvater jacketed concentrator
tithe (CT,) instead oeli/ic hot water bathi and concentrator tithe used in?
SReciou 1. 9. I. I. The construction of the jack-eted concentrator tithe
reduces the tendencv ojthe extract to evaporate to dryvness. Thus, lowl
/)oi/ing auna/ v/es are retained in the extract better with less ana7Clyst
mnonitoring oft/ic concentration procesvs.

Assemble the jacketed concentrator, tithe, KD hoc/v and hot water
hoses. Adde lmL of exchange solvent (i/~needed) and one large,
clean boiling chip.

NOTE: The boiling chip~s used in the jacketed concentrator tithe
must be large enough to prevent them frilling down into the tip of
t/ic CT i/'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 uip 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 jacketed concentrator

tube.

Concentrate to I mL. if the determinative method requires a

solvent exchange, add the appropriate exchange solvent (5-10

mL hexane, I ML acetonitrile, 4 mL, acetone/hexane) to the top of

the Snyder column. Contfinue to concentrate until the Snyder

column balls stop chattering.

Cool the jacketed concentrator titbe until it is cold to the touch.

Quantitatively' transfrr the extract and dilute to final volume, or

continue concentration with nitrogen evaporation (Section

11.10).

I11.1I1. Turbovap Method

1.1..Turn on the Turbovap, and adjust the water temperature to 5-I 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 .1 1.6. 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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transferrd, rinse the flask with a few mL of methylene chloride and
add to the Turbovap tube.

I .I .1.8. 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 .11.10. Transfer the concentrated extract to volumetric 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 samples may not concentrate.
If this occurs, supervise the entire concentration procedure.

I 1. 2. Cleanup Techniques

1 1.12.1. The following techniques may be used to remove interfering peaks, and /or
to remove materials that may cause colum11n decterioration and! or loss of
detector sensitivity.

I I 1 2-2 Gel Permecaion Chronictio rah,pz (Section 11.13) is a generally applicable
technique which can be used to prepare extracts for Semnivolatiles (8270),
and pesticides (808 1) 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

I1. 12.3. Florisil coluimn cleanup) (Section 1 1.21) 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
diff'lerent polarity from the target analytes. Note: GPC used only for CLP
Projects. Gel Permeation Chromatography and Florisil coluimn cleanup mnay
both be applied to samples for analysis by method 808 1/8082. In this case the
GPC Should be performed first.
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1 1. 12.4. Sitlfur clearnw (Section 1 1.23) 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.

I11. 12.5. Sul/itric acidcleanup (Section 1 1.24) is applied to samples requiring
analysis for Polychlorinated Biphentyls (PCBs) only. Most organic matter is
destroyed by the sulfuric acid. WARNING: Sulfuric acid cleanup must not be
performed 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.

I11. 12.6. Acid Base Partition Cleanup (Section 1 1.25) is useful for separating
organic acids and phenols from basic and neutral organics.

I11. 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 J2 Scientific ACCUPreCp.

I1. 14. GPC Columin Preparation

1 1.14.1. Weigh Out 70 g of Bio Beads (SX-3) into at 400-il- beaker.

11.14.2. Add approximately 300 mLd of imethylene chloride and stir gently.

I 1 .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.

1 1.14.4. Position and tighten the outlet bed support (top) plunger assembly in
the tube by inserting the plunger and turning it clockwise until snu1g.
Install the plunger near the column end but no closer than 5 cri
(measured from the gel Packing to the collar).

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

11.14.6. Swirl the bead/solvent slurry to get at homo`1genoCus mixture and pour
the mnixture into the open end of the columrn. Transfer as mnuch as
possible with one continuous pour trying to minimize bubble
form11ation. Pour enough to till 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.

1 1.14.8. Push the plunger until it meets the gel, then compress the column bed
about 4 cur.

1I 114.9. Connect the Column inlet to the solvent reservoir and place the
coIlumn1 outlet tube in a waste container. Pump methylene chloride
through the column at a rate of 5 mul/min. for one hour.

11 .14. 10. A fter washin~g the coIlumn1 fior at least one hour, connect the coUlnum
outlet tube to the inlet side of'the UV detector. Connect the system
outlet to the ouleIt side of the UV detector. Placing a restrictor
(masde firom a piece of'capillary tubing of l/1 6"OD x lO/1 000"ID x
2") in the outlet tube from the UV detector will prevent bubble
fo01ralt ion which Causes a noisy UV baseline. The restrictor will niot
cffhet the flow rate. After pumping mnethylene chloride through thle
coIlumn1 for- an additional 1-2 hours, adj ust the inlet bed Support
plunger until approximately 6-10 psi back-pressure is achieved.
Push the Plunger in to increase pressure or slowly pull outward to
reduce pressure.

1 1.14.1 1. When the GPC Column is not to be used for several days, connect the
column inlet and outlet lines to prevent column drying and/or
channeling. Ifchranneling occurs, the gel must be removed from the
column, re-swelled, and re-poured as described above. If drying
Occuis, pump rmethylenec chloride through thre colurmn 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 niot changed.

1 1. I. Initial Calibration ofrthe 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't 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 I11. 15. 1.

indicates the need for system maintenance and/or the need for a new
column.

11.15.5. Determine appropriate collect and dump cycles.

11.15.6. The calibrated GPC program for pesticides/PCI3 should dump >85%
of the phthalatc and should collect >95% of the methoxychlor and
perylene. Use a wash time of 10 minutes.

11.15.7. For semtivolatile extracts, initiate a column eluate collection just
before the elution ofbhis (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 timne of 1 0

minutes after the clution 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.

1 1.15.10. The retention times for both bis(2-ethiylhexyl) phthalate and
perylene must not vary more than ±1- 5% between calibrations.

11.16. GPC calibration check

1 1.16.1. Check the calibration of thc GPC immediately after the initial
calibration and at least every 7 days thereafter, while thle column is in
use.

1 1.16.2. Inject the calibration solution, and obtain a UV trace. If the retention
times of bis(2-ethylhexy1)phthalate or perylene have changed by more
than + 5%V use this run as the start of a new initial calibration.
Otherwise, proceed with the recovery check. Excessive retention time
shifts may be caused by poor- laboratory temperature control or
system leaks, anl Unstabilized Column, or high laboratory temperature
causinlg outgassing ofmnethylenic chloride. Pum11p mnethylene chloride
through the system and cheek the retention times each day until
stabilIized.

1 1.17. GJPC Recovery Check for- Pesticides! PCBs

I11.17.1. The recovery fr-om 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 mixture is
prepared by diluting 1.0 2.0 rnL of the pesticide matrix spiking
Solution (Table 6) to 10 mL in mnethylene chloride. The second
mixture is prepared by diluting 12.0 mnL of the PCBR only matrix
spiking solution (Table 6) to 10 mL with imethylene chloride.

1 1.17.2. Load the pesticide matrix spike m~ixture, the PCI3 mixture, and a
mnethylenec chloride blank onto the GPC using the OC dump and
collect values.

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

1 1.17.3. After collecting the GPC calibration check fraction, concentrate,
solvent exchanging to hexane. Adjust the final volume to 5.0 rnL,
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. GPCB~lank for Semnivolatiles

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
sernivolatiles dump and collect values.

11.18.3. After collecting the GPC recovery check fraction,
concentrate, and analyze by CC/MS. Refer to the
concentration Section 11.9.

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 mL, then adjust to
10 mL 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 nml-/mi. The ideal
laboratory temperature to prevent outgassing of the methylene
chloride is 220C. The normal backpiressure 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 I0 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 thle collect, dump, and wash times determined by the
calibration procedure.

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

11.1 9.8 Collect each sample in a suitable glass container. Monitor
sample volumeis collected.

I11.1 9.9. Any samples that were loaded into 2 or more positions must
be recombined.

I11.1 9.10. Concentrate semnivolatile sample extracts to 0.5 nl- in
methylerne chloride. Refer to the concentration Section 1 1.9.

I 1. 19.1 I . Solvent exchange pcsticide/PCB sample extracts into
hexane and concentrate to 5.0 niL. Refer to the
concentration Section 11.9.

11.20. Calculations

1 1.20.1. Resolution

To calculate the resolution between two peaks on a
chromnatographi, divide the depth of the valley between the
peaks by the peak height of the smaller peak being resolved
and mul11tiply by I100.
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R e s oIu t ion C alIc ulIat i on

H e ight

Time

% Resolution A x1I00
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 chromnatograph the point where collection is to
begin. Measure the distance firom the injection point. Divide
thle distance by the chart speed. Alternatively the collect and
dump times may be measured by means of an integrator or
data system.

Dum tie (in)= Distance (cm) from injection to collection start
Dump time (miii) Chart speed (cm / min)

11.20.3. Collection Time

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

11.21. Florisil Cartridge Clanup

Florisil c/ca nip is generally used for organoc/ilorine pesticides, alt hoag/i
it may he applied to oilier analytes. Sections 11.2 1. 1 throng/i 1 1.21.8
ouitlinie f/epjrocecdurte for organioclilornitepesticidles, whiile section 11.22

uitluies inodifications required for or/icr analytes.
Note 1: Systems for elUtinig multiple cleanup cartridges include thle
SLIpelCO, Inc. Solid Phase Extraction (SPE) assembly or equivalent.
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Note 2: Follow the lab specific procedure when using ABC Model 10028.

I1 .21I. 1. Before Florisil cleanup sample volume must be reduced to 10 mL (5
mL if GPC cleanup was used) and the solvent must be hexane. Refer to
Section 1 1.9 for details of concentration,

11.21.2. 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 5 mL
of hexane/acetone (9: 1). Adjust the vacuum applied to each cartridge
so that the flow through each cartridge is approximately 2 mL/min. Do
not allow the cartridges to go dry.

11.21.4. Just before the cartiidges go dry, release the vacuum to the manifold
and remove the manifold top.

11.2 1.5. Place a rack of clean labeled 12 mnl concentrator tubes into the
manifold and replace the manifold top. Make sure that the solvent linle
from each cartridge is placed inside the appropriate tube.

11.2 1.6. After the clean tubes are in place, vacuum to the manifold is restored
and 2.0 inil of the extract is added to the appropriate Florisil cartridge.

1 1.21.7. The pcsticides/aroclors in the extract concentrates are then eluted
through the columin with 8 mnL ofhexane/acctone (90: 10) and are
collected into the 10 mL culture tube or concentrator tube held in the
track inside the vacuum manifold.

1 1.21 .8. Transfer the extract to a graduated concentrator tube and concentiate
the extract to 2 mL. Refer to the concentration Section. (1 1.9)

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-
triclhlorophenol solution and 0.5 mL ofGC Standard Mix A (midpoint
concentration) to 4 rnL- hexane. Reduce volume to 0.5 mL. Add the
concentrate to a prec-washed Florisil cartridge and elute with 9 m1L
hexanc/acetonc [(90: 1 0)(v/v)]. Rinse cartridge with 1.0 ml- hexane
two additional times. Concentrate eluate to 1.0 rnL final volume and
transfer to vial. Analyze the solution by GC/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 mL of the sample
extract and elute with 3 mL hexane. The cluant will contain the
PCBs together with any heptachlor, aidrin, 4,4'DDE and part of any

4,4'DDT. Any BHC isomers, heptachlor epoxide, chlordane,
endosulfan l and 11, endrin aldehyde and endrin sulfate and
methoxychior will be retained on the column and can be elutcd in a

separate fraction with 8 mdL 90: 10 hexane:acetone if required.

11.23. Sulfur Removal

11.23.1. Sulfur can be removed by one of three methods: mercury, copper, or
tetrabutylamnmoniurn sulfite (TBA) according to laboratory preference.
If the sulfur concentration is such that crystallization occurs ifl 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. Sulfuir 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 scaled 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, sul fur 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. Sulfir Remnoval with Copper

1 1.23.3.1. Transfer 1.0 ml- of sample extract into a centrifuge or
concentrator tube.

1 1.23.3.2. Add approximately 2 g of cleaned copper powder (see Section
7.2 for copper cleaning procedure) to the sample extract tube.

1 1.23.3.3. Mix for one minute on a mechanical shaker.

1 1.23.3.4. lfthe copper changes color, sulfur was present. Repeat the
sulfurI removal procedure until the copper remains shiny.

1 1.23.3.5. Transfler the SUPernate to a clean vial.

1 1.23.4. Sulfur11 Rem1oval with Tetrabultylammoniurn (TRA) Sulfite Reagent

1 1.23.4.1. Transfer 1.0 nl- of'sample extract into a culture tube.

1 1.23.4.2. Adid 1.0 nil- T13A sulfite reagent and 2 rnL 2-propanol to the
sample extract. Cap and shiake For I minute. If clear crystals
(precipitated sodium sulfite) form, sufficient sodium su~lfite is
pIresent.

1 1.23.4.3. If a precipitate does not form, add sodium sulfite in) an
appr oximately 0.1I g portions until a solid residue remains
after repeated shaking.

1 1.23.4.4. Add S ml- organic free reagent water and shake for I 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 voIlumeis defined as 1.0 mL- in
Section 1 1.23.4. 1.

I 1.24. Sulfuric Acid Cleanup

1 1.24.1. Add approximately 2-5 uL- of concentrated sulfuric acid to 2 nil- 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.

11.25. Acid/Base Partition Cleanup

11.25.1. Place 10 rnL 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 10 N sodium hydroxide.

11.25.4. Seal and shake the separatory fumnnel 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 aqueous 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 Erlenmeyer
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 methylene chloride.
If the analytes of interest are only in the aqueous phase discard the

mnethylene chloride and proceed to Section 1 1.25.9. If the analytes of
interest are only in the mcthylene chloride, discard the aqueous phase
and proceed to Section 1 1.25.1 1.

11.25.9. Externally cool the flask with ice while adjusting the aqueous phase to
a pH of 1-2 with sulfuric acid ( I: I). Transfer the cool aqueous phase to
a clean 125 mnL separatory funnel.

11.25.10. Add 20 mnL of methylene chloride to the separatory funnel and shake
for at least two minutes. Allow the inethylene chloride to separate from
the aqueous phase and collect the mnethylene chloride in an Erlcinmcycr
flask. Repeat the extraction two more timtes using fresh methylene
chloride and extracting at pH 1-2. Combine the three extracts.

1 1.25.11. Dry the extract by passing through a funnel containing 10-20 g
anhydrous sodium Sulfate. Rinse the funnel with an additional 20-30
rnL of clean mnethylene chloride

11 .25. 12. Cover with aluminum foil if the extract is not concentrated
immediately. Re fer to Section 1 1.9 for concentration.

11.25.13. Dispose of solvent and water remaining in the separatory funnel into
the appropriate waste container.

1 1.26. Fluorocarbon Cleanup

This procedure is appropriate Je;- the removal hydrocarbons firon
water samples prior to analjysis ]or water soluble alcohols

1 1.26.1. Transfer 1-2 nil- of water sample to a I10 ml- culture tube.

1 1.26.2. Add 1-2 rnL Of fluorocarbon solvent (PF-5080) to the culture and cap.

1 1.26.3. Shake for 30-60 seconds.
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11.26.4. After the two phases have separated, pipette about 1 mL of water
sample (top layer) into an autosamrpler 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 four1 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 check samples are
given in the determinative SOPs. (CORP-GC-0001, COR-P-MS-0001,
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.

15.2.1I. 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
methylene chloride/acetone or acetone/hexane from the extract drying step.
These 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 pui into the hialogcenated/nioni-halogenated 25 gallon solvent waste
container located under the fume hlood in extractions.

1 5.2.4. Mletylvenc chloride waste from various rinses: These wastes are
disposed of in the liquid-liquid separation unit.

15.2.5. H-exane- 1-lexane waste: These samples are to be disposed in the
flninable waste.

1 5.2.6. Waste H-exane in vials. These vials are placed in the vial waste located in
the GC prep laboratory.

15.2.7. Waste M'ethylcne Chloride sample vials. These vials are placed in the
vial waste located in (lie 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.

15.2.9. Samples, standards, and all extraction materials contaminated with high
levels (>50ppnm) 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 PCB, liquid
PCB3 and PCB vial waste.

16. REFERENCES

16.1. References

16. 1. 1. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods,

SW846, 3rd Edition, Final Update HII (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

16.2.1I. 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 Detection 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-000l1.

17. MISCELLANEOUS

17.1. Modifications from Reference method

17.1.1. Some surrogate spiking concentrations are modified from those
recomnmended 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 the 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

17.2.1. 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 are used in
conjunction with this SOP. lfno facility specific SOPs or amendmnents 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
13NA: 8270C' 1-2 11-12
625 11-12 1-2
Pest/PCB: 808 I A, 8082 & 5-9 None
608
Wisconsin DRO 2
OPP: 8141A as received None
Hydrocarbons: 8015B as received None
PAH: 83 10, & 6 10 as received None

If the laboratory has validated acid only 8270 extraction for the target compound
list required then the base extraction step may be omnitted. The required validation
consists of a 4 replicate initial demonstration of capability and a method detection
limit study. (Sec section 13). Additionally, either of the base or acid fractions of
Method 8270 can be run first.

Table 2
Exchange Solvents and Final Volumes
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Final Volumes and Exchang Sovns if no cleanup is used

Type Exchange Solvent for Analysis Final Volume for Analysis in mnL

Semnivolatiles N/A 20id

PCB 5Oml, Hexane 1 0.0 for solids 5.0 for H20 2.0 for H~2O0

Pesticides S0ml, H-exane 10.0 for solids 5.0 forl-H20

Pesticides/TCLP 5Oml, Hexane 30nl

PAH by HPLC 4mL Acetonitrile 1.0 mL _______________

BNA - SIM N/A 2.0 ml- - Solids & H420

TPH N/A1.
OPP 20ml- Hexane/Aceton .

*Requires high sensitivity mass spec tune (refer to NC-MS-0015 PAH by SIM)

**Michigan work requires a final volume of 2 mnL.

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
for Analysis

Semnivolatiles CH 2CI2 10 mL' 0.5 mL CH,C12 -

0LM03.1I

Sernivolatiles CIH1C11 10 nL' 2.5 nl, CHC12 -

OLM04.2

Pesticides CH2CI2 10 rniL 5 ml-, Hlexane

Final volume for GPC may be 4 mL if a 2 ml- sample loop is used

Final volumes and solvents if Florisl cleanup is used CLP ONLY
Type ~~~Solvent for Final Volume for Floisl FnlVumadsovtfr

Florisil Aayi

Pesticides Hexane 10 ml- (2 ml- aliquot used) 12 mL, hexane

Final volumes and solvents if both GPC and Florisil cleaupare used CLP ONLY

Type Solvent for Final Solvent for FnlVum Fiavolume for

GPC Volume for Florisil fo lrsl aayis

I _ _ _ _ G PC _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Pesticides Methylene 10 mL Hexane 5rmL (2rmL 2 ml-, hexane

IChloride __ _ _ _ _ _ _ aliguot used) _ _ _ _ _ _ _ _ _

Note: Different final volumes may be necessary to meet special client reporting limit

requirements.

.Table 3

Surrogate Spikin Solutions
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Surrogate Spike
Analytc Group Solution ID Volume (mL)

BNA 00/ 1 50 ppmn BNA 0.2

BNA /SIM 100/ 150 ppm BNA .2 / 0.02

PEST 0.2 ppm DCB/TCX 1.0
TPH 4Ong C9 1.0

PCB 0.2 ppm DCB/TCX 1.0

PAH 1.0 ug/ml- p-Tcrphenyl-d I4 1.0

5.0 ug/ml, Benzo(e)pyrene

OPP 10 ug/mL-Triphcnyl Phosphate 1.0

Table 4

Matrix Spike and LCS Solutions

Matrix Spike
Analyte GroLIp Solution1 ID Volume (mL)

13NA 100 ppm B3NA AII-Analyte 0.2
Spike & Restek Spike

LANA /SIM 100 ppmn BNA All-Analyte 0.2 / 0.02
Spike & Restek Spike

PEST Pest NPDES Spike 1.0

PEST TCLP Pest TCLP Spike 1.0

PCB 10 ppm PCB Spike 1.0

PAH See Spike List - Table 6 1.0

TPHI See Spike List - Table 6 I .0

OPP See Spike List - Table 6 I ~~~~~~~~~~.0
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Table 5

Surrogate Spike Cornponents ____ ____

Con.

Type Compounds Sg/mL)

BNA 2-Fluorobiphenyl Metao 00

Nitrobenzene-d5 100

p-Terphenyl-dl4 100

2-Fluorophenol 150

Phenol-d6 150

2,4,6-Tribromophenol 150

1 ,2-Dichlorobenzene-d4 100

2-Chlorophenol-d4 150

Pest/PCB Decachlorobiphenyl Methanol 0.2

Acetone

Tetrachloro-m-xylenc 0.2

TPH Nonane (C9) Methanol 40.0

PAH ~~~p-Terphenyl-d-14 CH3CN 1.0

Benzo(e)pyrene 5.0

OPP Tripl-enyiphosphatc Acetone 10.0

Table 6

Matrix Spike Components _____ ____

Cone.

Type Compounlds Solvent (Vg/mL)

TCL BNA Acenaphthene Methanol 100

4-Chloro-3-Methylphenol0 150

2-Chlorophenol15

I1,4-Diehlorobenzene 100

2,4-Dinitrotoluenle 100

r4--Nitrophenol 150
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Table 6

__________ Matrix Spike Components _____

Cone.
Type Compounds Solvent (pg/mL)

N-Nitroso-Di-n-Propylamine 100

Pentach loropheno I 50

Phlenol 150

Pyrene 100

1 ,2,4-Trichlorobeiizene 100

BNA 1,4-Dichlorobenzcnie Metao 00

TCLP 2,4-DinitrotolUene 100

HexachlIorobcnzenc 100

Hexach lorobutad iene 100

H exach loroethjane 100

2-Methyl phenol 100

3-Methyl phenol 100

4-Methyl phenol ioo
Nitrobenzcne tOO

Pentach lorophenol 100

PyridineC 100

2 ,4,5-Trich lorophecnolI 100

2,4,6-Tricl iloroph enol 100

B3NA Methanol
N PD ES _ _ _ _ _ _ _ _ _ _ _ _ _

Aeenaplhthenc 100

Acenaplithylene l00

Anthracene 0

B~enzo(a)anthracene 100

I flenzo~b~fluoranthene Methanol
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Table 6

Matrix SpikeCmoet ____ ____

Cone.

Type Compounds Solvent (Vg/mL)

Benzo(k)fluoranthene 100

{Benzo(a)pyrene [100
Benzo(ghi)perylene 100

Benzyl butyl phthalate 100

Bis(2-chloroethyl)ether 100

Bis(2-chloroethoxy)mnethane 100

Bis(2-ethylhexyl)phthalate 100

Bis(2-chloroisopropyl)ether 100

4-Bromophenyl phenyl ether t00

2-Chloronaplithalene 100

4-Chlorophenyl phenyl ether 100

Chrysene 100

Dibenzo(a,h)anthracene 100

Di-n-butylphthalate 100

I1,3-Dichlorobenzene 100

1 ,2-Dichlorobenzene 100

I1,4-IDichlorobenzene too

3,3'-Dichlorobenzidine 100

Diethyl phthalate 100

Dimethyl phthalate 100

2,4-Dinitrotoluene 100

2,6-Dinitrotoluene 100

Di-n-octylphthalate 100

Fluoranthene 100

Fluorene 100
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Table 6

__________ Matrix Spike Components _____

Cone.
Type Compouinds Solvent (pig/mL)

Hexachlorobcnzcne 100

Hexacli orobutadicenc t00

HcexachlIoroethbane 100

lndcno( I1,2,3-cd)pyrene 100

lsophorone 100

Naphthalene 100

Nitrobenzene 100

N-Nitrosodi-n-propylanninc 100

Ph enant hrene 100

Pyrene I 00

I1,2,4-Trichlorobenzcne too
4-ChlIoro-3 -imethy! plienolI 100

2-Ch lorophenol 100

2,4- Dioh lorophenol I 10

2,41-Di methyl phenol 100

2,4-Din itrophenol 100

2-Mcthyl-4,6-dinitrophenol 100

2-Nitroplienol 100

4-N itrophenol 100

PentLa h lorophienol 0

Phenol 100

2,4,6-Trichloroplienol 100

Acetophenone 100

Atra~zi no 100

Cap ro lact uin too
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Table 6

Matrix Spike Components ____

Cone.

Type Compounds Solvent (pg/mL)

Benzaldehyde 100

1,1 '-Biphenyl 100

Safrole 100

I1,4-Dioxane 100

Pronamide 100

p-Chlorobcnzilate 100

Phenacetin 100

Ethyl methanesulfonate 100

2-Picoline 100

Phorate 100

Quinoline 100

Pest TCLP Heptachior Methanol 0.5

Acetone

Heptachior cpoxide 0.5

Lindanc 0.5

Endrin 0.5

Methoxychlor 1.0

Pest Aldrin Methanol 1.0

NPDES Acetone
/Pest

alpha-BHC 1.0

bcta-13HC 1.0

delta-BHC 1.0

gamma-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

Di cidri n 1.0

alplha- Endosul tan1.

bcta-EndosulIfan1.

Endosulfan Sulfate1.

Endrin 1.0

Hcptachlor 1.0

rHeptachlor Epoxide 1.0

Diesel IRantc Oraics (80158) Spike
Compound Final Concentration

ni-dccane 50 pg/otI
n-dodccane 50 Jig/mI

n1-tet radecane 50 pg/mI
n-lhcxadccane 50 pg/ml
n-octadecanc 50 Vg/ml

n-cicosane 50 pg/mIn
n-docosanc 50 pg/mIn

nI-tctracosane 50 jig/ml
n -Ii xaco0sane 50 Jig/ml
n-octacosanec .50 pg/mI

OruanophorphOrou Pesticides (18141 A)
Cornpound Final Concentration
dimethoate 2 gm
disuliboton20g/n
famphur 20 _ _ __ _ __ _ __ __ _ __ __mL__ _

mecthyl parathion 2 gm
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partin (ethyl) 20 VamL

phorate 20 ptg/mL

sulfotepp 20 ptg/mL

thionazin 20 gg/inL

o~o,o-triethyl phosphorothioate 20 gg/mL

triphenyiphosphate (surrogate) 20 mL

Polynmuclear Aromatic Hydrocarbons (8310)

Compound Final Concentration
Acenaphthylene 10 gg/mL

Carbazol e 10 jggrnL

Naphthalene 10 ptg/mL

I-Methylnaplithalcene 10 gg/rnL

2-Methylnaphthalene 10 ig/mL

Acenaphthcne 10 pg/mL

Fluorene 2 pg/rnL

Phecnanthrene 2g/n

Anthracenc gm
Fluoranthene ~~~~~~2 pag/mL
Pyrene ~ ~ ~ ~ 2 m

flenzo(a)anthracene 2 g/mL
Chrysene ~ ~ ~ ~ 2 rn
Benzo~~~~a~pyre2 /rn

Bcrnzo(k)fluoranthene 2 pg/mL

Benzo(a)pyrenek)fiuoranthcne 2 pg/rnL

Dibenzo(a,h)anthracene 2 pg/miL

Benzo(g,h,L)perylene2 gm

Indeno(1,2,3-cd)pyrn 2 pg/miL
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17.5. Flow diagrams

1 7.5.1I. Separatory fu nnelI extraction
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Adsurrogates
to al samples Collect and

stndardsand combine extracts
blanks

Check and adjust r Ys-*adbs/eta

pH GGMextracts

No~~~N

Go to

Yes Extract 3 times concentration
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

Ad ethylene Extract for
choide to appropriate ~
etatr body number of hours

Add sample to xtrac
extractor body secondp Yes- Adutp

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

Determine p(If sonictoan
required filtratotwc

Weigh 0g ofGot
sample anid add cncentration
sodium sulfate and cleanup

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

Weg 30g of Got
sample and add concentrato
sodium sulfate and cleanup

Place sample/
sodium sulfate

mixture in
thimble

Add surrogates
and spikes
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17.5.5. Concentration and cleanup

r fraction~vaoraio

ncen ~ cocnrt t ia vlm o

Adjust to 10 mL analysis. t

Yes~~~~~~~F es tr
Concentrate to~~~~~~~~~~~~I CLt

with hexane, or~~~~~~~~~~~wthA C 1

performed~ ~ ~ ~~~~~~~~Trnfet
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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-OOOI, Appendix D, Gas Chromatography of
Phenoxy Acid Herbicides based on Method SISI1A.

2. SUMMARY OF METHOD
2.1. This method is based on SW846 method 815 1 A. 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 arc 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 ch romatogr aphy.

3. DEFINITIONS
3. 1. Refer to section 3 ol'the main body ol this SOP.

4. INTIERFERENCICS

4. 1. Refer to section 4 of the main body of this SOP.

5. SAFETY

5.1. Refer to section 5 of the 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
diazornethane must be carried out inl glassware firee of scratches, cracks, chips and
which does not haive ground glass joints, Solutions of diazomlethane will be kept at
temperatures below 90"C. Diazomnethane must be generated and handled in a fumne
hood.

5.3. Diethyl ether must be free of peroxides as demonstrated by EM (or equivalent)
Quant test strips. This test canl be done every time the ether is used or once per
week if the bottle is marked with the test date(s).

5.4. Concentrated potassium11 hydroxide Solution is highly caustic.
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Nitric Oxidizer 2 ppm- Nitric acid is extremely hazardous; it is corrosive,

Acid Poison TWA reactive, an oxidizer, and a poison. Inhalation of

4 ppm- vapors can cause breathing difficulties and lead to

STEL pneumonia and pulmonary cdema, which may be

fatal. Other symptoms may include coughing,
choking, and irritation of thc nose, throat, and
respiratory tract. Can cause redness, pain, and

severe skin bums. Concentrated solutions cause
deep ulcers and stain skin a yellow or yel low-

brown color. Vapors are irritating and may cause
damage to the eyes. Contact may cause severe

bums and permanent eye damage.

Ethyl Flamimabl 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 unconseiousncss. 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

absorbed through skin. May form explosive

peroxides on long standing or after exposure to

air or light. This material must be disposed of
within six months.

I- Always add acid to water to prevent violent reactions.

2 - Exposure limit refers to the OSHA regulatoYexosreliit

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 supplies needed for this procedure are listed

below.

6.2. Diazomethane generation apparatus

7. REAGENTS AND STANDARDS

7.1I. Reagents are listed in Section 7 of the main body of this SOP. Additional reagents

and standards neceded 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-Ethoxyethoxy)ethanol, trade name Carbitol, 98%+purity

7.2.4. Diazald, 99% purity

7.2.5. Sodium Sulfate, NaS04, Anhydrous, granular, acidified: Heat sodium sulfate
in a shallow tray at 400'C for a minimum of 4 hours to remove phthalates and
other interfering organic substances. In a large beaker, acidify by Slurrying 500
g sodium sulibte with just enough diethryl ether to cover. Add 20 mL of
concentrated Sulfuric acid and mix thoroughly. Place the mixture on a steamn
bath in a hood to evaporate the ether, or allow the ether to evaporate overnight.
Larger or smaller batches of aciditied sodium su~lfate may be prepared using the
reagents in the same proportions.

7.2.6. Sodium Chloride, NaCI

7.2.7. BF3-Methanol, Boron triLluoridC-MeOIH, lab use only

7,2.8. Diethyl ether, reagent grade.

7.2.9. T neiit hyl si lyd i aomiet hane

7,2. 10. Methanol, reagent grade.

7.2.1 1. Silica gel

7.2.12. 2% mecthanolic KOH, semni-conductor grade

7.3. Standards

7.3.1I. 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. RPefer to Section 9 of the main body of this SOP for Quality control procedures.

10. CALIBRATION AND STANDARDIZATION

10.1. Not applicable

IL.PROCEDURE

I I. . Preparation of Aqueous Samples

I11.1. 1. Weigh the sample bottle and pour approximately 500 ml (1 00 mL for

TCLP leachates) into a 1 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 volumeitrically for Ohio VAP

samples.

II. 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 Al and A2 )

H1.1.3. Add 60-80 g of NaCI 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 case. If the herbicide esters

are not to be determined, omnit this step and go to 1 1.4.1.8.

11.1.4.2. Add 3 mL of ION NaOH- to the sample, seal and shake. Check the pH

of the sample with pH paper. If the pH of the sample is not >1 2 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 rnL of methylene chloride to the amber jar.
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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. Pour contents of amberjar into a pre-rinsed teflon sep funnel.

1 1.1.4.6. Discard the methylene chloride phase.

1 1.1.4.7. Add 6 nl- of cold (40C) 1: I sulfuric acid to the sample. Seal, and
shake to mix. Cheek 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: Addition of acid mray cause heat and/or pressure build tip.

1 1.1.4.8. Add I100 mnL diethyl ether to the sample and extract by shaking or
rotating Vigorously for1 10 1minutes, venting as necessary. Allow the
organic layer to separate fromn the aqueous layer. If an emulsion layer
greater than one third of the solvent layer forms, usc mechanical
techniques to complete the phase separation. Suggested techniques are
stirring, filtration through glass wool and centrifugation.

1 1.1I.4.9. Drain the aqueous layer into a clean flask or beaker. CollIect the ether
phase in a clean flask or bottle containing approximately I Og of acidified
anhydrous Sodium sul fa'te.

I11,1.4. 10. Return the aqueous phase to the separatory funnel, add 1 00 mLt
diethyl ether and repeat the extraction procedure a second timne,
combining the ether extracts. Repeat the extraction a third time with I100
nl_ diethryl 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: if the sodium sulfate solidifies in a cake, add a few
additional gramns 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.

I1 1.4.1 2. Proceed to Section 1 1.5, Concentration.

I 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 g of moist solid sample into a clean glass jar. Use 50 g of sodium

sulfate for the Method Blank and the LCS. Acidify the sample with 5 mL of

concentrated Rdl.

11.2.3. There should be a small amount of liquid phasc. If not, add reagcnt water

until there is. Stir well with a spatula. (Note: This is not necessary for the

method blank or LCS)

11.2.4. After 15 minutes, stir with a spatula and check the pH of the liquid phase.

Add more acid if nccessary 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.)

11.2.5. Add 60 g of acidified sodium sulfate and mix 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 mL of DCAA surrogate

solution. Spike matrix spikes and LCS with 1 mL of herbicide matrix spiking

solution. (Refer to tables Al and A2)

11.2.7. Add a minimum of 1 00 mL of 1:1I methylene chloride:acetone to the beaker or

I100 mL of methylene chloride for long list (dinoseb).

11.2.8. Place the bottom surface of the appropriate disrupter horn tip approximately A/

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.

I11.2.10. Loosely plug the stem of a 75 mim x 75 int glass funnel with glass

wool and/or line the funnel with filter paper. Add 10-20 g of anhydrous sodium

sulfate to the funnel cup.

11.2.11. Place the prepared funnel on a collection apparatus. If the herbicide

esters are not to be determined, the collection apparatus is a bottle or flask

containing approximately l Og of anhydrous acidified sodium sulfate. If the
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herbicide esters are to be determined, (normally the ease) the collection
apparatus is glassware suitable for the hydrolysis step, typically a KD 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 100 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 mL-20
mL- of the imethylenec 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 11.4 or go to cleanup, Section 1 1.3. lfthe
herbicide esters are to be determined (normally the ease) proceed to
Section 28.2.1I5

11.2.15. Add 5 nl- 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.

11 .2. 16. Heat on a water bath at 60-65 TC for 2 hours. Al low to cool. Higher
tempel-atures, uip to 90"C, may be usedI if needed to remove the ether
layer within 2 hours.

11.2.1 7. Transfer the Solution to a separatory funnel and extract three times
with I100 nl- portions of methylene chloride. Discard the methylene
chloride phase. The aqueous Solution contains the herbicides.

11.2.189. 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 20 mL
diethyl ether.

Caution: Addition of acid may cause heat and/or pressuire build lip.

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 dicthyl 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 mL 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.

1 1.5.2. Attach a three ball Snyder column to the K-fl apparatus, prewet the

column with a few mL of ether from the top, and place the apparatus

on a water bath at approximately 600C. At the proper rate of

distillation, the balls of the column will chaffer, but the chambers will

not flood. When the apparent volume reaches 2 mE, 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-fl (buffer reacts

with diazald solution used in esterification).



877 863APPENDIX A SOP No: CORP-OP-OOO INC
EXTRACTION PROCEDURE FOR CHLORINATED Revision No: 4.1
ACID HERBICIDES BASED ON METHOD 8151A Revision Date: 10/07/03

Pa2e 75 of 82

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 11.7) or the TCLP esterification by Boron Triflouride

Method (Section I11.8).

11.6. Esterification (Bubbler Method)

11.6.1. Assemble the diazomnethane apparatus (See figure below) in a hood.
Add 25-30 mL of diethyl ether to tube 1. Add 1.5 mL 37% KOH, I
mL Carbitol, and I mL 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
samrple extract. Apply nitrogen flow (approx. 10 iL/min) to bubble
diazonmethanie through the sample extract for about 4-5 minutes. Replace
the disposable pipette and place the tip into the vial containing the second
extract. Replace Tube 2 solution after second extract.

11.6.3. 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 minuntes.

11.6.4. Adjust the volume to 10 nil- with hexane. The sample is now ready for gas
chromatography.

1 1.6.5. 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 lOmL
and an aliquot at l OX dilution will be analyzed. The final extract
volume recorded on the laboratory bench sheet will be recorded as
IlOOmL to avoid using the dilution factor field in QuantIMS.

11.7. Exterification by Boron trifluoride (TCLP extracts only).

11.7.1. To the concentrator tube with the extract, add 2 nl- of Boron triflUoride.
Place a two-ball mnicro-Snyder column on the concentrator tube and place
in the Hot-Blok water bath adjusted to 35-400 C for 60 minutes. Remoive
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 '/2 inch - I inch of florisil and sodium sulfate each. Leave about a I

inch gap at the top. Place the extract in the clean-up column and gcntly

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 approximatcly 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.
I11.8 Esterification by Trimethylsilydiazornethane

11.8.2 Exchange the extract into Hexane and concentrate to 2.0 rnls. 200 UL

of Methanol is added to the extract then 100 uL of the

trimethylsilyldiazomethane 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 methylation reaction to proceed. After

I hour, the reaction is halted and the diazomethane removed by the

addition of silicic acid. The extract is then brought up to a final

volume of 1 0.0 mis with Hexane and submitted for analysis.
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Nitrogen

Gass Tbn
4-ubber Stopper

Collection

0

Tubel1 Tube 2

12. DATA ANALYSIS AND CALCULATIONS

12.1. Not applicable

13. METHOD PERFORMANCE

13.1. Refer to CORP-GC-OOO I [or details of method performance.

14. POLLUTION PREVENTION
14. 1. Refer to Section 14 offthe main body of this SOP.

15. WASTE MANAGEMENT
15. 1. Refler to Section 15 of the main body of this SOP.
15.2. The following waste streamns are produced when this method is carried out.

1 5.2. 1. Aqueous acidic waste. These wastes are disposed of in the liquid-liquid
separation unit

15.2.2. Non-hazardous sodiumn 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, UpdatelIlI,

December 1996, Chlorinated Herbicides, Method 815 1 A.

17. MISCELLANEOUS

17.1. Modifications from Reference Method

1 7. ..1. Directions to add sufficient reagent water to the soil sample so that the pH

can be measured have been added (Section 11.5.2)

17.1.2. The bubbler esterification method uses methanolic KOH in place of the

aqueous KOH / carbitol mixture recommended in method 8150B. This has

been found to provide a more effective and reliable esterification.

17.2. Modifications from previous revisions

1 7.2. 1. References have been updated

17.3. Tables

Table Al

Herbicide Surrogate Spikin Souins

Surrogate Spike
Solution ID Volume (rnL)

Analyte GroerbciesWaer1.

Herbicides Herbicides Soilr 1.0

Table A2

Herbicide Matrix Spike and LCS Solutions

Matrix Spike

Analyte Group Solution ID Vlm(mL)

Herbicides Herbicides MS-Soil 1.0

Herbicides Herbicides MS-Water 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

1 1~~~~~~~Methanol

'The surrogate is spiked as the free acid

Table A4

____________ Herbicide Matrix Spike Compon ents
Type ~~Compounds' Compounds Water/Soil TCLP

Type ~~~~~~Solvent Cone. only

(Ug/ml-) Cone.
_____ ____ _____ _ __ _____ ___ _____ ____ (Lg/m L)

Herbicides MS 2,4-fl Methanol 16 2

2,4-DB1 16 2

2,4,5-TP (Silvex) 4 0.5

[Dalapon 8

Di camnba 8

______ ______ Dichloroprop [_ _ _ _ _ 1 6 j
Dinoseb jj 2.5 J 0.3

2,4,5-T 4 0.5

MCPA 1600

MCPP 1600

Pentachlorophecnol 2

The herbicide spiking Solution contains the herbicides as the frece acids.
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Extraction of Aqueous Samples

Measure weight or Add 17 mL : sulfric
volume of sample and acid. Shake and check
transfer to a separatorpHi<2

funnel

Ad O20 Nat Add 120 ml- diethyl

ether and extract by
shaking. Collect the

ether phase

include herbcieNo

Repeat th extraction
Yes ~~~~~~~~~with 2 x 60 mL diethyl

ether

Hydrolysis: Ad 7mL
NaOH to sample and

shake. Check pH > 12.
Leave for 2 hr. Proceed to dyng an

cncentration

Add 60mL ekan
shake oetat

DiscardteMC

Repeat extraction
twice more, discarding

MeCI 2
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Extraction of Soils and Sediments

Weigh the soil into a yt ss
glass beaker. Acidify 3%KHad3 l

with HCI wtrt h xrc

Add 60g sodium
sulfate to dry the e

sample

Yes~ ~ ~ ~~xrc tmswt
Sike as necessary, MeC t Discardthe
then add 100 ml-MC2Dicrth
MeCI 2/Acetone eL

Sonicate for 3 minutes

Adust the pH to <
with 1:1 sulfuric ai

Extract once with 40
mL ether and twice

No ~~~~~~~~~~~~with 20 mL- ether. Saye
the ether phase

Extract 3 times with Acidify to pH < 2 and
basic extraction fluid. ____ extract 3 times with ~ Proce~ed to drying an(sec 11 4) Discard thediethyl ether. Save the cocetrtion

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 some Ajs ofnlvlm
sodium sulfate remains Adjus to fina voum
free flowing Leave for aayi

at least two hours

Trase toa KDor
turboa Cncentrate

to25mL

Cncentrate to
approximnately 1 mL on
a nitrogen evaporation

apparatus.
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SCOPE AND APPLICATION

1. 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 MCAWW 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 permanganate 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,
instrumnentation and volume of sample used.

1.4. Method 7470A is applicable to the preparation and analysis of mercury in ground water,
aqueIouIs samples, TCLP, and other leachates/extracts. Certain solid and sludge type
wastes may also be analyzed, however Method 7471A (see CORP-MT-0007NC) is
usually the method of choice. All matrices require sample preparation prior to analysis.

1.5. Method 245.1 is applicable to the determination of mercury in drinking, surfirce and saline
waters and domestic and industrial wastes. All matrices require sample preparation prior to
analysis.

1 .6. The STL North Canton reporting limit for mercury in aqueous matrices is 0.0002 mg/L
except for TCLP or SPLP leachates for which the reporting limit is 0.002 rng/L.

2. SUMMARY OF METHOD

2.1. This SOP describes a technique for the determination of mercury inl 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 sulfuric and nitric
acids. Organic mercury compounds are oxidized with potassium permanganate and
potassium persulitet and the mercury reduced to its elemental state with stannous chloride
and aerated from solution in a closed system. The mercury vapor passes through a cell
positioned in the light path of an atomlic absorption spectrophotometer. Absorbance is
measured as a function of mercury concentration. Concentration of the analyte in the
sample is determinend 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 determinied on an unfiltered sample following digestion.

4. INTERFERENCES

Chemical and physical interferences may be encountered when analyzing samples using this method.

4.1. 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
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 permanganate (as much as 25 nl-) because, during the

oxidation step, chlorides are converted to free 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 hydroxylamine
reagent (25 ml) and purging the sample headspace before stannous chloride is added.
Both inorganid and organic mercury spikes have been quantitatively recovered from
seawater using this technique.

Note: Sufficient addition of permanganate 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 mercury will be low.

4.6. The most common interference is laboratory 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. 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 that have been contaminated will be removed and discarded; other gloves will be
cleaned immediately.

5.3. Thie Ibilowing 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 thre primary hazards listed in the MSDS for each of tile materials
listed in thre table. A complete list of materials used in the method can be found in the
reagents and materials section. Employees must review the infonnuation inl the MSDS for
each material before using it for the first time or when there are major changes to thle
MSDS.

Material (I) Hazards Exposure Limit Signs and symptoms of exposuire

Sulfuric Acid Corrosive I Mg/M3-TWA Inhalation produces damaging effects on the
mucous membranes and upper respiratory tract.

Oxidizer Symiptomrs maty include irritation of the nose and
throat, and labored breathing. Symptoms of redness,

Dehydrator pain, and severe burn can occur. Contact can cause
blurred vision, redness, pain and severe tissue

Poison burns. Can cause blindness,

Nitric Acid Corrosive 2 ppim-TWA Nitric acid is extremely hazardous; it is corrosive,
reactive, an oxidizer, anti a poison. Inhalation of

Oxidizer 4 ppmn-STEL vapors can cause breathing difficulties andi lead to
____ ___ ___ ___ _ ____________ __ ___ ___ ___ ___ pnecUmronia and pulmonary edemna, which inay 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 eye damage

Hydrochloric Corrosive 5 PPM-Ceiling Inhalation of vapors can cauise coughing, choking,
Acid inflammation of the nose, throat, and upper

Poison respiratory tract, and in severe cases, pulmonary
edema, circulatory failure, and death. Can cause
redness, pain, and severe skin bums. 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 ouiter
skin layer. Diluted solutions are only mildly irritating
to the skin. Eye contact with crystals (dusts) and
concentrated solutions causes severe irritation,
redness, and blurred vision and can cause severe
damage, possibly permanent.

Mercury (1,000 Oxidizer 0 1 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
eye damage.

Oxidizer None Causes irritation to the respiratory tract. Symptoms
may include coughing, shortness of breath. Causes

Potassium irritation to skin and eyes. Symptoms include
Persul fate 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 fume 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 Hg lamp. The UV light that these lamps radiate is
harmful to the eyes.

5.7. Cylinders of comnpressed 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 apparfatuIs must be properly vented to remove potentially harmful fumes
generated dUring 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 Speetrophotometer 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
radiati on.

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 1 L/min.

6.2.5. Recorder or Printer.

6.2.6. Aeration Tubing: A straight glass flrit 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 'C above
room temperature. Other drying devices that achieve the same purpose are also
acceptable (i.e., Gortex filter).

6.3. Soz. 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 CuIPS or tubes.
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7. REAGENTS AND STANDARDS

7.1. 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 ppmi) mercury standards (in I0% 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 anr 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 ml- with reagent water. The working mercury standard must be made
daily andinmust beprepared in amatrixof 0.15% HN0 3. This acid (15OuLdof concentrated
H-N0 3) must be added to thenfask/bottle before the addition of the stock standard aliquot.

7.4. The calibration standards listed in 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 aliquots of the working
mercury standard into I100 rL- flasks and diluting to volume with reagent water.

7.5. Thre initial calibration verification standard must be made from a different stock solution than
that of the calibration standards.

7.6. Refer to Table I (Appendix A) fbr 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 (l-1N0 3), concentrated, trace mnetal grade or better.

7.8. Sulfuric acid (H 2SO, concentrated, trace metal grade or heifer.

7.9. Stannous chloride solution: Add 50 g of stannous chloride and 25 niL of concentrated
hydrochloric acid to a 500mL volumeritric flask and bring to volume with deionized water.

7. 10. Sodium chloride-hydroxylamine hydrochloride solution: Add 240 g of sodium chloride and
240 g of hydroxylamine hydrochloride to every 2000 rnL 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 persuffate, 5% solution (w/v): Dissolve I100 g of potassium persulfate for every
2000 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 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 11 (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. MDI-s 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.
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9.1.2. Initial Demonstration Study - This requires the analysis of four QC cheek samples.
The QC check sample is a well-characterized laboratory generated sample used to
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 batch is a group of no greater than 20 samples excuding QC
Samples (LCS, Method Blank, MS, MSD) which arc processed similarly, with respect to
the procedure. All samrplesetups must be initiated within a 24 hour period from the initial
preparation or extraction and without intemiuption of the process. All samples witin the
batch must be treated with the same lots of reagents and the same processes. In some
cases, at client request, it may be appropriate to process a matrix spike and sample
duplicate iii place of the N4SIMSD. 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.
The method blank consists of' reagent water containing all reagents specific to the method
that is canried 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
fialse positive data. The method blank should not contain any analyte of interest at or above
the reporting limit or at or above IO% 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).

* Reprcparation and reanalysis of all samples associated with anl 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 he
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 be addressed in the project narrative.

9.4. Laboratory Control Sample (LCS) - One aqueous LCS must be processed with each
preparation batch. 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
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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 <
RL, 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 unless 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 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. 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/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/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.

9.6. Initial Calibration Verification (ICV/ICB) - Calibration accuracy is verified by analyzing a
second source standard (ICV). The [CV 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,
the problem corrected and the instrument recalibrated. (See Section 1 1.2.8 for required run
sequence). If the cause of the ICV or ICB failure was not directly instrument related the
corrective action will include repreparation of the [CV, 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 I10
samples. The CCV must be a mid-range standard at a concentration other than that of the
ICV. The CCV result must fall within 20% of the true value for that solution. A CCB is
analyzed immediately following each CCV. (See Section 11.2.8 for required run sequence.)
The CCR result must fall within +1- RL from zero. Each CCV and CCB analyzed must
reflect thieconiditionisof analysis of all associated samiples. Sample results may only be
reported when bracketed by valid ICV/CCV and ICB/CCB pairs.

9.8. Detection Limit Standard (CRA)-To veriify linearity at the reporting limit, a CRA standard is
run at the beginning of each sample analysis run afler the ICV/ICR. 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 I 1.2.8 Ibr 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 interfercut that may enhance or depress the analyte signal, thus
producing a different slope from that of the calibration standards. [t will not correct for
additive interferences, which cause a baseline shift. Refer to Section 1 1.2.9 for additional
information 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 IL1.1

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 performted 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 uip 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
mInimoumn of five standards and a blank. One standard must be at the STL North Canton
reporting limit. Analyze standards in asccnding order beginning with the blank. Refer to
Section 7 and Table I for additional infonmation onl 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 canl 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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1I. PROCEDURE

II .1. Sample Preparation:

II .1 . . All calibration and calibration verification standards (ICV, 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 I10.0 mL aliquots of the working standard (7.3) into a
series of 100 ml class A volumeitrics, 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 I100 nmL 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
canl be obtaincd and the reagent levels are adjusted to maintain the same
sample to rcagent 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 niL of concentrated F12S04 and 2.5 mL of concentrated l-1N0 3 mixing
after each addition.

11.1.4. Add 15 nL- of potassium11 perniarnganate solution. For samples high in organic
materials or chlorides, additional permanganate may be added. Shake and add
additional portions of permtanganate solution until a purple color persists for at
least 1 IS inutes. If alter the addition of up to 25-mL additional permnanganate
thle color does not persist, sample dilution prior to reanalysis m~ay be required.

Note: When perforining analyses using automated vs. manual techniques the
sample dilution resultant from the addition of more than the original aliquot
of permnanganatc solution must be compensated for by thle addition of the
same voIlume1 of pennilanganate: to all other associated samples and
standards in the rin. In instances, where this is not feasible, the addition
of excess reagent can be addressed through mathematical correction of
thle results to account for the resultant dilution effect.
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11.1.5. Add S nt.of potassium persulfate solution and heat for two hours in awater bath
at 90 - 95 'C.

11.1.6. Cool samples.

11.2. Samnple 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 tnt of sodium chloride-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-mt. increments until the permanganate is completely reduced.

11 .2.3. Automated determination: Follow instructions provided by instrumrent
manufacturer.

11.2.4. Perform a linear regression analysis of the calibration standards by plotting
maximum response of the standards vs. concentration of mercury. Determine 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
ICV
ICB
CRA
CCV
CCB
10 samples
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CCV
CCB
Repeat sequence of 10 samples between CCV/CCB3 pairs as required to

complete amn.
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, full four point MSA will be required if all of the following
conditions are met:

1) recovery of theanalyte in thec matrix spike is not at least 50%,

2) the concentration of the analyte does not exceed the regulatory level, and,

3) the conicentration ofthe 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 13 provides guidance on perforning MSA analyses.
For TCLP mercury determiinations, MSA spikes must be added prior to sample
preparation.

11.3. To facilitate the early identification of QC failures and samples requiring rerun 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 contamnination of
samples and standards, preventive maintenance and troubleshooting.

11.5. Analytical Documentation
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II 1.5. 1. Record all analytical information in the analytical logbook/logsheet which may be in
an electronic formnat, 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 departmcnt standard logbook. All standards are
assigned an unique number for identification. Logbooks arc revicwed by the
supervisor or designee.

1. 5.3. Documnentation 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.

I 1.5.4. 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 docunented 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:

% R -OIO(Found(ICV)~
K True( ICV))

12.2. CCV percent recoveries are calculated according to the equation:

%R=00~Found(CCV))
K True(CCV))

12.3. Matrix spike recoveries are calculated according to the following equation:
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%R. =I IO(SSR - S)

Where:
SSR = Spike Sample Result
SR = Sample Result

SA = Spike Added

12.4. The relative percent diffierence (RPD) of matrix spike/matrix spike duplicates or sample
duplicates are calculated according to the following equations:

RPD= 101 I MSD -MASIjL CISD+ M
Where:

MS = determined spiked sample concentration
MSD = determined matrix spike duplicate concentration

RPD =IOOL DUl- DU2 1
DU[ ; DU29

Where:
DU I = Sample result

DU2 = Sample duplicate result

12.5. The final concentration for an aqueous sample is calculated as follows:

ng/L = C x D

Where:
C = Concentration (ng/l-) from instrument readout
D = Instrument dilution fiactor

12.6. The LCS percent recovery is calculated according to the following equation:
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%R=--100( Found(LCSV1
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 significant figures in accordance with the

STh 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 +/- 25 % and the matrix spike duplicates should compare within 20%
RPD. The method blanks must meet the criteria in Scction 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.

15.3. 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

16.1I. References

16. I .1. Test Methods for Evaluating Solid Waste, Physical/Chemuical Methods, SW-846,
3rd Edition, Final Update 11, Revision 1, September 1994, Method 7470A
(Mercury).

16.1I.2. "Methods for the Chemical Analysis of Water and Wastes", EPA-600/4-79-020,
U.SEPA, August 1983, Method 245.1I

16.1.3. U.S.EPA Statement of Work for Inorganics Analysis, ILM03.0 and ILMO4.O.

16.1I.4. Corporate Quality Management Plan (QMP), current 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 1 4.

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.

16.2.6. Preparation and Analysis of Mercury in Aqueous Samples by Cold Vapor Atomic
Absorption, Method 245.1 CLP-M, SOW ILM03.0 and SOW ILM04.0 SOP,
CORP-MT-0OO6NC, current version.

17. MISCELLANEOUS (TABLES, APPENDICES, ETC...)

1 7. 1. Modifications/Interpretations from reference method.

1 7. 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
reagent water with a purity equivalent to ASTM Type II 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 EMISL-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 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
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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 ugIL, to the
nearest whole number. 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 (MGIL)

Standard Aqueous RL 0.0002

TCLP RL 0.002

Sale0 0

Sadl1/CRA 0.0002

Std 2 0.0005

Std 3 0.001

Sid 4 0.005

Sid 5 0.0 10

ICV 0.0025

LCS/CCV 0.005

AqueCous MS 0.001

TCLP MS 0.005
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TABLE II. Summary Of Quality Control Requiremet __________

QC PARAMETER FREQUENCY ACCEPTANCE CORRECTIVE ACTION
_____ ____ ____ _ __ ____ ____ ____ CRITERIA _ _ _ _ _ _ _ _

ICV Beginning of every 90-1 10 % recovery. Terminate analysis;
analytical run. Correct the problem;

Recalibrate or reprep with
calibration curve. (See

____ ____ ____ ____ ____ Section 9.6).

ICB Beginnig 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 run 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 criteria section.
acceptable.
Samples for which the See Section 9.3 for
contaminant is < RL do additional requirements.
not require redigestion

____ ____ ____ ____ ____ ____ ____ ____ ____ ____ (See Section 9.3).
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TABLE II. Summar 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 (sec
Section 9.4).

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
9.5)

For TCLP see Section

Matrix Spike See Matrix Spike 75 - 125 % recovery or in- Sec Corrective Action
Duplicate house control limits 'RPD < for Matrix Spike.

____ ___ ___ ___ _ __ ___ ___ ___ ___ 20% . (See M S) _ _ _ _ _ _ _ _ _ _
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APPENDIX B

MISA GUIDANCE
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APPENDIX B. MISA 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 100% 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 absorbanee (or response) of each solution is
determincd 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
absorbanee, the point of interception of the horizontal axis is the concentration of the unknown. Calculate
the correlation coefficient (r) and the x-intercept (where y-0) of the curve. The concentration in the

digestate is equal to the negative x-interccpt.

Figure I

Cone. of Addn 0 Addn I Addn 2 Addn 3

Sample No Addn Addn of 50% Addn of I100% Addn of 150%

of Expected of Expected of Expected
A ,,,....* 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
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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 CLIP
Incorrectly made standards
Gas leak
EDL power Supply set on "Continuous"

Erratic Readings Source lamnp not aligned properly
Lamp not prewarnmed
lInection tip partially clogged
Contaminmated reagents
Contaminated glassware
Drying tube saturated
Bad lamp
Injection lip hilttinlg Outside Of tube
Injection tip coated or not set properly
Leak in samTple tubing
Power fluctuations

____ ____ ___ ____ ___ ____ ___ ____ ___ Air bubbles in tubing

EDL Won't Light Lamp cable not plugged in
Lamp power set at 0
Lamup is dead
Power supply fuse is blown
Short in cord

Standards reacting twice or half Incorrect standard used
nonial absorbance or concentration Incorrect dilution performed

Dirty cell

Background Correction Light Blinking Background screen or atternuator faulty
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APPENDIX D

CONTAMINATION CONTROL GUIDELINES
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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 1:1I 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 gloves must not be used in the metals laboratory since the powder contains silica
and zinc, as well as other metallic analytes. 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 arnalytes.

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 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 Absorption (Leeman PS 20011)

Daily As Needed

Check nitrogen Flow. Check Hig lamip intensity.

Cheek tubing. Clean lens.

Check drain. Check apertUre.

Replace drying tube.

Changec Fig lam11p.

Check Iq gUid/gas separator.
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Hg Analysis (Leeman PS20011)

SYSTEM INITIALIZATION AND WARM UP

FI.F Menu

2. Instrument

a. TASKMASTER

b. #4 Wake System Up Enter

The warming uip period takes approximately 1 0 minutes.

TO SET UP INSTRUMENT FOR ANALYSIS

I. Fl Menu

2. Autosamnpler

A. Rack Entry

B. Fiji t (ex. Rack 1), Enter

C. CLIP ID - Enter (clearsd sample H's)

D. Extended ID- type in matrix of saniple(watermo solial), Enter

E3. Press Insert Key and move cursor withr arrows to CuIP ID and begin

typing labels.

F. 15 Print Screen

3. Press F2 Macro key and typec in analyst's First name - Enter

A. Enute folder nagme - ex. HG0306, Enter If folder does not exist,

iype Y - Enter.

B Type in - 'Rack I", "Rack 2" etc. , Enter.

C. Type in: FROM CUP TO CUP

Ex. = I 30

Do thie same for position 2 if needed If not needed, you must press Enter 3 times to begin analysis.
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APPENDIX IN T UM NTS T-P.......G....--INSTRUM..........ENT..............SET-UP.............. 4...4

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 Spectroseopy (CVAA) using SW-846 Method 747 1 A
and MCAWW Method 245.5.

1 .2. The associated LIMs method code is 09.

1.3. CVAA analysis provides for the determination of total mercury (organic and inorganic).Th
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. M~ethods 747 1A and 245.5 are applicable to the preparation and analysis of mercury in
soils, sediments, bottom deposits, wastes, wipes and sludge-type materials. All matrices
require sample preparation prior to analysis.

1.5. The SIL 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

2.1I. 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 ran 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
and 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 determined by comparison of the sample absorbance to the 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.

4.1. Potassium permanganate which is used to breakdown organic mercury compounds also
eliminates possible interferences from sulfide. Concentrations as high as 20 mg/I. 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
mng/L had no effect on the recovery of mercury from spiked samples.

4.3. Chlorides can cause a positive interference. Samples high in chlorides require additional
penrmanganate (as much as 25 rnl-) because, during the oxidation step, chlorides are
converted to free 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 hydroxylarmine reagent (25 mnL) and purging the
sample headspace befbire stannous chloride is added. Both inorganic and organic mercury
spikes have been quantitatively recovered from seawater using this technique.

Note: Sufficient addition of pcmmanganate is apparent when the purple color persists at
least ISmninuteCs. 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 determiine if this type
of interference is present. While the possibility of absorption from certain organic
substances present iii 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 thre sample can be dectenmined by Subtracting the result of the
sample run without the reducing reagent (stannous chloride) from that obtained with the
reducing reagent.

4.5. Samples containing high concentrntions of oxidizable organic materials, as evidenced by high
COD levels, may not be completely oxidized by this procedure. When this occurs the
recovery of mercury will be low. The problem can be eliminated by reducing the Volume Of
original sample used.
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4.6. The most common interference is laboratory 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 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 fuilly 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, nitric acid and sulfuiric acid.

5.3.2. The following materials are known to be oxidizing agents:

nitric acid, potassium permanganate, potassium persulfate and magnesium
perchlorate.

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 of 0.1I M KMnO4 and I10% H2S0 4, or

5.3.3.2. Iodine, 0.25%, in a 3% KI 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 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. 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 beami of the 1-Ig lamp. The UV light that these lamps radiate is
harmnful 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 be located outside the
laboratory and the gas led to the instmument through approved lines.

5.8. The CVAA apparatus must be Properly vented to remove potentially harmful fumeis
generated during sample analysis.

6. EQUIPMENTAND SUPPLIES

6.1. Temperature controlled water bath (capable of maintaining temperature of 90- 95 0 C).

6.2. Atomic Absorption Spectrophotoineter equipped with:

6.2.1I. 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 ([[CL) or electrodeless discharge lamp
(EDL).



877 S1b
PREPARATION AND ANALYSIS OF MERCURY JN SOLID SOP No. CORP-MT-0007NC
SAMPLES BY COLD VAPOR ATOMIC ABSORPTION, SW-846 Revision No. 2.4

Revision Date: 10/28/02
Page 7 of 42

6.2.3. Peristaltic pump which can deliver 1 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 (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., Gortex 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 volumietric 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 (I0 ppm) mercury standards (in IO% HNO3) are purchased as custom STL North
Canton solutions. All standards must be stored in FF1' fluorocarbon or previously unused
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polyethylene or polypropylene bolltles. 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 mL with reagent water. The working mercury standard must be made
daily and must be prepared in amatrix of 0.15% HN0 3. This acid (150uL of concentrated
HNO 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 I10.0 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 I are maintained. For example, automated
mercury systems do not rcquire I100 mL of standard and therefore smaller volumes
may be generated to reduce waste generation.

7.5. The initial calibration verification standard must be made from a different stock solution than
that of the calibration standards.

7.6. Refer to Table I (Appendix A) for dctails 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 (l-1NOA concentrated, trace metal grade or better.

Note: If a high reagent blank is obtained, it may be nccessary to distill the nitric acid.

7.8. Sulfuhric acid (Fl-lS04, concentrated, trace metal grade or bcttcr.

7.9. Hydrochloric acid (HCI), concentrated, trace metal grade or better.

7. 10. Aqua Regia: Prepare immediately before use by carefully adding three volumes of
concentrated I-ICI to one volume of concentrated l-1NO3.

7.11. Stannlous sulfate solution: Add 25 g of stannous sulfate to 250 rrL of 0.5 N sulfuric acid.
This mnixture 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 chionide 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 1 00 ml. of reagent water.

Note: Hydroxylamine sulfate may be used in place of hydroxylamine hydrochloride.

7.13. Potassium permanganate, 5% solution (w/v): Dissolve 5 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 collction to the time of sample
analysis.

8.2. Soil samples do not require preservation but must be stored at 40 C ± 2' C until the time of
analysis.

9. QUALITY CONTROL

Table fl (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 7471 IA or the 245.5, 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 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 STL 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. I. 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 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 specif~y specific samples for MS/MSD, the batch may
contain nmultiple MS/MSD pairs.

9.3. Sample Count - Laboratory generated QC samples (method blanks, LCS, MS/MSD) are
nlot included in the sam ple count for detecmiining thre size of a preparation batch.

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. The method blank Should not contain any analyte of interest at or above
thle reporting or at or above 5%1 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 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 thle 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.

* lIfthe 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 and
the client must be notified.

9.5. Laboratory Control Sample (LCS) - One aqueous LCS must be processed with each
preparation batch. Thre 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



877 922
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 I11 of 42

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 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 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 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 detenriine 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 70 - 130 % recovery and 20% RPD must be applied to the
MS/M4SD. 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/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 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,
the problem corrected and the instrument recalibrated. (See Section 1 1.2. 10 and Section
1 1.2.1 1 for required run 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 thle calibration Curve.

9.8. Continuing Calibration Verification (CCV/CCB) - Calibration accuracy is monitored
throughout the analytical run through the analysis of a known standard after every I0
samples. The CCV must be a mid-range standard at a concentration other than that of the
ICy. The CCV result must fall within 20% oIfthe true value for that Solution. A CCB is
analyzed immediately following each CCV. (See Section 1 1.2. 10 and 1 1.2.1 1 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 for a sample interferent that may enhance or depress the anialyte signal, thus
producing a different slope from that of the calibration standards. It will not correct for
additive interferences which cause a baseline shifi. Refer to Section 1 1.2.12 for additional
information on when frill 4 point MSA is required as well as Appendix C for specific MSA
requirements.

10. CALIBRATION AND STANDARDIZATION

10. I. Calibration standards Must be processed through the preparation procedure as described in
Section 1I. 1.

10.2. Due to the differences in preparation protocols separate calibration and calibration
verification standards mnust 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 instrament 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 7.5 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.

11. PROCEDURE

I11. 1. Standard and Sample Preparation:

11 .1 .1. All calibration and calibration verification standards (ICV, ICB, CCV, CCB) arc
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 10.0 mnL aliquots of the working standard
(7.3) into a series of sample digestion bottles. For the ICy, 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 1L1..5 below.

11.1.4. Transfer triplicate 0.2 g portions of a well mixed sample into a clean sample
digestion bottle. Add IlOmE of reagent water to each standard bottle. Continue
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preparation as described under H1.1.5.

11.1.5. Water Bath protocol:

11.1.5.1. To each standard bottle: Add 5 mL of aqua regia.
Toceach sample bottle: Add 10mL of reagent water and S rL

of aqua regia.

11.1.5.2. 1 [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 rnL of potassium permanganate solution.

11.1.5.5. bleat for 30 mninUtes Ill the water bath at 90 - 95 0C.

11.1.5.6. Cool.

11.1.5.7. Add 6 nl- of sodium~l chloride-hydroxylaminen sulfate solution to
reduce the excess per-maniganate.

11.1.5.8. To each standard bottle: Add SO mnL of' reagent water.
To each sample bottle: Add 50 n-L of reagent water.

H1.1.5.9. Continue.1 as described tinder Section 11.2.

11.2. Samiple Analysis:

11.2.1. BecauIse of di fferences between various makes and models of CVAA
instrumentation, no detailed operating instructions canl be provided. Refer to the
facility specific instrument operating SOP and the CVAA instrument manual for
detailed setup and operation protocols.

11.2.2. All labs are required to detail the conditions/programs utilized for each instrument
within the facility specific instrument operation SOP.

11I.2.3. Manual determination:

1 1.2.3. 1. Treating each sample individually, Purge the head space of the sample
bottle for at least one m1inlUte.
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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/min flow). Monitor the sample absorbance
during aeration. When the absorbance reaches a maximum and the

signal levels off, open the bypass valve and continue aeration until the
absorbance 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 determination: Refer to Appendix 0 for instrument 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
conccntration 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.

11.2.6. 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 .2.7. 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. The following analytical sequence must be used with 7471 A and 245.5:

lnstmument Calibration
ICV
lCB
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Maximum 10 samples
CCV
CCB
Repeat sequence of 10 samples between CCV/CCB pairs as required to
complete rnn
CCV
CCB

Refer to Quality Control Section 9.0 and Table 1I (Appendix A) for quality
control criteria to apply to Methods 747 1 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 747 I A, CLP' and 245.5 and may
be used as an alternate to the sequence in 1 1.2. 10. This run sequence is
recommended if mnUltiple method requirements must be accommodated in one
analytical run:

Instrument Calibmation
ICV
ICB
CRA*
CCV
CC B
10 sampl es
CCV
CCB
Repeat sequence of I0 samples between CCV/CCB 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 inl'onnation on the CRA.
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1 1.2.12. For TCLP samples, fuill 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 be added prior to sample preparation.

11.3. To facilitate the early identification of QC failures and samples requiring rerun it is strongly
recommended that sample data be reviewcd 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 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.

11.6. Any unauthorized deviations from this procedure must also bedocumented 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:

%R = lOOK Found(JCV)"
( True(ICV))

12.2. CCV percent recoveries are calculated according to the equation:

%R lO0n Found(CCV)"1
KTrue(CCV))

12.3. Matrix spike recoveries are calculated according to the following equation:
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%R= IOO(SSR - SRJ

Where:
SSR = Spike Sample Result
SR = Sample Result
SA = Spike Added

12.4. The relative percent difference (RPD) of matrix spike/mnatrix spike duplicates or samrple
duplicates are calculated according to the following equations:

RPD = 100 I MSD -MASj[CMSD± MKJ
Where:

MS = determined spiked sample concentration
MSD = determined miatrix spikc duplicate concentration

RPD =l00[ DUI -DU2j1[CDU]I; DU2 jj

Whcrb:
DU I = Sample result
DU2 = Sample duplicate result

12.5. For automated determinations, the final concentration determnined in solid samples when
reported on a dry weight basis is calculated as follows:

mng/kg, dhy wreight = (C x V x D)/(W x 5)

Where:
C = Concentration (ug/L) firomi instrumenrt readout
V = Volume of digestatc (L)
D = Instrument dilution factor
W = Weight in g of wet sample digested
S = Per-cent solids/10O
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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, drty weight = (C)/(W x 5)

Where:
C = Concentration (ug) from instrument readout
W -Weight in g of wet sample digested
S Percent solids/lOG0

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:

= Found(LCS)"
K Trzue( LCS))

12.8. Sample results should be reported with up to three significant 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 9.1.

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/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.
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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. 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. I .I. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846,
3rd Edition, Final Update II, Revision I, September 1994, Method 7471IA
(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 hiorganics Analysis, ILMO3.0 and 1N4L04.0.

16.1I.4. Corporate Quality Management Plan (QMP), cuirent version.

16.2. STL Laboratory Quality Man[ual (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-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-00 16

17. MISCELLANEOUS (TABLES, APPENDICES, ETC. .. )

17.1. Modifications/Interpretations from reference method.

17. 1. 1. Modifications from both 7471A and 245.5.

17.1.1. 1. A potassium persulfate oxidation step has been included to facilitate the

breakdown of organic mercurials which arc not completely oxidized by

potassium permanganate. Use of potassium persulfate in combination

with the permanganate improves the recovery of mercury from organo-

mercury compounds. The use of persulfate has been incorporated in

several recent EPA mercury protocols.

17.1 .1I.2. The alternatc run sequence presented in Scction 1 1.2.1 1 is consistent

with method requirements. An additional QC analysis (CPA) was

added to accommodate the CLP protocol requirements.

17.1.2. Modifications from Method 747 1 A

17.1.2.1. Chapter 1 of SW846 specify the use of reagent water with a purity

equivalent to ASIM 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.

17.1.2.2. 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. l ug; above 1 0 ug/g, to the nearest ug.
STL North Canton reports all Hg results under this SOP to two
significant figures.

17.2. Modifications from previous SOP

1 7.2. 1. Section 1.4 reporting limit changed form 0.1I mg/kg based on a 0.2 g to 0.3 mng/kg
based on 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 shall attach a list of facility specific SOPs or approved attachments (if
applicable) which arc required to implement this SOP or which are used in conjunction with
this SOP. 11' no facility specific SO1's or amendments are to be attached, a statement must
be attached specifying that there are none. Refibr to the Appendices for any facility specific
information 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 instrument printout)

* Run11 log printout from instrument soliware where this option is available or manually
generated run log. (A bench sheet may be substituted for the mun log as long as it
contains an accurate representation of the analytical sequence).

• Data review checklist - See Appendix B

* Standards Documentation (Source, lot, (late).

* Copy of digestion log.

Non-conformnance 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. I

Std 0 (mg/L) 0

Std I (mg/L) 0.0002

Std 2 (mng/L) 0.0005

Std 3 (mg/L) 0.001

Std 4 (rng/L) 0.005

Std 5 (mg/L) * 0.0 10

ICV (mng/L) 0.001 or 0.0025**

CCV/LCS (ingIL) 0.0025 or 0.005**

MS (rng/L) 0.001

* 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 be eliminated in favor of the 10 ppb standard.

**Concentration level dependent on high calibration standard used. CCV must be 500%1 of the
high standard concentration and the ICV must be 20-25%, of the high standard concentration.
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TABLE 11. Summary Of Quality Control Requirements

QC PARAMETER FREQUENCY * ACCEPTANCE CORRECTIVE ACTION
CRITERIA ________

ICV Beginning of every 90-1 10 % recovery. Terminate analysis; Correct
analytical run. 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 ICy, 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 up 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 I11.2.10 and 1 1.2.1 1 for exact run sequence to be followed.
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TABLE IL. Sumnmar of Quality Control Requirements (Continued) __________

QC PARAMETER FREQUENCY ACCEPTANCE CRITERIA CORRECTIVE
____ ____ ____ ___ ACTION

Laboratory Control One per sample Aqueous LCS must be within Tenninate 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,
uip 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
_________________ I l~~~~~~~~~~~.3.12

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

EXAMPLE
STL NORTH CANTON Hg DATA REVIEW CHECKLIST
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Example
STL North Canton Hg Data Review Checklist

Run/Prolect Information

Run Date: ______ Analyst:____________Instrument:________
Prep Batches Run:______________________________________

Circle Methods used: 7470A / 245.1 : CORP-MT-0005 Rev 1 7471/ 245.5 : CORP-MT-0007 Rev I
CLP' - AQ : CORI'-MT-0006 Rev 0CLP -SOL : CORP-MT-0008 Rev 0

Review Items
A. Calibration/Instrument Run QC Yes No N/A 2ndllevel
I. Instrument calibrated per manufacturer's instructions and at SOP

specified levels ?
2. ICV/CCV analyzed at appropriate frequency and within control limits?
3. ICB/CCB analyzed at appropriate frequency and within +/- RL or +1- CRDL

(CI'P)?
4. CRA run (CLP' only)?
B. Sample Results
I. W~ere samples with concentrations > the high calibration standlard diluted

and reanalyzed?
2. All reported results bracketed by in control QC ?
3. Sample analyses done within holding time?
C. Preparation/Matrix QC
I. LCS doiie l)er prep batch and within QC limits ?
2. Method blank done per prep, batch aiid < RI. or CRDI, (CLP) ?
3. MIS run at re uired fre uency and within limits ?
4. MSI) or 111 run at required freouency and RPD within SOP limits?

1). Other
I. Are all nonconformances documented appropriately ?
2. Current IDL/MDL, data on file?
3. Calculations and Transcriptions checked for error ?
4. All client/ project specific requirements met?
5. lDate of analysis verified as correct ?

A"a lyst: ___________________________ Iate: ______________

Comments:

2nd L.evel Reviewer:_________________ Date:__________
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APPENDIX C

MSA 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 the 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 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
determined and a linear regression performed. On the vertical axis the absorbance (or response) is plotted
versusS 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 thle horizontal axis is the concentration Of the unknown. Calculate
the correlation coefficient (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

Absor all ________Conentratiton

Colic, of Addii 0 Addn I Addn 2 Addn 3
Samiple No Addii Addn of 50% Addn of 100%X Addn oft 50%

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 alignied 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 mn 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 perfonned

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 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:

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 sulfuiric 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 are required to ensure that that the instrument is fully operational.

Cold Vapor Atomic Absorption (Leeman PS 200)( )

Daily Semi-annually Annually

Clean lens. Check Hg lamp intensity. Change HQg lamp.

Check aperture. Check liquid/gas separator.

Check argon flow,

Check tubing

Check drain

Replace drying tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Cold Vapor Atomic Absorption (PE 5000) Io

Daily Monthly

Clean aspirator by flushing with DI water. Clean cell in aqua regia.

Check tubing 'and rcplace if needed. Clean aspirator in aqua regla.

Clean windows with methanol.

Change silica gel in drying tube

Check argon gas supply.

Adjust lamp



8 77 95 1
PREPARATION AND ANALYSIS OF MERCURY IN SOLID SOP No. CORP-MT-OOO7NC
SAMPLES BY COLD VAPOR ATOMIC ABSORPTION, SW-846 Revision No. 2.2
METHOD 7471 A and MCAWW METHOD 245.5 Revision Date: 02/06/01
APPENDIX G - INSTRUMENT SET-UP Page 40 of 42

APPENDIX G

INSTRUMENT SET UP



877 952
PREPARATION AND ANALYSIS OF MERCURY IN SOLID SOP No. CORP-MT-0OO7NC
SAMPLES BY COLD VAPOR ATOMIC ABSORPTION, SW-846 Revision No. 2.2
METHOD 7471IA and MCAWW METH-OD 245.5 Revision Date: 02/06/0 1
APPENDIX G - INSTRUMENT SET-UP Page 41 of 42

Hg Analysis (Leeman PS200II)

SYSTEM INITIALIZATION AND WARM UP

1. Fl Menu

2. Instrument

a. Taskmaster

b. #4 Wake System Up Enter

The warming up period takes approximately 10 minutes.

TO SET UP INSTRUMENT FOR ANALYVSIS

I. Fl Menu

2. Autosamnpler

A. Rack Entry

B. Edit (ex. Rack I), Enter

C. Cup ID - 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 P2 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 I", "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 60 l OB and

EPA Method 200.7 . Table I of Appendix A lists the elements appropriate for analysis by

Methods 601 OB and 200.7. Additional elements may be analyzed under Methods 601 OB 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 vary

with the matrices and instrumentation used.

1.3. Method 601lOB 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 before project

initiation. Silver concentrations Must be below 2.0 mg/IL in aqueous samples and 100 mgikg in

solid matrix samples. Precipitation may occur in samples where silver concentrations 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 I11.1I are 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 (60 1083), QM (60108B Trace), AS (200.7), JI

(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. Thle photocurrents 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 tracc 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-0002NC, Acid Digestion of Soils, SW846 Method 30508 and
CORP-IP-0OO3NC, Acid Digestion of Aqueous Samples by SW846 and MCAWW 200
Series Methods for details onl sample preparation methods.

3. DEFINITIONS

3.1. Dissolved Metals: Those elements which pass through a 0.45 LIM 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 detenuined onl an unfiltered sample following vigorous
digestion.

3.4. Total Recoverable Metals: The concentration determiined on anl Unfiltered sample
following treatment with hot, dilute mineral acid.

4. INTERFERENCES

4.1I. Spectral, physical and chemical interference effects may contribute to inaccuracies in the
detenninations of trace elements by lCP. Spectral interferences are caused by:

* Overlap of a spectral line from 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 .1. A background correction technique is required to compensate for variable
background contribution to the determination of trace 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 (lECs) 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-element 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
nebulizer (e.g., viscosity effects), at the point of aerosol formation and transport to
the plasma (e.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 containing 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 technique but if observed can be minimized 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 arc 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 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 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 ~~~~~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 bumts and permanent
eye damage.

Hydrochloric Corrosive 5 ppmn-Ceiling Inhalation of vapors can cause coughing, choking,
Acid inflammation of the nose, throat, and upper

Poison respiratory tract, and in severe cases, pulmonary

edema, circulatory failure, and death. Can cause
redness, pain, and severe skin bums. Vapors are
irritating and may cause damage to the eyes. Contact

_________ ______________may cause severe burns and permanent eye damage.

-1- Always add acid to water to prevent violent reactions

2 - Exposure limit refers to the OSHA regulatory exposure limit.
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5.3. 1. The plasma emits strong UV light and is harmaftd to vision. NOTE: AVOID looking
directly at the plasma.

5.3.2. The RE 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 autosarmpler and
background correction.

6.2. Radio Frequency Generator.

6.3. Argon gas supply, welding grade or equivalent.

6.4. Coolfiow or appropniate water cooling device.

6.5. Peristaltic Pump.

6.6. Calibrated automatic pipettes or Class A glass volumetric pipettes.

6.7. Class A volumetric flasks.

6.8. Autosampler tubes.

7. REAGENTS AND STANDARDS

7.1. Intermediate standards are purchased as custom STh 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 III, 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 (HN0 3), trace metal grade or better.

7.4. Concentrated hydrochloric acid (HCI0), trace metal grade or better.

7.5. Reagent water must be produced by a Millipore DI system or equivalent. Reagent water
must be frece of the analytes of interest as demonstrated through the analysis of method
blanks.

8. SAMPLE COLLECTION, PRESERVATION AND)STORAGE

8.1. Sample holding times fbr metals are six months fromt time of collection to the time of
analysis.

8.2. Aqueous samples are preserved with nitric acid to a pF-I of <2 and may be stored in either
plastic or glass. If boron or silica are to be dtenmniied, plastic containiers arecpreferred.
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 ± 2' until the time of
preparation

9. QUALITY CONTROL

Table VII (Appendix A) provides a summary of quality control requirements including type,
frequency, acceptance criteria and corrective action.

9.1. Initial Demonstration of Capability

9.1.1. Prior to analysis ofaniy analyte using eithier Methiod 200.7or Method 600B, the
Ibllowing requirements must be met.

9.1I.2. Instnrnient Detection Limit (IDL) - The IDL for each analyte must be determined
for each analyte wavelength Lised Ibr each instrument. The IDL must be determined
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annuallx. 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 procedure 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 verified eveiy 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 veriifthe linear range limit must be
analyzed during a routine analytical mun 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 responses from 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 IO% less than the expected level extrapolated from
lower standards. If the instrument is adjusted in any way that may affect the LRs,
new dynamic ranges must be determined, The LR data must be documented and
kept on file.

9.1.5. Background Correction Points - To detenmine 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
from all other method analytes. This spectral informoation must be documented and
kept on file. The location selected for background correction must be either free of
off-line interelernent spectral interference or a computer routine must be used for
automatic correction on all dectermninations. Tests to determine 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 instrnment manual for specific procedures to be used in setting
background correction points.

9.1I.6. Inter-elemrent Corrections (IECs) - ICP interelement correction factors must be
determined prior to the analysis of samples and every six months thereafler. If the
instrument is adjusted in any way that may affect the IECs, the IECs Must be
redetennined. WVhen initially determining IECs for an instmument, wavelength scans
must be performned to ensure that solutions in use are free from contaminants. If an
I EC varies significantly from the previously determined IEC then the possibility of
contamination should be investigated. The purity of the I EC check solution can be
verified by using a standard from a second source or an alternate method (i.e.,
GFAA or !CP-N4S). Published wavelength tables ( e.g. MIT tables, Inductively
Coupled Plasmna-Atomnic Spectroscopy: Prominent Lines) can also be consulted to



8?77 6
INDUCTIVELY COUPLED PLASMA-ATOMIC EMISSION SOP No. CORP-MT-000 INC

SPECTROSCOPY, SPECTROMETRIC METHOD FOR TRACE Revision No. 3.4

ELEMENT ANALYSIS, METHOD 6010B AND METHOD 200.7 Revision Date: 0 1/08/04
Page I11 of 54

evaluate the validity of the IECs. Refer to the instrument manufacturer's
recommendations for specific procedures to be used in setting IECs. An JEC must

be established to compensate for any interelement interference which results in a

false analyte signal greater than ± the RL as defined in Tables I, IA or II. For

elements with a reporting limit 10 ug/L or less, the signal should be ± 2X the RL.

To determine IECs, run a single element standard at the established linear range.

To calculate an TEC, divide the observed concentration of the analyte by the actual

concentration of the "interfering element."

Note: Trace ICP IECs are more sensitive to small changes in the plasma and
instrument setup conditions. Adjustments in the IECs will be required on a
more frequent basis for the Trace as reflected by the ICSA response.

Additional spectral interference is present from easily ionizable elements such

as potassium and sodiumn 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 ICP

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 < RI will define the rinse time for a

particular ICP 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

recommen~tds 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
method 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 met and rcanalysis is not possible, then the sample data
must be qualified. Thiis anomaly must be addressed in the project narrative.

• For dissolved metals samples which have not been digcsted, 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
associated 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 arc provided in Table
Ill (Appendix A). The LCS is used to monitor the accuracy of the analytical process. Onl-
going monitoring of the LCS results provides evidence that the laboratory is perfomiing the
method within acceptable accuracy and precision guidelines.

• If any analyte is outside established control limits the systemn is out of control and
corrective action must occur. Unless in-house control limits are established, a control
limit of 80 - 1200% 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 must 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 inl
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 immnediately 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 cach 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 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 [II 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 60 lOB, 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/N4SD results which fall outside the

control limits must be addressed in the narrative.

* If the native analytc concentration in the MS/MSD exceeds 4x the spike level for that
analyte, the recovery data are reported as NC, N4SB (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. See 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 muatrix 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 significanit 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 I10%, 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 ([CV). For analyses conducted under Method 200.7, the ICV
result mtust fall within 5% of the true value for that solution with relative standard deviation
<3% from replicate (minimum of two) exposures. For Method 60108, the ICV must fall
within IO% of the true value for that Solution with relative standard deviation <5% from
replicate (minimum of two) exposures. An ICB is analyzed immediately Ihllowing thre ICV
to monitor low level accuracy arid system cleanliness. The ICB result must fall within +1-
the RL from zero. If either the ICV or ICB Ihail to meet criteria, the analysis should be
terminated, the problem corrected, thre instrument recalibrated and the calibration reverified.
(See Section I11.8 or I11.1I1 for required run sequence).

9.7. Continuing Calibration Verification (CCV/CCB) - Calibration accuracy is monitored
throughout the analytical amn through the analysis of a known standard after every I0
samiples and atthe end of the samnple inn. The CCV is be amid-range standard made
from a dilution of the calibration standard. The CCV for both methods must fall within 10%
of the true value for that solution with relative standard deviation <5% from replicate
(minimuml of two) exposures. A CCR is analyzed immediately following each CCV. (See
Section I 1.8 or I11.1I1 for required run sequence.) The CCR result must fall within +/- RL
from zero. If the blank is less than I/IC the concentration of the action level of interest, and
no sample is within 10% of the action limit, reanalysis and recalibration are not required
beore continuation of the run. Sample results may only be reported when bracketed by
valid CCV/CCB pairs. If a mid-run CCV or CCB fails, all affected samples will be re-
analyzed with valid CCV/CCB pairs. (Refer to Section II. 13 for an illustration of thre
,appropriate rerun sequence).

9.8. Interference Check Analysis (ICSA/ICSAB) - The validity of the intereleinent correction
fhctors is demonstrated through the Successful analysis of interference check solutions. The
ICSA contains only interfering elements, the ICSAB contains analytes and interferents.
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 run
when that analyte is determined. Aluminum, iron, calcium and magnesium must always be
included in all ICP fins.

9.8.1. The ICSA and ICSAB solutions must be run at the beginning of the run. (See
Section I I .I10 or I I. 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 instrument recalibrated and the samples rerun.

9.8.3. ICSA results for the non-interfe~ring elements with reporting limits • I0 ug/L must
fall within the STL North Canton guidelines of ± 2x RL from zero. ICSA results for
the non-interfering elements with RLs> I0 p.g/L must fhalI within the STL North
Canton guidelines of ± Ilx RL from zero. If the ICSA results for the non-
interlering elements do not fall within +/- 2x RL (RL •~10) or ± IxRL (RL>10) from
zero the field sample data must be evaluated as follows:

* If the noni-interfering element concentration in the ICSA is the result of
contamination versus a spectral interference, and this reason is documented, thle
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 thle 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 I Ox 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 are recalculated manually the calculations must be
clearly documented on the raw data.

9.9. CR1 - To verify linearity near the RL for ICP analysis, a CR1 standard is run at the
beginning of each sample analysis rum Additionally, some projects may require CR1
analysis at the end of the inn. (See Section 1. 10 or 1. 13 for required run 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 aliquots of the processed sample solution. This technique
compensates for a sample interferent that may enhance or depress tile 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 I11. 17 for additional
infbrmnation onl when MSA is required as well as Appendix C for specific MSA
requliremen~lts.

10. CALIBRATION AND STANDARDIZATION

I10. 1. Set uip thle instaiment with the operating parameters recommended by the manuiheturer.
Allow thle instrument to become thennally stable before beginning calibration (approximately
30 Minutes of warm-Up is required). Refer to the instructions in Appendix G.

10.2. Profile and calibrate thre instrument according to the instrument manufacturer's
recommended procedures. Flush the system with the calibration blank between each
standard or as the manufacturer recomnmends. The calibration curve must consist of a
minimum of a blank and a standard. Refer to Appendix G for detailed set up and operation
protocols.

10.3. Calibration must be performned daily and each time thle instrumrent is set up. Instrument runs
may be continued over periods exceeding 24 hours as long as all calibration verification
(CCV) and interfercnce check QC criteria are mect. The instrument standardization date
and time must be included in the raw data.

10.4. Refer to Section 9.0 for calibration verification procedures, acceptance criteria and
corresponding corrective actions.
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11. PROCEDURE

I11 .1. For 200.7 analyses, dissolved (preserved) samples must be digested unless it can be
documrented that the sample meets all of the following criteria:

A. Visibly transparent with a turbidity measurement of I NTLJ or less.

B. Is of one liquid phase and free of particulate or suspended matter 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 between 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 (IC V,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 runr.

11.6. To facilitate the data review and reporting processes it is strongly recommended that all

necessary dilutions be performed before closing out the instrument run.

11.7. The use of an intemnal standard is required on the Trace ICP unless the calibration and QC

standards are matnix matched to each digestion procedure used as follows:

Preparation Method % HN0 3 I% HCI

CLP Aqueous 1 5

CLP Soil 5 2.5

SW846 3050 t0 10

SW846 3005 2 5
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SW846 30 10 6 5

The following procedural guidelines must be followed when using an internal standard:

I 1.7. 1. Typically used internal standards are: yttrium. (Note: Any clement can be used that
is not typically found in environmental samples at a high rate of occurrence.)

1 1.7.2. 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 manner, 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
the sample.

I 1 .7.4. The internal standard raw intensity counts must be printed on the raw data.

1 1.7.5. The analyst must monitor the response of the internal standard throughout the
saniple analysis run. This infornnation is used to detect potential problems and
identify possible background contributions from the sample (i.e., natural
occurrence 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.

11.7.5.2. If the internal standard Counts in the field samples are more than ±30%
higher than the expected level, the field samples must then be diluted
and reanalyzed.

1 1.8. The Ibliowing analytical sequence must be used for Methods 60108B and 200.7:
Instrument Calibration
ICV
ICB
CR1
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ICSA
ICSAB
7 samples
CCV
CCB
10 samples
CCV
CCB
Repeat sequence of up to 1 0 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 VlJ (Appendix A) for Method 6010OB and

200.7 quality control criteria.

11.9. Additional quality control analyses are necessary for analysis under the Contract Laboratory
Program (CLP). If these are included then CLP, 6010 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.

II .11. The following mnsequence provides an illustration of amid-mn CCV or CCB failure and

the appropriate corrective action mun 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

CCB32

10 samples *

CCV3 * *Failure occurs at CCV3/CCB3

CCB3 * **Samples requiring rcmun for affected analytes

10 samples *

CCV4

CCB34

10 samples

CCV5

CCB35

Reanalysis Recalibrate

ICV

ICB

CRI

ICSA

ICSAB

CCV2

CCI32

10 samples

CCV3
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CCI33

10 samples

CCV4

CCB4

Notes: Samples between CCV4 and CCV5 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.

11 .15 Guidelines are provided in the appendices on procedures to minimize contamination of
samples and standards, preventive maintenance and troubleshooting.

11. 1 6 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 alternate wavelength for which QC data are established.
If an interelement correction exists for an analyte which exceeds the linear 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 thenmatrix 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.

I I.1I Any variation in procedure shall becompletely 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
nonconform-ance, with a cause and corrective action described.

11 .21 Analytical Documentation

I 1.2 1. Record all analytical information in the analytical logbook/logsheet 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.

I11.21 .2A11 standards are logged into a department standard logbook. All standards are
assigned an unique number for identification. Loghooks are reviewed by the
supervisor or designee.

I 1.2 1 .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 1.21 I4Samnple results and associated QC are entered into the LIMs after tinal technical
review.

12 DATA ANALYSIS AND CALCULATIONS

I12.1I. ICV percent recoveries are calculated according to the equation:

%R= 00 rFound(ICV1j))
K True( ICV))

12.2. CCV percent recoveries are calculated according to the equation:

%R-l1d Found(CCV))
K True(CCV) )

12.3. Matrix Spike Recoveries are calculated according to the following equation:

%R= IOO SSR- SQ)
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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=l10[ I MSD -MS1
MSD±+ MS~

Where:
MS = determined spiked sample concentration
MSD -determined matrix spike duplicate concentration

12.5. The final concentration for a digested aqueous sample is calculated as follows:

Cx VI xD
mg /L = ~

V2

Where:
C -Concentration (mg/L) from instmument readout
D -Instrument dilution factor
VI -Final volume in liters after sample preparation
V2 = Initial volume of sample digested in liters

12.6. The final concentration determined in digested solid samples when reported on a dry
weight basis is calculated as follows:

mg /Kg, dryweightz-z WxSVx

Where:
C Concentration (mg/L) from instrument readout
D -Instrument dilution factor
V = Final volume in liters after sample preparation
W = Weight in Kg of wet sample digested
5 Percent solids/lO0
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Note: A Percent Solids determination must be performred on a separate aliquot when dry
weight concentrations arc 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:

%R =100(Fotrnd( LCSfl

12.8. The dilution test percent difference for each component is calculated as follows:

%DfPrenc xI S 100

Where:
I Sample result (Instrument reading)
S =Dilution test result (Instrument reading x 5)

12.9. Appropriate fhctors must be applied to sample values ifdilutions are performed.

12. 10. Sample results should be reported with tIP to three signilicant figures in accordance with the
STL North Canton significant figure policy.

12.1 1. Trivalent Chromuium~

12.11.1. Trivalent chromium (CRW3) is the result obtained by Subtracting the hexavalenrt
chiromiium i(CR4 6)results for asample from ithectotal chromiumi lresult from ithat sample. The
total chromium result is determined using the procedures in this SOP. The hexavalent
chromium result is determined using the procedures in STL North Canton SOP NC-WC-
0024.

12.11.2. Reporting Limits

12.11.2.1. Thre STL North Canton water reporting limit for trivalent chromium is 0.02 mg/I.

12.11.2.2. The STL North Canton solid reporting limnit for trivalenit chromlium11 is 2.0 mig/kg, wet
weight.

12.11.3. Calculations: Cr' = 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, IA & 11 in Appendix A for the list of Method 6010OB 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/MSD should compare within 20% RPD or within the

laboratory's historical acceptance limits. These criteria apply to analyte concentrations
greater than or equal to I OxIDL. 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 thc 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 arc 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/Chemnical Methods, SW-846,
3rd Edition, Final Update 111, Revision 2, December 1996. Method 60108.

16.1.3. Determination of Metals and Trace Elements in Water and Wastes by Inductively
Coupled Plasma-Atomic Emission Spectrometry, Revision 4.4, May 1994.
Method 200.7.

1 6.!1.4. Inductively Coupled Plasma - Atomic Emission Spectrometric Method for Trace
Element Analysis of water and wastes Method 200.7, 40 CER - Chapter 1 - Part
136 - Appendix C. Electronic version dated September 30, 2002.

16.1.5. CORP-MT-0OO2NC, Inductively Coupled Plasma-Atomnic Emission
Spectroscopy, Method 200.7 & CLP-M, SOW ILMO3.0 and ILMO4.0).

I16.1I.6. Corporate Quality Management Plan (QMP), current version

16.1.7. STL Laboratoiy 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-0021

16.2.5. Navy/Armly SOP, NC-QA-00 16

16.2.6. QA-004, Rounding and Significant Figures.
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16.2.7. NC-WC-0024, Hexavalent Chromium (Colorimnetric)

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.)

1 7. 1. Modifications/Interpretations from reference method

17. 1. 1. Modifications/interpretations from both Methods 60 l OB and 200.7.

17.1. 1.1. STL North Canton laboratories use mixed 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 601l0B 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 IECs,
because of lack of definition clarification for "concentration range
around the calibration blank," STL North Canton has adoptcd the
procedure in EPA CLP ILMO4.0.

17.1.1.3. Section 8.5 of Mcthod 6010B 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
fbr 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% HNO3/5%
HCI instead of the specified 2% HNO 3/10% HCI matrix as the formner
mnatrix provides for improved performance relative to die 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%
fromt replicate integrations Ž 4." STL North Canton uses a minimum of
two exposures.

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 CFR
version requires the interference check sample to be analyzed at the
beginning, end, and at periodic intervals throughout the sample run. At
STL North Canton, the instrument check standard equals the CCV,
which must agree within ± I0% of expected values, and thre ICSA
standards are analyzed only at the beginning of a sample run. 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 (ICV) should be
prepared at a concentration near I ppmi. Thre ICV specitied in this
SOP accommodates the I ppm criteria for the majority of analytes.
For the remaining analytes, this SOP specifies ICV concentrations
which are appropriate to the range of calibration. The intent of the
ICy, verification of calibration standard accuracy, is independent of the
ICV concentration used.

17.1.2.6. The ICS criteria applied by this SOP differ from those stated in the
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 601 0B.

17.1.3.1. 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 arc allowed up to two times

the reporting limit in the blank following consultation with the client.

17.1.3.2. Method 6010OB section 8.6.1.3 states that the results of the calibration

blank arc to agrec within 3x the IDE. If not, repeat the analysis two or
more times and average the results. If the average is not within three
standard deviations of thc background mean, terminate the analysis,
corrcct the problem, recalibrate, and reanalyze the previous 10
samples. The intent of this requirement is to ensure that the calibration

is not dri fting 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 # 60 1 OB 200.7 Reporting Limnit Reporting Limit
analyte anaye (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 30

Barium Ba 7440-39-3 X X 200 20

Beryllium Be 7440-41-7 X X 5.0 0.5

Boron B 7440-42-8 X X 200 20

Cadmium Cd 7440-43-9 X X 5.0 0.5

Calcium Ca 7440-70-2 X X 5000 500

Chromium Cr 7440-47-3 X X 10 1

Cobalt Co 7440-48-4 X X 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 X X 100 10

Magnesium Mg 7439-95-4 X X 5000 500

Manganese Mn 7439-96-5 X X 15 1.5

Molybdenum MO 7439-98-7 X X 40 4

Nickel Ni 7440-02-0 X X 40 4

Potassium K 7440-09-7 X X 50)00 500

Selenium se 7782-49-2 X X 250 25

Silver Ag 7440-22-4 X X 10 1

Sodium Na 7440-23-5 X X 5000 500

Thallium TI 7440-28-0 X X 2000 200

Vanadium V 7440-62-2 X X 50 5

Zinc Zn 74-66 XX20 2
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TABLE 1A. Method 200.7 and 6010B Trace ICP Target Analyte List

Reporting Limit Reporting Limit
ELEMENT Symbol CAS # (ug/L) Water (mg/kg) Soil

Arsenic As 7T440-38-2 10 1.0
Lead Pb 7439-92-1 3.0 0.3

Seleniumi SC 7782-49-2 5.0 0.5
Thalli~um TI 7440-28-0 1 0 1.0

Antimony Sb 7440-36-0 1 0 1.0
Cadmiumn Cd 7440-43-9 2.0 0.2

Silver ±1L 7440-22-4 5.0 0.5
Chromium~l Cr 7440-47-3 5.0 0.5

TABLE II. Non-Routine Analyte List

Reporting Limit Reporting Limit
ELEME-NT Symbol CAS # (ug/L) Water (rnjqkg) Soil

Tin Sn 7440-3 1-5 100 I 0
Titanlium~ Ti 7440-32-6 50 5
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TABLE Ill. Matrix Spike and Aqueous Laboratory Control Sample Levels

ELEMENT LCS Level (ug/L) Matrix Spike Level (ugIL)

Alumiunu 2000 2000

Antimony 500 500

Arsenic 2000 2000

Barium 2000 2000

Beryllium 50 50

Cadnmiumn 50 50

Calcium 50000 50000

Chromium 200 200

Cobalt 500 500

Coppger 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

Thallium 2000 2000

Vanadium 500 500

Zinc 500 500

Boron 1000 1000

Tin ~~~2000 2000

Titanium ~~1000 l000
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TABLE IV. ICP Calibration and Calibration Verification Standards

Element Calibration Level RL (ug/L) ICV (ug/L) CCV (ug/L)
Alurninum 100000 200 25000 50000
Antimony 10000 60 1000 5000

Arsenic 10000 300 1000 5000
Baritum 10000 200 1000 5000

Berylli~un 10000 5 1000 5000
Cadmiumn 10000 5 1000 5000
CalCiuIm 100000 5000 25000 50000

ChromiuIM 10000 I10 1000 5000
Cobalt 10000 50 1000 5000
Copper 10000 25 1000 5000

Iron 100000 100 25000 50000
Lead 10000 100 1000 5000

Magnesium~ 100000 5000 25000 50000
Manganese 10000 1 5 1000 5000

Molybdenum11 10000 40 1000 5000
Nickel 10000 40 1000 5000

Potassium11 100000 500 20050000
Selen1ium 10000 250 1000 5000

Silver 2000 1 0 500 1000
SodiUmn 100000 5000 25000 50000
Thalliuni 20000 2000 5000 10000

Vanadiumi 10000 50 1000 5000
Zinc 10000 20 1000 5000

Boron 10000 200 1000 5000
Tin 10000 100 1000 5000

Titaniuim 10000 50 1000 5000
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TABLE IVA. Trace ICP Calibration and Calibration Verification Standards

Element Calibration Level RL (ug/L) ICy (ug/L) CCV (ug/L)

Alumiunu 50000 200 12500 25000

Antimony 1000 1 0 250 500
Arsenic 1000 10 250 500

Barnum 4000 1 0 1000 2000

Beryllium 4000 5 1000 2000

Cadmniumn 1000 2 250 500

Calcium 100000 5000 25000 50000

Chroriurn 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

SeleniuLm 1000 5 250 500
Silver 2000 5 500 1000

Sodium 10005000 2------- 5000 50000

Thallium 2000 1 0 500 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) IC_1SAB (ug/L)
Aluminum 500000 500000
Antimony ___________1000

Arsenic 1000
Barn=n 500

Beryllium 500
Cadmnium 1000
Calcium 5300000 500000

Chromium 500
Cobalt 500
Copper 500

Iron 200000 200000
Lead 1000

Magnesium 500000 500000
Manganese 500

Molybdenum 1000
Nickel __ _ __ _ __ _ _1000

Potassium ____________10000

Selenium ___________1000

Silver __ _ _ _ _ _ _ _1000

Sodium __ _ __ _ __ _ _10000

Tlhalliunm __ __ _ _W OW___"00 0
VaniadiUmn __________ 500

Zinc __ _ _ __ _ _ _1000

Tinl __ _ _ _ _ _ _ 1000
Boron ________ _ 1000Tianium _ _ _ _ __ _ _ _ _ _ 1000

*Cu]stom STL North CanitonsoIlutions contain analytes common to allSTL North Caniton facilities. Non-
routine elements not listed above should be spiked into the ICSAB at I 000 ug/L.

** T'hallium~level For Trace ICP should beat 1000 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) __________ SieLvl(gL
Arsenic 500 5000 5000

Barium 10000 100000 50000

Cadmnium 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 FREQUENCY *CRITERIA ACTION
Two-point Initial Beginning of every Terminate analysis;
Calibration analytical nmr, every Correct the problem;

24 hours, whenever Prepare new standards;
instrument is Recalibrate following
modified, or CCV system performance.
critenion is not met

[CV Beginning of every Method 200.7: Terminate analysis;
analytical run. 95 - 105 % recovery. Correct the problem;

RSD dupl. exp < 3% Recalibrate.

Method 60 l OB:
90 - II0 %recovery.

RSD dupl. exp < 5% __________

ICB Beginning of every The result must be within Terminate analysis;
analytical run, +-RL from zero. Correct the problem;
immediately following Recalibrate.

____ ____ ___ ____ ___ thle IC y .
TCCV Every I0 samples and Method 200.7 & Terminate analysis;

at the end of the run. 60103B: Correct the problem;
Recalibrate and rerun all

90 - II10 % 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;

samples not bracketed
by acceptable CCB.

CRI Beginning of every 50-150% recovery Evaluate associated
run (advisory) samples.

ICSA Beginning of every See Section 9.8.3
__________ _________ run Se Se t o 9.8.3 _ _ _ _ _ _ _ _ _ _ _

ICSAB Immediately following Rslsmt be within See Section 9.8.2
each ICSA. 8-10 eoey

*See Sections I11.1I0 and I11. 13 for exact run sequence to be followed.



87? 992
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: 01/08/04

APPENDIX A - TABLES Page 39 of 54

TABLE Vfl. Sumnmar of Quality Control Reuirements (Continued) __________

ACCEPTANCE CORRECTIVE

QC PARAMETER 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 exceptions 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 thc 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 SO - 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_(seeSection_9.3)
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TABLE VI1. 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,
up to 20 samples. TCLP See Section 11. 17. 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 Sec Corrective Action
Duplicate 1!5________ 20%. for Matrix Spike.
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APPENDIX B

CROSS REFERENCE OF TERMS USED IN METHODS 6010B, 200.7, AND BY STL NORTH
CANTON
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CROSS REFERENCE OF TERMS COMMONLY USED IN
METHODS EPA 200.7, SW60IOB, AND STL NORTH CANTON INC. SOP

EPA 200.7 SW601lOB STL North Canton Inc. SOP

Calibration blank (CBI) Calibration blank Initial and continuing calibration blanks
(ICB/CCB)

Dilution test Dilution test Dilution Test

Instrument detection limit (IDL) Instrument detection limit (IDL) Instrument detection limit (IDL)

linstrumenit performance cleck (IPC) Continuing calibration verification Continuing calibration verification
(CCV) (CCV)

Internal standard Internal standard Internal standard (IS)

La bora tory d u plica tes n/a n/a

Laboratory fortified blank ([YB) n/a Laboratory control sample (LCS)

Laboratory firtitkcl] sample matrix Matrix spike and matrix spike Matrix spike and matrix spike duplicate
(ILF M) duplicate (MS/MSD) (MS/MSD)

l~a bornatory reagent blank (LRB() Method blank Method or Prep blank (NIB)

linear dynamic range (I)DR) Linear dynamic range (LDR) Linear dynamic range (LDR)

Method detection limit (MI)L) Method detection limit (MDL) Method detection limit (NI)L)

Quality control sample (QCS) Check standard or Initial calibration Initial calibration verification (ICV)
veritkcation (ICY)

Spectral interference check solution Interference check solution (ICS Interference check solution
(SIC) (ICSA/ICSAB)
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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 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 standard should be the same.

In order to detentnine 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 on the horizontal axis. 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.

A bsorbancc

Con cc nra lion

Cone., of Addn 0 Addn I Add,, 2 Addn, 3
Sample No Addin Addnoof 50% Addn of 100% Addni of' 150%

of Expected of Expected of Expected

For the method olfstandard additions to be correctly applied, the f'ollowing limitations must be taken into
consideration:

*The pio 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.
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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

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 RF 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
AdjuLst 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 short)

Increase flush time (too short)

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 IE~s

Standards reading twice normal Incorrect standard used

absorbance or concentration Incorrect dilution performed
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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 Latcx 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.

Autosarnpler 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 volumnetric 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

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 identi* 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 pump tubing and pump 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 verify nebulizer is not clogged.
Check sample flow for cross flow nebulizer
Check Cu/Mn ratio-should be 30% of value at date that IECs were performed

Check pressure for vacuum systems

As Needed Clean plasma torch assembly to remove accumulated deposits
Clean nebulizer and trin chamber; keep free-flowing to maintain optimum performance

Replace peristaltic pump tubing, sample capillary tubing and autosampler sipper probe

Weekly Apply silicon spray on autosampler tracks
Cheek water level in coolfiow

Monthly Clean air filters on back of power unit to remove dust
Check D mirror for air instruments

Ri-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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ICP Analysis (TJA 61E)

(Example)

1. SETUP

a. Plasma Control Panel (enter)

b. (F1)-Startup

c. (F9)-Continue

d. (F2)-Levels

1 .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. (F3)-Method Info.

d. Change file name

e. (F9)-Done

fI (F9)-Done/Keep
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18. OPERATION

a. Analysis (enter)

b. (F5)-Profile

1. (F3)-Automatic

2. (FI)-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 )-Ca~cSS and enter current vernier position. (enter)

5. Adjust to new vernier position(F9)-done

6. Rerun profile until peak position is 1-I--.05 units.

7. (F9)-Done

c. Autosampler (F9)

1.Enter method namec (enter)

2. Enter autsmle table name (enter)

3. (Fl )-Run
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1 SCOPE AND APPLICATION

*. 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 ICP, ICPIMS,

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 digcstates are then filtered and diluted to 100 mL/100 g.

3. DEFINITIONS

3.1. Refer to the glossary in the Laboratory 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 environmentally 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 labware (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 mninimize or avoid

them.
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4.2. The entire work area, including the bench top and flume hood, should be thoroughly cleaned
on a routine schedule in order 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 labwarc Should be used.

4.4. Physical interference ceflbts 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 from
hydrochloric media.

4.7. Specific analytical interferences are discussed in each of the determinative methods.

5. SAFETY

5. 1. Procedures shall be carried out inl a mnanner 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. Thie health and safety hazards of many of the chemicals used in this procedure have not been
fuilly 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:
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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 fume 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 canry 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.

5.11. 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 90-99o 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. Whatmnan 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 autonmadc pipettes with corresponding pipette tips or Class A glass volumectric
pipettes.

6.12. Class A VOIluinetrij 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 firee of the analytes of interest as demonstrated through the analysis of method
blanks as defined in the determinative 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. If no expiration date is
provided, the stock solutions may be used for up to one year and must be replaced sooner ii'
verification from an independent source indicates a problem.
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7.3. Working ICP LCS/MS spike solution: Prepare the ICP LCS/MS working spike solutions

from custom stock standards to the final concentration listed in Table II. The working spike

must be prepared in a matrix of 5% HNO3. This acid (5 mL of concentrated H(NO 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/M4S 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% [(NO 3. This acid (5 mL of concentrated HN0 3 per 100 mL)

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 UI 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 (HNO3) concentrated, trace metal grade or better.

7.8. Nitric acid, 1:1I - dilute concentrated HNO3 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 ([1Cl), concentrated, trace metal grade or better.

7.10. Hydrochloric acid, 1:1I - dilute concentrated HCl with an equal volume of reagent water.

Note: WVhen 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 'C ± 2 'C 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.

9.1I. 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 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 redetennined
on an annual basis in accordance with 40 CFR Part 136 Appendix B requirements
or verified as detailed in STL North Canton QA Policy QA-005. The spike level
must be between the calculated MDL and lOX the MDL to be valid. Thle result of
the MDL dectennaination 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 performance, 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 Of the check sample (LCS) are prepared and analyzed using
the procedures detailed in this SOP and the determinative SOPs.

9.1I.2.2. Calculations and acceptance criteria for QC check samples are given in the
determinative SOPs (CORP-MT-0001, 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 appropriatc 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 samplcs (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 analy-te 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 the batch must be

redigested.

9.5. Laboratory Control Sample (LCS) - One aqueous L-CS 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

performing 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 L-CS results fail to meet control limits will be repreparation and

reanalysis of the batch. Tables II and HII provide the details regarding the stock, working

standards and final spike concentrations for LCP 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 IlmL or I g aliquot of reagent water with 2 ml- of

the working LCS/MS spike solution (7.3 or 7.4). The LCS is then processed as

described in either Section 1.10O.

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. Somne client specific data quality objectives
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(DQO's) may require the usc 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 rcprcparation 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
2mL- of the working LCS/MS spike solution (7.3 or 7.4). The matrix spike sample
is then processed as described in either Section I11.10O.

9.7. Quality Assurance Summaries - Certain clients may require specific project or program QC
whiich miay supersedethe SOP requirements. Quality Assurance Summiaries (QAS) should
be developed to address these requirements.

10. CALIBRATION AND STANDARDIZATION

10. I. H-otplate or block temperature must bc verified daily for each unit used and must be
recorded oil 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 hotplate. For block digestors, use a tube containing water.

It. 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 shalI be notified. The Nonconformiance
Memo shall be tiled in the project file.

I 1.2. Any unauthorized deviations from this procedure must also be documented as a
nonconformance, with a cause and corrective action described.

1 1.3. The heating procedures are carried Out in a properly fbnctioning 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 bottles 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.

11.10. Preparation of Soils, Sediments and Sludges for Analysis by GFAA, ICP, ICP/MS and
FLAA.

11 .10. I. 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 returniang 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 0.01 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).

II .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 m Lof1:lI HIN0 3 and mix the sample.

11.10.8. H-eat sample to 950 ±40 C and reflux for 10 minutes without boiling, using a vapor
recovery device.

Note: DO NOT ALLOW SAMPLE TO BOIL OR GO DRY during any
part of the digestion. Doing so will result in the loss of analy-te and the
sample must be reprepared.

11.10.9. Allow sample to cool, if necessary.

11.10.10. Acid 5 mLt of concentrated 1-IN0 3 and replace vapor recovery device.

I11.10.11. RefluX at 950 ±40 C for 30 minutes. (Add reagent water as necded to ensure that
the volume Of Solution is not reduced to less than 5 mL.)

1 1.10.12. l fbrown tonies are observed, repeat step I11.1I0.1I0 until 110 more fumes are
evolved.

1 1.10.13. Allow the samples to cool, if necessary.

11.10.14. Add approximately 2 rnL of reagent water and I mL of 30 % H20 2. Care must
be taken to ensure that losses do not occur due to excessively vigorous
effervescence.

11.10.15. Replace the vapor recovery device and heat sample until effervescence subsides.

11.10.16. Allow the sample to cool, if necessary.

11 .10.1I7. Continue adding 30% b1202 in I rrL aliquots with warming until effervescence is
minimal or sample appearance is unchanged.

Note: Do not add more than a total of 10 mLt of 3O0 1-1202.
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11.10.18. Continue heating at 950 ±40 C for 75 minutes until the volume is reduced to
approximately 5-10 nmL. Alternatively the sample may be heated for 2 hours.

11.10.19. If the sample is being prepared for JCP or FLAA analyses add I0 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 deternined 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 Whatman 41 filter paper or equivalent into a graduated

cylinder or equivalent or a pre-weighed boitle. Other measuring bottles (for

example, Coming Snap SealsTm) 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: In place of filtenng, the samples, after dilution and mixing, may be
centrifuged or allowed to settle by gravity overnight to remove insoluble

material

1. 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 perfonnance 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 samples 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/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 does not contain ally 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 HeIalth and Safety Director should be
contacted if additional inforntation is required.

15.2. Standards Should be purchased and prepared in volumes consistent with laboratory use to
Ilinimize the Volume of expired standards to be disposed.

16. REFERENCES

16.1I. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3rd
Edition, Final Update III, December 1996. Method 3050B.

16.2. CORP-MT-0001I, Inductively Coupled Plasma-Atomic Emission Speetroscopy,
SpectromietriecMethiod for Trace ElciementAnalysis of Water anidWastes, Methlod 6010OB
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, SIL 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 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, as defined in the determinative SOPs, are allowed up to two 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
volumectrically. This assumes the density of the sample is close to 1.0 g/mL.

Samples with large amounts of sediment or suspended solids, sludges, non-aqueous

liquids must be processed volumeitrically. 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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17.2.1I. ICPiMS 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.

1 7.2.4. The order of two steps in the digestion has been changed. (Sec section 1. 10.20)

1 7.2.5. Definition of the method as determining total environmentally available metals has
been added.

17.3. Facility Specific SOPs

Each lhcility 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. ll'nio ~ihility specific SOPs or amendments areto beattached, astatement must
be attached specifying that there arc none. Refer to the Appendices for any facility specific
infbnnation required Supporting this SOP.

I 7.4. Documentation and Record Management

The preparation benchsheect Should, at a minimum, include the following information:

* Preparation date, analyst initials, matrix, prep type (ICP or GFAA).

• Sample ID; initial weight/voIlume and final weight/volume1.

* 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
Beryllium Be 7440-41-7
Cadmium Cd 7440-43-9
Calcium Ca 7440-70-2
Chromiium Cr 7440-47-3
Cobalt Co 7440-48-4
Copper Cu 7440-50-8
Iron Fe 7439-89-6
Lead Pb 7439-92-1
MagnesiUml Mg 7439-95-4
Manganese Mn 7439-96-5
Molybdenum 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
Vanadium V 7440-62-2
Zinc Zn 7440-66-6
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TABLE HI. ICP and FLAA Soil Matrix Spike and Aqueous [CS Levels

Working LCS/MS Aqueous LCS/MS Soil MS Level ** (mg/Kg)

ELEMvENT Standard (mgIL) Level* (ug/L) ___________

Aluminum 100 2000 200

Antimony 25 500 50

Arsenic 100 2000 200

Barium t00 2000 200

Beryllium 2.5 50 5

Cadmium 2.5 50 5
Calcium 2500 50000 5000

Chromium 10 200 20

Cobalt 25 500 50

Copper 12.5 250 25

Iron 50 1000 100

Lead 25 500 50

Lithium 50 1000 100

Magnesium 2500 50000 5000

Manganese 25 500 50

Molybdenum 50 1000 100

Nickel 25 500 50

Potassium 2500 50000 5000

Selenium 100 2000 200

Silver 2.5 50 5

Sodium 2500 50000 5000

Strontium 50 1000 100

Thallium 100 2000 200

Vanadium 25 500 50

Zinc 25 500 50

Boron 50 1000 100

Tin 100 2000 200

Titanium 50 1000 100

*Levels shown indicate the spike concentration in the final digestate of the aqueous LCS or matnix

spike based on the addition of 2.0 nl- working spike (7.3) to 100 inL of sample.

**Final soil spike concentration based on the addition of 2.0 mL working spike (7.3) to 1.0 g of

sample/1 00 ml- final volume (assumes 1 00% solids).
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TABLE Ill. ICPMS Soil Matrix Spike and Aqueous LCS Levels

Working LCS/MS Aqueous LCS/MS Soil MS Level ** (mg/Kg)
-ELEMENT Standard (nig/L) Level* (ugIL) _____________

Aluminum IOU 1000 100
Antimony 10 100 10
Arsenic 10 100 10
Barium 10 100 10

Beryllium 10 100 10
Cadmium 10 ]0o 10
Calciumn 100 1000 100

Chromium11 10 100 10
Cobalt 10 100 10
Copper 10 100 10

hron 100 1000 100
Lead 10 100 tO

Magnesium 100 1000 100
Manganese 10 100 10

MolybdenUM I10 100 10
Nickel 10 100 10

Potassium1 100 1000 100
Sele~nium 0 100 10

Silver 1 0 100 10
SodiUmn 10 1000 100

Strontium 10 1oo 10
Thallium 10 100 10

Vanadium11 I0 100 10
Zinc to 100 10

Boron 10 100 10
Tin 10 too 10

Titanium 1 100 I10
Zirconiumo 10 100 10

*Levels showi indicate the spike concentration in tie final digestate of the aquecous LCS ornmatrix
* spike based on the addition or 1.0 mL working spike (7.4) to I100 mL of sample.

**Final soil spike concentration based on thle addition of 1.0 ml- working spike (7.4) to 1.0 g of'
sarmple/l00 ml- final volume (assumes 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**

ELEMEN'T Standard (mg/L) Standard (ug/L) _Level * ug/L (ml/Kg__

Arsenic 400 2000 40 4

Selenium 400 2000 40 4

Lead 400 2000 40 4

Thalliumn 400 2000 40 4

Antmony 400 2000 40 4

Cadmium 40 200 4 0 4

Chromiu n 100 500 lO I _ _ _ _ _ _ _ _

Siver 50 25 50

*Levels shown indicate thie 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/100 mL final volume (assumes 100% solids).
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TABLE V. 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.
tip to 20 samples. CORP-MT-0001I

____ ___ ___ ___ ____ ___ ___ ___ CORP-M T-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 detenninative SOPs: Reprep not required
preparation batch of NC-MT-0002 unless preparation error
tip to 20 samples. CORP-MT-0001 suspected.

_____________ CORP-MT-0003
Mdtrix Spike See Matrix Spike Refer to determinative SOPs: See Corrective Action
Duplicate NC-MT-0002 for Matrix Spike.

CORP-MT-0001I
____ ____ ___ _ __ ___ ____ ___ CO RP-M T-0003 _ _ _ _ _ _ _ _
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CONTAMINATION CONTROL GUIDELINES
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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 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.

ALutosamnpler trays should be covered to reduce the possibility ofcontanination. Trace
levels of elemnents 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 causc contamination.

Separate glassware if an unusually highi sample is analyzed and soak with sulfuric acid prior
to routine cleaning.
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1 SCOPE AND APPLICATION

*. I. 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 MCAWW 200 series

methods (NPDES) and SW846 Methods 3005A, 3010OA, 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.

I1.4. 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. MCAWW Method 200.7 Section 9.4 is used to prepare surface water, domestic and

industrial waste samples for total recoverable and dissolved metals determination by ICP.

1.6. SW-846 Method 3010OA is used to prepare aqueous samples, EP and mobility-proeedure
extracts, and wastes that contain suspended 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, EP and mobility-procedure

extracts, and wastes that contain suspended solids for total metals by GFAA, or ICP/M S.

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.



ACID DIGESTION OF AQUEOUS SAMPLES BY SW846 AND SOPNo7CRP0P303N
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.

1.1 I. SW-846 Methods 7060A and 7740, respectively, contain the procedure for the
preparation of aqueous samples for arsenic and selenium.

112. 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 sample is heated with nitric and hydrochloric acids and
substantially reduced in volume. The digestate is filtered (if necessary) and diluted
to VOIlume1.

2.2. Method 3010OA / Method 200.7 Section 9.3 - Preparation for Total Metals Analysis by
FLAA or ICP Spectroscopy

2.2.1. A represenltativecaliquot of sample is refluxed with nitric acid. After the digestate has
been reduced to a low Volume, it is rellUxed with hydrochloric acid, filtered (if
necessary) and brought up to volume.

2.3. Method 3020A / Method 200.0 Section 4.1.3 - Preparation for Total Metals for Analysis
by GFAA Spectroscopy and ICP/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 volumre, 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 represcntative 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 LQM.

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 arc retained by a 0.45 urn 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 labware (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 flame 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 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 occuirs thiesample mu~st bereprepared. Anitimony is easily lost by volatilization fromn
hydrochloric acid media.

4.7. Precipitation of siver chloride (AgCI) may occur when chloride ions and high concentrations
of' silver (i.e., greater than I nmg/L) are present in the sample.

4.8. Specific analytical interibrences are discussed in each of the determninative methods.

5. SAFETY

5.I. Procedures shall be carried out in a mnanner 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 safiety hazards of many of the chemicals used in this procedure have not
been fully defined. Additional health and safety inforination can be obtained from the
Material Safety Data Sheets (MSDS) maintained in the laboratory. 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 sample digestions, including cooling of digestates, 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 Rimne 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 laboratory
supervisor.

5.7. Always canry bulk concentrated acid bottles 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 950 C (± 4).

6.2. Calibrated thermometer that covers a temperature range of 0-2000C.
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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 nil within 3% accuracy.

6.9. Analytical balance capable of accurately weighing to the nearest 0.01I grams.

6. 10. Repipetors or Suitable reagent dispensers.

6.11 . Calibrated automatic pipettes with colresponding pipette tips or Class A glass volumectric
pipettes.

6.12. Class A volume11tric flasks.

6.13. p11 indicator strips (p1-1 range 0 - 6).

6.14. Plastic digestate storage 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 detenminative SOPs.

7.2. Laboratory Control Sample (LCS) and matrix spike (MS) solutions are purchased as
custom STL solutions. All standards must be stored in FEP fluorocarbon or previously
tinused 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,
thre stock Solutions may be used for tIP to one year and Must be replaced sooner if
verification from anr independent source indicates a problem.

7.3. Working 1CP LCS/MS spike solution: Prepare the ICP LCS/MS working spike solution
from Custom stock standards to thre 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 the custom stock solution (7.2) 200x. The working spike solution must be

prepared in a matrix of 5% HNO 3. This acid (5 rnL of concentrated HNO3 per 100 mL)

must be added to the volumeitric 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 fitirther

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

STL 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(Appcndix 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 H-N0 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 alway add acid to water. If the xvater is added to the
acid a violent reaction may occur.

7.12. 30% Hydrogen peroxide (1-1202), 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. 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 colleetion.

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 typc,
frequency, 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
anialyte/ilatrix 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. MDL's must be redetermined
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 anid lOX the MDL to be valid. The result of the MDL
decterinination must be below the STL 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 performiance, which should contain all the analytes of interest. The
results of the initial demonstration study must be acceptable before analysis of
samp~lesC may begin. Thec 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 enitenia

are met.

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.

9.1.2.2. Calculations and acceptance criteria for QC check samples are given in

the determinative SOPs (CORP-N4T-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 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) are not included
in the sample count for determining the size of a preparation batch. MS/MSD are not

includcd in 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 MSI~s 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 watcr 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 the batch must be

redigested.

9.4.1. Aqueous method blanks are prepared by taking 50mL or 50 gofreagent water
through the appropriate procedure as described in Section I11.

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 must 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 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. 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 then
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 MAS) 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. 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 offthat 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 offthe 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.

9.6.1. The aqueous matrix spike sample is prepared by spiking a 50 mL aliquot of a
sample with 1.0 nml- of the working LCS/MS spike solution (7.3 or 7.4). The
matrix spike sample is then processed as described in Section II1.

9.6.2. The TCLP matrix spike sample is prepared by spiking a 50 ml- aliquot of a Ieachate
with 0.5 muL of the working TCLP spike solution (7.5). The matrix spike sample is
then processed as described in Section I I.

NOTE: The TCLP matrix spike must be added prior to preservation of the
leachatc.

9.6.3. 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.
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9.7. Quality Assurance Summanies - 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

10.1I Hotplate temperature must be verified daily for each botplate 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 hotplate.

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 Nonconformniuce 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 pmoject 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. All 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.

11.8. 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 .10. The following procedure must be followed for all aqueous sample preparations:

I11.1I0. 1. 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 p1- has already been verified and documented in sample receipt
this step may be omitted.

I 1. 10.2. Mix sample by shaking the container.

11.10.3. Measure and transfer 50 nl- or 50 g of the sample into a beaker.

Note: This SOP allows fbr samples to be weighed instead of measured
volumectrically.

11.10.4. Measure two extra afiquo0tS of samiple selected for the MS/MSD analysis. Spike
each aliquot With the appropriate spiking solutions (7.3-7.5,9.6).

11.10.5. Measure and transfer 50 ml- of reagent water into a beaker for the method blank.

11.10.6. Measure and transfer 50 ol- 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 .12.1. To the sample beaker, add I 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 nmL.

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 flume 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-ninsed 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 301 OA / Method 200.7 Section 9.3 - Preparation for Total Metals Analysis
by FLAA or TCP Spectroscopy (See Figures 2, 6 and 7)

11.13.1. To the sample beaker, add 3.0irL of concentrated HNO3

11.13.2. Cover with ribbed watch glass.

11.13.3. Place beaker on hotplate 950 C (i 4) and evaporate for 4-5 hours or to low
voIlume1 of 15-20 nl- 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. Doing so will result in
the loss of analyte and the sample must be repreparcd.

11.13.4. If necessary, add another 1.5 rrl portion of conccntrated HNO3 and re-cover
the beaker. ReflUX 1 5 minutcs.

11.13.5. AddS nl- of l1:I I-C].

11.13.6. Cover and reflux for an additional IS minutes to dissolve precipitate or residue.
Cool in a fumec 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 Whatmnan 4 filter paper.

Note: If any samples in the QC batch are filtered the method blank and [CS
aissociated with that batch must also be filtered.

Note: In place of filtering, the samples, aller 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 niL 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 l-N0 3.

11 .14.2. Cover with ribbed watch glass.

11.14.3. Place beaker on hotplate 95WC (± 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. Doing so will result in

the loss of analyte and the sample must be reprepared.

11.14.4. If necessary, add another 1.5 niL portion of concentrated HNO 3. Recover, and

reflux 15 minutes. Cool the beaker in a fuime hood.

11.14.5. Filter sample, if insoluble materials are present, through Whatmnan 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 filtenrng, the samples, after dilution and mixing, may be

centrifuiged 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 now ready 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~2O2 and 1.0 mL of1:lI HNO3.

11.15.2. Heat, until the digestion is complete, at 950C (± 4) or until the volume has been
reduced to 15-20 mL.

11.15.3. Cool beaker.

11.15.4. Filter sample, if insoluble matenials 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 gmavity overnight to remove insoluble
material.

11.15.5. Rinse beaker and filter paper with reagent water to ensure complete sample
transfbr.

11.15.6. Adjust final volume to 50 nL- with reagent water. The 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)

11. 16.1I. To the sample beaker, add I .0 rnL of 1.1 HNO 3.

11.16.2. 1-eat, until the digestion is complete, at 95 0C (± 4) or until the volume has been
redueed to IS - 20 nmL.

11.16.3. Cool beaker.

11 .16.4. Filter sample, if insoluble materials are present, though Whatmnan 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 fiftening, 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 .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 AND CALCULATIONS

Not Applicable.

13. METHOD PERFORMANCE

13.1. Method pcrformance 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 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 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 volumnes 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 thre Chemical Analysis of Water and Waste (MCAWW), 1983.

16.3. CORP-MT-0001, Inductively Coupled Plasma-Atomic 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-00S, Method Detection Limits.

17. MISCELLANEOUS (TABLES, APPENDICES, ETC. ..

17.1. Modifications/Interpretations from reference methods.

17.1.1. Modifications applicable to SW-846 reference methods.

17.1I.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 blank must not contain any analytc of interest at or above the
reporting limit. Common lab contaminants are allowed up to two times
the reporting limit in the blanik following consultation with the client.

17.1.1.2. Thre referenced methods as well as Table 3-1 of SW-846 refer to the
use of a I100 mL aliquot for digestion. This SOP requires the use of a 50
mL sample size to reduce waste generation. The use of reduced sample
volumes are Supported in EPA's document "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 from the Office of Solid Waste, Olliver Fordham
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 3010OA

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 mrl- 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.

17.1.2.2. The scope of 301 OA has been expanded to include silver based on

comparison studies with 7760A. Method 301OA 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 I ppm silver.

17.1.3. Modifications Specific to Method 3020A

17.1.3.1. Section 1. 14.3 of this SOP requires the sample be reduced to a

volume of 15-20 mL. Section 7.2 of Method 300A 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.
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17.1.4. Modifications Specific to Method 7060A/7740

I17. 1.4. I. 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 1 1.0. The nature of the differences
were deemed insignificant in 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 of the methods (i.e.,
evaporate to near dryness vs. an exact Volume).

17.2. Modifications fromn previous SOP

1 7.2. 1. Added ICP/MS to the digestion procedures.

17.3. Facility Specific SOPs

Each Ihecility shiall attach a list oftlacility 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
becattached specifyinig tlat therecarc nonie. Refer to the Appendiecesfor any facility speific
informiation required to support this SOP.

I17.4. Documentation and Record Management

The preparation benchsheet Should, ait a minimum, include the ]following informiation:

*Preparation date, analyst flamei, miatrix, prep type (ICP or GFAA), SOP reference.

* Sam pie ID; initial weight/volumec and fi nal weigh~t/volumeC.

* Standards Docurnentation (source. lot, prep daic, vol tme aidded).

* Analyst Signature.

* Reviewer's Signature and date.
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Figure 1. Method 3005A I Method 200.7 Section 9.4 (Section 11.12)

Verify sample pH
< 2

Mix sample
thoroughly

Aliquot 50 mL o
50 g of sample

into beaker

Ad 1 mL HNO3
and 2.5 rnL HCI

Cover, Heat at SP
95 ,-4 C
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Figure 2. Method 3010A/ Method 200.7 Section 9.3 (Section 11.13)

Verif samplepH
<2

Mx sample
thoroughly

HNO3, if s~~oo, ileri
necessarynesar

Alquot 50mL or
50 g of sample

into beaker

wtregnt
e~~~~~~ae

HNO3

Cover, Heat atHl
95 + 1-4 C

Reduce volume R
to 15-20 mLM
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Figure 3. Method 3020A IMethod 200.0 Section 4.1.3 (Section 11.14)

Verif sample pH
< 2HN3

Mix sample~nces

HNO3

Cover, Heat atwte
95 ±1-4 C

Reuce volume dtrminative
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Figure 4. Method 7060A/7740A and Method 206.2/270.2 (Section 11.15)

Vrif sample pH
<c2

Mix sample
thoroughly

Aliquot 50 ml- or
50 g of sample

into beaker

Ad1 ml- 30%
122and 0.5 ml-

HN03

Cover, Heat at
95 -14-4 C
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Figure 5. Method 200.0 Section 4.1.4 (Section 11.16)

Verif samplepH
<2

Mix sample
thoroughly

Aliquot 50 mL or
50 g of sample

into beaker

Add 0 5 mL
HN03

Cover, Heat atSO
95 +1-4 C
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Figure 6. Overview of SW846 Aqueous Preparation Methods by Determinative Method

TALlis: A, S, s, BaAesd a r o Cz e b g n i,SK, Sc, Ag, Na, TI, Ve,Z
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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,SbAgBa
Be, Cd, Cr, Go, Cu, Be, Cd,CCoCu

Mo, Mn, Ni, V MO,MnNiV

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 Prearation Method Analyte - SW846 ___

7060A

ELEMET Smo CAS Number 3005A 3010A 3020A 7740

Aluminum Al 7429-90-5 X X

Antimony Sb 7440-36-0 X

Arsenic As 7440-38-2 X X X

Banium Ba 7440-39-3 X X ___

Beiyllium 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 X X X

ZC npperCu 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 Se 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 74-66-6 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 are met.
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TABLE II. Approved Preparation Method Analytes - NPDES ___

200.7 200.7 200.0 200.0 206.2
ELEMENT Symbol CAS Number (9.4) (9.3) (4.1.4) (4.1.3) 270.2

Aluminum Al 7429-90-5 X X ___

Anfmony ~ Sb 7440-36-0 X X X X
Arsenic As 7440-38-2 X X ____X

Boron B 7440-42-8 X X ___

Barium Ba 7440-39-3 X X X X _ _

B~rljhn ~ Be 7440-41-7 X X X X
Cadmium 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
Copper Cu 744 0-50-S X X X X ___

Iron Fe 7439-89-6 X X X X ___

Lead Pb 7439-92-1 X X X X ___

Magnesilum Mg 7439-95-4 x x
Manganese Mn1 7439-96-5 X X X X ___

Molybdenum MO 7439-98-7 X X X X ___

Nickel Ni 7440-02-0 X X X X ___

Potassium K 7440-09-7 X X
Selen1ium1 SC 7782-49-2 X X X
Silicon Si 763 1-8- X X
Silver Ag 7440-2- X X X X ___

Sodium Na 7440-23-5 X X
Thallitun TI 7440-28-0 X X X X
Vanadium V 7440-62-2 X X X X ___

Zinc Z11 7440-66 XX ___

X - Designates that the preparation method is approved for an element

Note: Additional elements may be analyzed Ibllowing digestion by these protocols provided the method
perlbrmance criteria specified in Section 13.0 of the SOP are met.
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TABLE III. ICP and FLAA Matrix Spike and Aqueous Laboratory Control Sample Levels

Working LCSIMS Aqueous LCS/ MS

ELEMENT Standard (mg/L) Level * (ug/1)

Aluminum 100 2000
Antimony 25 500

Arsenic 100 2000

Barium too 2000

Beryllium 2.5 50
Cadmium 2.5 50

Calcium 2500 50000

Chromium I10 200

Cobalt 25 500

Copper 12.5 250

Iron 50 1000

Lead 50 500

Magnesium 2500 50000

Manganese 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 100 2000

Vanadium 25 500

Zinc 25 500

Boron 50 10

Tin 100 20

Titanium 50 1000ooo

*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 mL of sample.
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TABLE IV. CFAA Matrix Spike and Aqueous LCS Spike Levels

Stock LCS/MS Working Aqueous ECS!
ELEMENT Standard (mg/L) LCS/MS MS Level * (ugA3)

Standard (ug/L) ________

Ansenic 400 2000 40

Selenium 400 2000 40

Lead 400 2000 40

Thialliumi 400 2000 40

Antimony 400 2000 40

Cadnijum 40 200 4

Chromiuim 100 500 1 0

Silver 50 250 5

*Levels slowniniidicactle tespikecconicentration iintie f-inal digestate of tlecaqueous LCS ori matrix spike
based on the addition of 1.0 ml- working spike (7.4) to 50 mLt of sample.

TABLE V. TCLP Reporting Limits, Regulatory Limits and Matrix Spike Levels

ELEMENT RL (Ug/L) Regulatoty Limit (Ug/L) Spike Level (ug/L)*
Arsenic 500 5000 5000
Barium 10000 100000 50000

Cadmium t00 1000 1000
Chmrnlium1 500 5000 5000

Lead 500 15000 5000
Selenium 250 1001000

Silver 500 5001000

*Levels shown indicate the spike concentration in the final digcstatc of the aqueous LCS or matrix spike
based on the addition of'o.5 ml- working spike (7.4) to 50 nl- of'samnple
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TABLE VI. Summary of Quallty Control Requirements

QC PARAMETER FREQUENCY ACCEPTANCE CRITERIA CORRECTIVE
ACTION

Method Blank O~ne per samp~le Rjefer -to determninative SOPs: Redigest and reanalyze

preparation batch of NC-MT-0002 samples associated with

up to 20 samples. CORP-MT-000 1 the method blank.
CORP-MT-0003

Laboratory Control O~ne 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 error

up to 20 samples. CORP-MT-0001 suspected.

_____________ CORP-MT-0003

Matrix Spike See Matrix 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
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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 clements 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 sulfridc 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 part-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
chromatograms

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 10 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 of
interest are separated and detected by flame ionization detector or thermal
conductivity detector.

2.4. By using Henry's Law, the beadspace 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 Rant. 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 identifyi
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 performting 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 ppmiv 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 flammnable

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 flume 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 Signs and symptoms of exposurefllausual Hazards
Exposure
Limit (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 bums. 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 SA 1/8 x 7' (Supleco, Inc.)

6.6. An assortment of gas tight syringes ftom 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 I 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 available 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 Summa 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 down the side of the battle 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 determined prior to the
analysis of any samples. The MDL is determiined 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 are
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 determilned as the mean recovery, ± 3
standard deviations for 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 LCS/LCSD pair. The pair is analyzed after
the calibration standard, and normally before any samples. The LCS contains all
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 proj ect 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
linear working range of the system for each compound. The low paint 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 all 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 RE'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 more tan 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

I11. 1.1. GIC 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.

11.1.3. It is not necessary to reanalyze batch QC with reanalysis of samples. However,
any reanalysis of samples must be associated with valid instrument QC.

11.1.4. 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.

1. 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 43.5m1. Typically 4.4m1i 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 baffle on a vortex far 5 minutes. Caution:
excessive handling of the sample should be avoided, as this will raise the
temperature of the sample.

II. 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.

11. 1.8. After agitating the sample, use a 500piL gas-tight syringe to remove a 300pL
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- 1 75 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 Turbochrom 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 RF's/Mean of RE's X 1 00

12.3.3. Calculation for Percent Difference (%D):

% D = [(RF cpd CCV - ave. RF cpd ICAL)Iave. RE cpd ICAL ]X 100

12.3.4. Calculation for Determining Concentration of Compounds in Headspace

Conc. Cpd = Area Cpdlave. RE Cpd X DE

12.3.5. Calculation for Percent Recovery (%Rec):

% Rec = (Amount Cpd recovered/Amount Cpd Spiked) X 1 00

12.3.6. Calculation for Relative Percent Difference (RPD):

RPD= Value A -Value HI/Average of Values X 1 00

12.3.7. Calculation of Decimal Fraction p.

Pg ppmv/v X 10,6= %v/VX 10.2

12.4. The following parameters are needed to perform Henry's Law calculations:

Pg =headspace concentration of analyte in decimal fraction, eg. l0ppm =0.00001

H =Henry's Law Constant

ST = temperature of the sample (assumed to be standard temp. 298 OK)

by = volume of sample bottle

hv = headspace volume

1) pg =result in ppmv divided by 1 000000 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 flg = moles analyte and n. moles water

Then xg = ng / (ng + n,) and ng = x, (ng + n.)
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If, flg * xg « flg,

Then, fig = xg n3 or fig = nw (pg/H)

Therefore; flg V = ri. / V (pg/H)

4) One liter of water is 55.5 g-moles,

n / V =55.5 /L (pg/H)

5) Saturation concentration of the gas,

C = (ng/V) (MW) (1000 mg/g)

where MW = molecular weight of the analyte

6) Density calculation

p = (MW) / (22.4 I/mole) (ST in 0K /273 0K)

where: p = density
ST sample temperature

7) v =(bvj,-h,i j ) (IL/IOO0m~s)

where: bv = bottle volume

hv = headspace volume

Then:

8) Ah = hvnj,i * p

where Ah = ml of analyte in headspace

then liquid phase analyte (Al) is

Al = (Ah/(v))( p8)(lOOO0 mg/g)(1 L/IlOO0ml)

Then: TC= A, +C

Where: TC =Total Concentration of analyte in the original sample
Al 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:

pgC 0.00 18 (1800 ppmv/v) methane

Henry's Law Constant, H=4.13e4 far Methane

Sample Temperature 25 C (298 K)

Battle Volume 60 ml

Headspace volume 6 ml

Using equation 2, xg = 0.001 8/4.13e4 or 4.358e-8 mole CH4

Using equation 4 and the value above,

n./V = (55.5)(4.358e-8) or 2.42e-6 moles CH4 per liter of water.

p = (16g/mole)I((22.4 l/mole)(298/273)) = 0.654 g CH4 / liter H20

by = 60 ml and by = 6 ml, v = (60 ml - 6.0 ml)( L/I1000 ml) = 0.054 L

Ah=6 ml, 0.0018 =0.lO8 ml CI-L

Al = (0.0108 ml / 0.054 L)(0.654 g/L)(IL / 1000 ml) (1000 mg/g)

Al = 0. 13 08 mg C-H4 / liter H20

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 for the LCS.
These limits can be provided when requested.

13.1. No conversion of the analytical results to the standard conditions is made.



87710% ~~~~~~~~~SOP No. COI-GC-005

Revision No. 4
Revision Date: 05/21/04
Effective Date: 06/04/04
Page: 16 of 19

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 to the manufacturer.

15.2.3. Sample Voa vials - maintained under refrigeration and then transferred to 55
gallon drums in the 90 day area.
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16.5.1I. Varian manual 34000GC

16.5.2. PE Nelson Turbochrom manual

17. MISCELLANEOUS (FABLES, 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 OK____
Volume 40 ml VOA vial (by) 43.5 ml
Volume headspace generated (hv) 4.4 ml
MW Methane 16 g/mole
MW Ethae 30 g/mole
MW Ethylene 28 gmole
MW Carbon dioxide 44 g/mole
MW Oxygen 32 g/mole
MW Nitrogen 28 g/mole
MW Carbon Monoxide (25 deg C) 28 g/mole
Henry's Const. Methae (25 deg C) 4.13e+4 none
Henr's Const. Ethane (25 deg C) 3.02e+4 none
Henry's Const. Ethylene (25 deg C) 1. 14e+4 none
Henry's Const. Carbon dioxide (25 deg C) 1.64e-I3 none
Henry's Const. Oxygen (25 deg C) 4.38e+4 none
Henry's Const Nitrogen (25 deg C) 8.65e+4 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 Tern p 65 Det B range (init) 12
Hold min 5.10 Det B autozero yes
Prog I Temp 100 Det Brange at time 0.01I min 11I no AIZ
Prog I rate deg/min 35 Det B range at time 5.0 min 12 no N/Z
Prog I hold min 11.9 A/S vial mode off
1ff temp 100 Wait for ready yes
Aux. Temp. (FID and reduction catalyst) 380 Initial Relays -1-2-3-4
Detector temnp (TCD) 150 Relays 0.01 min +2
Det A range 0.50 Relays 2.85 mlin (may vary) +3
Det A autozero yes Relays 8.00 min -2
Det A filament temp 200 Relays 12.00 min -3
Det A polarity positive no External Ox catalyst oven 550
Det A time program no ______________

Table 3 - CCV and LCS Nominal Concentrations

Compound 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 7.808 %v/v (10 % 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 ppm v/v 500 ppm v/v
Ethane (FID) 1 00 ppm v/v 500 ppm v/v
Methane (FID) 100 ppm v/v 500 ppm v/v
Carbon Monoxide (FID) 1 00 ppm v/v 500 ppm v/v
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Table 4 - Nominal ICAL 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 11.0 5.0 110.0 50

Carbon Dioxide (FID) ppmv/v 100 500 1000 5000 10000 --

Ethylene (FID) ppm v/v 5 10 100 500 1000 -

Ethane (FID) ppm v/v 5 10 100 500 1000 --

Methane (FID) ppm v/v 10 100 500 1000 5000 10000

Carbon Monoxide (FID) ppm v/v 1 0 100 500 1000 5000 120000

Table 5 - Reporting Limits and Default 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) 0.10omg/I 50 -150 20

Carbon Dioxide (FID) 0. 17 mg/I 50 -150 20
Ethylenec(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) 0.0010o 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 1 mg/L to 50 mg/L with a reporting limit
of I 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 deseribed 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 instrument.

5. SAFETY

5.1. Procedures shall be carried out in a maniner 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 fully 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 fumne 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 {as well as glassware cleaning procedures
that involved solvents such as methylene chloride ~ should be conducted in a fumne 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 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. 041 Corporation Model 1010 TOC Analyzer with 1051 vial MUltisampler and Printer

6.2. Nitrogen Gas and Regulator

6.3. Volumectric flasks: Various sizes

6.4. VoIlumetric pipettes: Various sizes

6.5. Vials: 40 niL glass

6.6. Graduated cylinders: Various sizes

6.7. pl-l Strips

6.8. Whatman filter #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 (Na2S2Og) to a I 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
(H2PO 4) to 900 mL of reagent water in a 1 liter volumectric flask. Dilute to
volume with reagent water.

7.1.5. Sulfuric Acid, concentrated: Reagent Grade

7.2 Standards

7.2.1. All standards should be prepared in volumetric flasks, using volumetric 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.l.TOC 1 000 mg/L

7.2.3. 1. 1. Dilute 1.06 g KHP (potassium acid phthalate) to volume in a
500 ml- volumetric flask. A commercially prepared solution
may also be used.

7.2.3 .2.Prcpare 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) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10 I 1000 100

I ~~0.1 1000 100

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 are preserved to a plH <2 With sulfuric acid (1-12SO4) or hydrochloric acid (HCI)
and stored in plastic or glass containers at 40 C±+20 C.

8.2 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 eachi preparation batch. The
method blank consists of reagent water containing all reagents speciftic 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 he
addressed in the project narrative.

9.3. Laboratory Control Sample (LCS)

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 LCS must be analyzed with each batch of samples.

9.3.3. Corrective Action for LCS

9.3.3.l.lf 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 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. 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 (N4SD) 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.

9.4.2. An MS/MSD consisting of 20 imL of sample and 20 niL of the 25 ing/L standard
will be analyzed with each analytical batch of samples.

9.4.3. Corrective action for MS/MSDs

9.4.3.lI.If the analyte recovery or RPD falls outside thle 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.lf the native analyte concentration in the MS/MSD exceeds 4x thle 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.If'an N45/MSD is not possible due to limited sample volume then a
laboratory control sample duplicate (LCSD) should be analyzed. The
RPD offthe LCS and LCSD must be compared to the matrix spike RPD
limnits.
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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 Checks 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 anoniconformnance,
with applicable cause and corrective action approved by the facility QA Manager.

10. CALIBRATION AND STANDARDIZATION

10.1. RecomnmendedlInitial Setup

Contant Settings

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-



8771099
TOTAL ORGANIC CARBON (TOC) SOP No. NC-WC-00 17

Revision No. 2.2
Revision Date: 01/24/03
Page IO of 15

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.

10.1I.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 templatc.

10.1.3.3. Confirm all information. If blanking is required, it is best if done before
calibration. Enter the desired number of blanks (no less than five) in the
"reagent blanks before" field.

10.1.3.4. Analyze an ICV/ICB

10.1.3.5. Save the file using the Current date as the filenamec.

10.1.3.6. Update data tile 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 recalibration is required.

10.2. Con1tinuLinlg 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.

10.6.2. System cleanliness is checked every ten samples and at the end of the run
using Continuing Calibration Blank (CCB). A CCB 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 logbookc/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 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 .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

1 2. 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 one 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 niL vials. Samples received
in vials can be run in those containers, provided there is not an excess of solids.

12.1.5. Bc sure the samples are loaded on the sampler, the first one positioned under the
needle.

12.1.6. Click the "Start" button.

1 2.1.7. Samples that fall outside the linear range (>50 rng/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 concerni.

12.1.8. Print the run from "utilities/view run log".

12.1.9. When analysis is complete, properly dispose of or put away samples and
standards.

1 2.2. Calculations for 9060 only

12.2. 1. Total Organic Carbon, mg/L = Average Instrument Value x Dilution

Where:

TOG, nig/L = average of the 4 Instrument values* x dilution, calculated (without
dfilution) by the instrument.

linstrumient values * 0

12.2.2. LGCS %o Recovery = Trute Vlu

12.2.3. MS/MSD % recovery
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(l'instrument values * MS or MSD) - (Avg sample instrument value 2* X fI 00
12.5)

*One of the values mnay be judged erroneous and disregarded ij'tlree of thejIbur 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:

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 informiation (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.

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.



87711 03
TOTAL ORGANIC CARBON (TOG) SOP No. NC-WC-0017

Revision No. 2.2
Revision Date: 01/24/03
Page 14 of 15

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.

I15.5.Solvent waste must be disposed of in clearly labeled waste cans.

16. REFERENCES

16.1L References

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 (QM P), 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-00l18

16.2.4. Method Detection Limits and Instrument Detection Limits, NC-QA-0021

16.2.5. Navy/Army SOP, NC-QA-00 1 6

17. MISCELLANEOUS (TABLES, APPENDICES, ETC...)

17.1 Reporting limits

17. 1. 1. The lower reporting limit is I mng/L

1 7.1.2. If samples require dilution or smaller volumes than specified in this method, the
RL will be elevated.

I 7.2.Trouiblesliooting 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. 1. A blender is not used to homogenize samples.

17.3.2. For Method 9060, the calibration must be verified with an independently prepared
cheek standard every 15 samples. The laboratory is verifying the calibration
every 10 samples.
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I. 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, Walkicy-
Black. The working linear range is I100 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 dichromate and
concentrated sulfuric acid. After treatment, the solution is backtitratcd with ferrous
su~lfate to determine the amount of dichroniatc reduced during digestion.

3. DEFINITIONS

3.1. Refer 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 proteets 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.
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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 jas well as glassware cleaning procedures
that involved solvents such as methylene 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 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 ± 0.0001I g

6.3. Top loading balance: capable of weighing to ± 0.01 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. Erlenmeyer flasks: various

6.9. Whatman #4 filter paper

'7. REAGENTS AND STANDARDS

7.1. Reagents

7.1.1. Sulfuric Acid (H2 SO4 ): concentrated, Tracepur grade

7.1.2. Ferroin indicator, purchased

7.1.3. Potassium Dichrorrate (K 2Cr2 O7 ): primary standard grade

7.1.4. IN Potassium Diehrornate Solution: Accurately weigh 49.04 g of'potassiumn
dichromnate (dried overnight at 1050C) in a liter volumectric flask and dilute to
volume. Store in amber bottle and refrigerate. Replace after six months.

7.1.5. Ferrous Sulfate (FeS0 4 .*7 [-120): reagent grade

7.1.6. 0.5 N Ferrous Sulfate Titrant: Accurately weigh 140 g of FeSO4*7Hl2 0 into a I
liter volumectric flask and dissolve with 500 ml, reagent water. Caref'ully add 15
mL of concentrated sulfuric acid and allow to cool. Dilute to volume11 with reagent
water. Store in amber bottle and refrigerate.

7.1.7. Mercuric Sulfate (HgSO4 ): reagent grade

7.2. Standards

7.2. 1. Laboratory Control Sample

7.2. 1.1 IPotassiumn Hydrogen Phthalate (KHC81-b40 4 ), purchased

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1. Samples are stored in a glass container at 40 C ± 20 C.

8.2. Samples are not chemically preserved. In lieu of no guidance, holding timec is based on
water requirements.
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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-mL reagent water is being prepared 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.

9.2.3.2.1f 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)



8 77111 1
TOTAL ORGANIC CARBON (TOC) SOP No. NC-WC-0018
ANALYSIS FOR NON-WATERS Revision No. 2.1

Revision Date: 03/30/01
Page 7 of 12

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.l1.lf 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 parameter~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
from 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/DU precision results are not
necessarily representative of the precision for other samples in the batch.

9.4.2. Sample duplicates are perfonned at a frequency of 10% 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 iii the Laboratory Quality Manual
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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 and MDL Checks are established by the laboratory as described in SOP,
NC-QA-002 1.

9.6.2. MDLs arc 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. The ferrous sulfate titrant is standardized daily as follows.

1 0. 1.1. Pipette 10.0 mL of 1.00 N potassium dichromate solution into a 250 mL
Erlenmeyer flask and add 90-mL reagent water.

10. 1.2. Carefully add 30 mL 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 reddish-brown endpoint or to the first

color change after reaching an emerald-green color.

10. 1.5. Calculate the normality using the following equation.

10

niL ferrous sulfate

10. 1.6. Repeat steps 1 0.1.1I through 10. 1.5 two more times.

10. 1.7. The average of the triplicate standardization is used.

11. 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 approvcd 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. 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

I 1.3.2.lI.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.

11 .3.2.2.Place sample in a 500 rnL Erlcnimeyer flask and add 10.0 nl- of I N
potassium dichrornate.

II 1.3.2.3.Under a hfood, 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.

I l.3.2.5.Add 200 inL of reagent water and swirl to mix. If necessary, filter

sample through Whatman #4 filter.

11.4. Sample Analysis Procedure

1 1.4. 1. Add 2-3 drops ferroin indicator.

1 1.4.2. Titrate with 0.5 N ferrous Sulfate Solution to a reddish-brown enidpoint or first
color change after reaching an emecrald-green color.
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1 1.4.2.1 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

1 1.5. 1. Record all analytical information in the analytical logbook/logshct, 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. 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.

11.5.4. 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 =

[[(0)( PoassumDiebromate) - (inL Ferrous Sulfate) (N Ferrous Sulfate)j 00 1.3

L [O)NPtsimWeight of Soil (g)300x

Where: 1. 3 = Correction factor recommended in method
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12.2. TOC, %= mg/kg
10,000

12.3. LCS, %= TOC, % x 0
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/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) inl the fonn of laboratory
demonstrations of capabilities is maintained for this method in the laboratory QA
files.

14. POLLuTrION PREVENTION

14.1. Thiis miethod does not contain aniyspecif-icimodificationisthiat serve tominimiiiizecor
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.) are placed in the solid debris
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 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. STL 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-00 14

16.2.3. Statistical Evaluation of Data and Development of Control Charts, NC-QA-001IS

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. 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

17.2. 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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SCOPE AND APPLICATION

I . I. This method covers the determination of fluonide, 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. SUMMARY OF METHOD

2.!. A 25 uL volume11 of sample is introduced into the ion chromatograph. The sample is pumped
through three diflbrent ion exchange columns and into a conductivity detector. The first two
Columns, a precolUrmn or guard coIlum1n and a separator column, are packed with low-capacity,
strongly basic anion exchange resin. Ions are separated into discrete bands based on their
affinity for the exchange sites of the resin. The last column is a SUppresser column that reduces
the background conductivity of the eluent to a low or negligible level and converts the anions in
the sample to their corresponding acids. The separated anions in their acid form are measured
using anl electrical conductivity cell. Anions are identified based onl their retention times
compared to known standards. Quantitation is accomplished by measuring the peak height or
area and comparing it to a calibration curve generated from known standards.

3. DEFINITIONS

3.1. Refer to the glossary in the Laboratory Quality Manual (LQM).

4. INTERFERENCES

4.1I. Interferences can 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 chltes near, and can interfere with, the fluoride peak can
usually be eliminated by the addition of concentrated eluent to each standard and sample.

12/1 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

die ion chromatograms.

4.4. Any anrion 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 mng/l, this interference may not be significant; however,

it is the responsibility of the user to generate precision and accuracy informnation 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 manner 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

fully defined. Additional health and safety information 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 fume 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 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 associate. The situation must be reported immediately to a laboratory
supervisor.

12/18/03



8771121

DETERMINATION OF INORGANIC ANIONS BY ION SOP No. NC-WC-0084
CHROMATOGRAPHY Revision No: 3

Revision Date: 10/03/00
Page 5 of 22

6. EQUIPMENT AND SUPPLIES

6.1. Balance -- Analytical, capable of accurately weighing to the nearest 0.0001 g.

6.2. Ion Chromatograph -- Analytical system complete with ion chromatograph and all required
accessories 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 imm, Dionex lonPac AGI14 P/N 46134, or equivalent.

6.2.2. Anion separator column: The separation shown in Figure I was generated using a
Dionex lonPac AS514 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 suppresser device: Dionex anion micro membrane suppresser (P/N 37106) or
ASRS-Ultra Self-Regenerating Suppressor (4rrm) P/N 53946 or equivalent.

6.2.4. Detector -- Conductivity cell: approximately 1.25 UL internal Volunic, Dioncx, or
equivalent.

6.2.5. Dionex -PeakNet 5.1 Data Chromatography Software or equivalent.

6.3. Assorted laboratory glassware (pipettes, voIlumetric flasks, etc.).

7. REAGENTS AND STANDARDS

7.1I. Rcagent 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 ascertaincd that the reagent is of sufficiently high Purity to pennit its use
Without lessening the accuracy of the determination.

7.2. Reagent water: Distilled or deionized water, free of the anions of interest. Water Should contain
particles no larger than 0.20 microns.

7.3. EIlIuet Solution: sodium bicarbonate (CASRN 144-55-8) 1.0 nmM, sodium carbonate
(CASRN 497-19-8) 3.5 mM. Dissolve 1.680 g sodium bicarbonate (NaHCO3) and 7.417 g
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of sodium carbonate (Na2CO 3) in reagent water (7.2) and dilute to 100 ML in a volumetric

flask. Take 10 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

fr-om commercial sources. Primary and secondary sources are required for each target analyte.

7.4.1. Fluoride stock solution (1.00 niL - 1.00 mg F-): In a I liter volumectric flask, dissolve

2.2100 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 nml- = 1.00 mg Ct): Dry sodium chloride (NaCI) for 12

hours at 1050C, and cool in a desiccator. In a 1 liter 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 NO, N): Place approximately 1 0.0 g of

sodium nitrite (KNO2) 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 bottle.
Refrigerate and prepare monthly.

* 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 I170 0C in

an air oven.

7.4.4. Bromide stock solution (1.00 nML - 1.00 mg Br): Dry approximately 5.0 g of sodium

bromide (NaBr) for 12 hours at I105 0C, and cool in a desiccator. In a 1 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 N0 3- - N): Dry approximately 10.00 g of

sodium nitrate (KNO3) at 105 0C for 24 hours. In a I liter volumetric 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 ( I .00 ML =1. 00 Mg P04 - P): Dry approximately 1 0.00 g

of potassium dihrydrogen phosphate (KI-1P0 4) for I hour at 105 0C 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 = 1.00 mg SO4--). Dry approximately 5.00 g of
potassium sulfate (K2 S0 4 ) at 1050C for 1 hour and cool in a desiccator. In a I liter
volumetric flask, dissolve 1.8141 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- I100 mg/L,
N03f - N- 25 mg/L, P0 4 - P - 25 mg/L, S04-2 - 500 mg/L

7.4.9. Commercial stock solution B: N029 - N- 25 mg/L

7.4. 10. Commercial IC Spike solution A: : F- - 125 mg/L, Cr - 2500 mg/L, Br> 500 mg/L,
N0 3 ' - N- 125 mg/L, P0 4 - P - 125 mg/L, S04<-- 2500 mg/L

7.4.1 1. Commercial IC Spike solution B: NOf- - N- 125 mg/L

7.5. Working standards: Prepare calibration standard #5 in a I10 ml- volumectric flask and transfer to
a vial. Adjust the amount of stock solution used to prepare the working standards if the stock
concentration differs from 1000 mng/L as assumed Alternatively prepare Cal standard #5 by
mixing 4.0 rrnL commercial stock A, 4.0 niL commercial stock B and 2.0 mnL of reagent water.
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Calibration Standard #5

Analyte mnL of Stock Final Conc.

Fluoride 0.10ML I10.0 mg/L

Chloride 2.0 nml, 200. mg[

Nitrite 0.l0 ML 10.0Omg/L

Bromide 0.40 ml- 40.0 mg/L

Nitrate 0.10 ML 10.O mgiL

Ortho-Phosphate 0.10 nml, 10.0 mg/

Sulfate 2.0 mL 200. mg/L

7.5.1. In 5mL PolyVials prepare the following calibration standards in reagent gradecwater.
Final concentrations of working standards are shown below.

Calibration Standard #4: take 2.50 miL of calibration standard #5 and add 2.50 miL of reagent
water.

Calibration Standard #2: take 250 al, of calibration standard #5 and add 4.75 mL of
reagent water.

Calibration Standard # 1: take 25-0 il- of calibration standard #5 and add 4.95 ml- of
reagent xvater.

Calibration Standard #3: take 1.25 ml- 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 pL of Cal Final Cone
Std #5 _ _ _ _ _ _ _

Fluoride 0.05 mg/L

Chloride 1.0 mgiL

Nitrite 0.05 mg/L

Bromide _______ __ 0.20 mg/L

Nitrate 0.05 mg/L

Ortho-Phosphate _________ 0.05 mg/L

SUlfafte_ _ _ _ _ _ _ _ _ 1.0 ing/L

Calibration Standard #2 ________

Analyte 250 p.L of Cal Final Cone.
Std #5 _ _ _ _ _ _ _

FlUoridle 0.5 mg/L

Chloride I0. mng/L

Nitrite 0.5 mg/L

Bromide 2.0 ing/L

Nitrate 0.5 mg/L

Ortho-Phospliate 0.5 mg/L

Sulfatle 10. ing/L

12/18/03
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Calibration Standard #3 ________

Analyte 1.25 mL of Cal Final Conc.
Std #5 _______

Fluoride 2.5 mg/L

Chlonide _________ 50. mg/L

Nitrite _____ __ 2.5 mg/L

Bromide IO_________1. mg/L

Nitrate 2.5 mg/L

Ortho-Phosphate 2.5 mg/L

Sulfate 50. mng/L

Calibration Standard #4

Analyte 2.5 mL 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 mgIL

Ortho-Phosphate 5.0 rng/L

Sulfate I__ _ __ _ _ __ _ 00 mg/L

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 niL commercial stock B and 4.0 ml- of reagent water.

12/18103
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LCS & Continuing Calibration Verification Solution

Analyte Final Cone.
________ ________ (V ff5 m ])

Fluoride 2.5 mg/L

Chloride 50. mg/L

Nitrite 2.5 mg/L

Bromide 10. mg/L

Nitrate 2.5 mg/L

Ortho Phosphate 2.5 mng/L

SUMtht 50. mg/L

7.5.3. 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 prepare the mixture to be used for the Matrix Spike solution.
Alternatively purchase these mixes (ready to use) from a commercial source. Add I100
UL of each IC Spike Solution to 5 rnL of sample when preparing the MS/MSD. Dilute
as needed after spiking the sample.

Matrix Spike "True" Values

Analyte Final Cone.

Fluoride 2.5 mg/L

Chloride 50. nmg/L

Nitnite 2.5 mg/L

Bromide I0. mg/L

Nitrate 2.5 mg/L

Ortho Phosphate 2.5 rng/L

Sullhte 50. mng/L

NOTE: Stock standards, calibration standard #5 and LCS standard should be stored in the
dark at 40 ± 20C. Replace these standards when instrument response indicates target analyte
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degradation may have occurred or after the standard has expired (12 months commercial 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. The 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 arc as follows:

QuanTIMs Analyte Preservation Holding Time

Method Code ________ _____

EPA SW846 Fluoride 40 ± 20C 28 days
300.OA 9056A

CS 3C _ _ _ _ _ _

CX 3D Chloride 40 ± 20C 28 days

GO 3E Nitrite 40 ± 20C 48 hours

GM 3F Bromide 40 ± 20C 28 days

C9 30 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; staffing

from the time of extraction.

9. QUALITY CONTROL

9.1. The STL QC Program document provides further details of the QC and corrective action

guidelinies presented in this SOP. Refer to this documenit if additional guidance is required.
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9.2. Table I provides a summary of quality control requirements including type, frequency,
acceptance criteria and corrective action.

9.3. Initial Demonstration of Capability

9.3. 1. Prior to thc analysis of any samples by Ion Chromatography, the following requirements
must be meet:

9.3.1.1 .Method 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 thle entire
analytical proeedure. MDLs must be redetermined on an annual basis. The
spike level must be greater than the calculated MDL but less than or equal to
l0x the MDL. The result of the MDL decterrmination must be below the STL
reporting limit.

9.4. Batch definition: Preparation and QC batch definitions are provided in the 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
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
ol'interest above thle reporting limit.

9.6. Laboratory Control Sample (LCS): One LCS must be processed with each preparation batch
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 performiing the method within acceptable accuracy and precisiozi
guidelines. If thieresuilt isoutside established control limits the system is out of controlanid
corrective action must Occur. Until in-house limits are established, a control limit of 90 - I1I0%
recovery must be applied. Corrective action will be repreparation and reanalysis of the batch
unless the 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 different manufacturer than the stock, or neat material, used to prepare thle
calibration standard.

9.7. Matrix Spike/Matrix Spike Duplicate (MS/MSD): One MS/MSD pair Must be processed for
each QC batch. A matrix 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
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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/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. Spiking levels will be the same as the ECS values.

* If the MS/MSD recovery or RPD falls outside the acceptance range, the recovery of the

analyte must be in control for the ECS. 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 RPD 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 ±1- 10% of the

tine 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. E-stablish 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 column the instrument conditions are the same.
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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 instmument 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)b
must be 0.995 or better.

It. 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 Nonconfontnance
Memo and is approved by a Tcchnical Specialist and QA Manager. If contractUally required, the client
shall be notified. The Nonconfionnance Memo shall be filed in the project file.

1 1.2. Anly unauthorized deviations from this procedure must also be documeinted as a nonconfbonnance, with a
Cause and corrective action described.

11.3. 'fable 2 summarizes the recommended operating conditions for the ion chromatognaph. Included in this
table are estimated retention times that can 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.

11.5. Load and inject a fixed amount (25 ul-) of settled & filtered sample. If the sample is cloudy then it
should be filtered prior to loading into the autosarnpler 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 automated 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
measurements 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 anialyte.
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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. See 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
die 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 determinec 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 1 hour leachates and mg/L for 1 8

hour leachates of solid samples.
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12.4. Report NO2 - as N

N03- as N

l-lP0 4 - as P

13. METHOD PERFORMANCE

13.1. The reporting limiits for thiefollowing analytes are based on a25 uLinjection volume:

Analyte Water RL Soil RL

Fluoride 1.0 mg/L 10 mgikg

Chloride 1.0 mg/L 10 mg/kg

Nitrite 0.5 mg/L 5 mg/kg

Bromide 0.5 mg/L 5 mg/kg

Nitrate 0.05 mg/L 0.5 mg/kg

0-Phosphate 0.5 nig/L 5 mg/kg

SUlfibte 1.0 mg/L 10 mg/kg

13.2. The group/teaml leader has the responsibility to ensure that this procedure is perfbrm-ed by an
analyst who has been properly trained in its use and has the required experience. The analyst
mrust be given two blind performance samples to analyze or process for analysis. Upon
successful completion of the performance evaluation (PE) samples, these analyses will be
documented as initial qualification,. Requalification must be performed annually thereafter for
this procedure. The group/team leader must document the training and PE perfonnance and
submit the results to the QA Manager for inclusion in the associate's training tiles.

14. POLLUTION PREVENTION

14.1I. This method does not contain any specific modifications that serve to minimize or prevent
pollution.

I15. WASTE MANAGEMENT
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15. 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

17.2. Table 1, Quality Control Samples

17.3. Table 2, Standard Instrument Operating Parameters

17.4. Table 3, Retention Time Matrix

17.5. Figure 1, Example Chromatogram
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Determination Of Inorganic Anions By Ion Chromatography

Table 2
Establish ion

chromatographic
operating parameters A alzal samples in

Prepare claibration
curves

Verify the calibration peak exedwrig Yes-- Dilute sample
curves each workingrag
day or whenever the

anion eluent is
changed and for every

batch of samples

Aesample
aqeous orCalculate
extrat concentrations from

instrumental response

EXTRACTS

41

analyze standards
beginning with the So

highest concentration
and decreasing in

concentration, run std.
3 last.

ATTACHMENT #1
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TABLE I

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 hinital Calibration < the Reporting Limit Reprepare and reanalyze

(ICB) Verification and pnior to

____ ___ ___ ____ ___ ___ sam ple analysis

Laboratory Control 1 per batch of 20 samples Meets laboratory Reanalyze all samples

Sample (LCS) historical limits associated with
unacceptable LCS

Matrix Spike Sample I MS/MISD pair per Meets laboratory Supervisor's technical

(MS/MISD) batch or 20 samples - historical limits judgment

Continuing Calibration Between each group of IO 1% of true value Recalibrate and reanalyze

Verification (CCV) I O 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) I O injections and at the all samples since the last

end of the analytical acceptable CCB

sequence _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE 2

Standard Instrument Operating Parameters

Standard Conditions:

Eluent Pump Rate: 1.20 mnLmin (DX- 1 20 and DX-320)

Saniple Loop: 25 uL

Eluent: I .0mM sodium bicarbonate, 3.5mM sodium carbonate

Detector output Baseline conductivity should be 15 - 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

CI- 3.97 3.98 4.03 4.08 4.17

NO2 4.80 4.80 4.78 4.78 4.80

Br' 6.15 6.13 6.10 6.08 6.07

N03j 7.33 7.27 7.17 7.13 7.07

o-P0 4
2 9.53 9.53 9.52 9.50 9.48

so__2_ 11.50 11.48 11.43 11.38 11.27

* Analyte retention time is concentration dependent for most anions. Retention time increases with increasing
concentration fior chloride. Retention time decreases with increasing concentration for bromide, nitrate, ortho-
phosphate and sulfate.

12/1 8/03
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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
2320B. The working linear range is 5 to I1000 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. QuantiMs reference for total alkalinity is VC (3 10. 1) and LV (2320B).

2. SUMMARY OF METHOD

2.1. Anl unaltered sample is titrated to an eleetrometrical endpoint of pH- 4.5. The sample
must not he filtered, concentrated, or altered in any way.

3. DEFINITIONS

3.1. Refer 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 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, 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
aliqu[ots should be used to avoid a titration volume greater than 50 nmL.
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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 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 filly 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:

5.3.1I. 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 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. 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 super-visor.

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 A25 mLor 50 mL(preferred)

6.2. Alkalinity - Automated



8 77114 3
ALKALINITY (TOTAL) SOP No. NC-WC-0006

Revision No. 4
Revision Date: 02/06/01
Page 5 of 13

6.2. 1. Autotitrator

6.2.2. 50 mL centrifuge tubes

6.3. Alkalinity - Manual and Automated

6.3.1. pl- meter and electrode~s) 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 ±0.0 I g

6.3.5. Volumectric flasks: various

6.3.6. Oven

6.3.7. Desiccator

7. REAGENTS AND STANDARDS

7.1. Reagents

7.1.1. 0.02 N Sulfuric Acid: reagent grade, purchased, standardized monthly.

7.1.2. Sodium Carbonate (Na 2 CO 3): standard grade, dry overnight in Il8O0 C oven and
cool in a desiccator or purchased primary standard grade.

7.1.3. Sodium Carbonate Solution: Add 2.50g of Na 2 CO3 (record exact weight of
Na2 CO 3 used) to a lOOOmL volumectric flask and dilute to Volume with reagent
water. Mix well.

7.2. Standards

7.2. 1. Target Calibration Standard

7.2.1.1I. pl-l Buiffers: 4, 7, and I0 (Manufactured)
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7.2.2. Laboratory Control Sample

7.2.2.1. Alkalinity Standard, 25,000 mg/L CaCO3 , 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 ± 20 C.

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 beforc analysis. If other tests arc to be performed from the
same bottle, Alkalinity must be determined First. This is dependent on the lenctal
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 processcd 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 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
limit.

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 aqueous L-CS must be processed with each preparation batch. The LCS mu~st
be carried through the entire analytical procedure. The LCS is used to monitor
thle accuracy of the analytical process. On going monitoring of the L-CS results
provides evidence that the laboratory is performing the method within acceptable
accuracy and precision guidelines.

9.3.2. An LCS consisting of IlmL of the 25,000 mg/L alkalinity standard and 50 mL
reagent water or other commercially available reference solution is analyzed with

each analytical 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. 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 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.

9.4.2. An MS/MSD consisting of 1 mL of the 25,000 mg/L alkalinity standard and
50 ml- of the sample will be analyzed.

9.4.3. Corrective action for MS/MSDs

9.4.3.1. If the analytc recovery or RPD falls outside the acceptance range, the
recovery of that analyte must be in control for the L-CS. 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 L-CS 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/MSD exceeds 4x the spike
level for that analyte, the recovery data is reported as DIL (diluted out).

9.4.3.3. 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.

9.5. 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

1 0. 1. Instrument Directions
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10.1.1. Calibrate the pH meter according to the manufacturer's specifications. See pH
Electrode Method SOP # NC-WC-00 10.

10.2. Initial Calibration

10.2. 1. The pH meter is calibrated everyday with the 4 and the 7 calibration buffers and is
verified at the beginning of the run by using the 10 buffer. The p1- buffers
should bracket the sample concentration.

10.3. Continuing Calibration

1 0.3. 1. The pH- meter is checked every tenl readings with a midrange (pH 7) buffer to
ensure the calibration remain linear. The acceptance range for the calibration
check is 7 ± 0.05 pH units or recalibration is necessary.

II. 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 Nonconforniaiacc 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.

1 1.2. Anly unauthorized deviations from this procedure must also be documented as a1
nonconformance, with a cause and corrective action described.

11.3. Sample Preparation

1 1.3. 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 nl- reagent water and 0. 125 g
sodium carbonate (weighed accurately and recorded) with 0.02 N 1-2 S0 4 to a p1-
of 4.5. This should be performecd monthly or onl a new lot of acid (whichever is
more frequent). Calculate as follows:
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A xlOOO0
N =(manual)

53.00 x B

N A x 100 2 (Autotitrator)
53.00 x B SO

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 shakc sample.

11.6.2. 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 imL buret) to obtain good precision while keeping the
volume low enough to pennit a sharp end point

11.6.4. Place 50 mL of sample, or an aliquot diluted to 50 mnL with reagent water, in a

beaker. Begin mixingg; measure and record initial pH of the sample. Titrate the

sample to an endpoint of pH 4.5 with 0.02 N H-2S04. 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.

1 1.6.5. 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.

11.7.3. Place 50 mL of sample, or an aliquot diluted to 50 mL with reagent water, in a 50

nl- centrifuge tube. See Manufacturer's information for operating instructions.
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11.7.4. If 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 instmument make sure to check the
p1- of all the samples. If a sample has an initial pH of >4.5 and thc 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 logbookllogsheet, including the
analytical data from standards, blanks, LCSs, MS/MSDs, and any corrective
actions or modifications to the method.

1 1.8.2. All standards are logged into a department standard logbook. All standards are
assigned a unique number for identification. The Supervisor or designee reviews
logbooks.

1 1.8.3. Documentation Such as all associated instrument printouts (final runs, screens,
rerun1s, QC samples, etc.) and daily calibration data corresponding to all final runs
is available for each data file.

ll1.8.4. Sample results and associated QC are entered into the LIMs after final technical
review.

12. DATA ANALYSIS AND CALCULATIONS

12. 1. Alklwinity, ing/L CaCO 3 top11 4. = A x N x 50,000
;izL of samnple

1 2.2. LCS %A i ng / L x100
500 (trute)

MS/MSD` = B -C x100
500 (trite)

Where:

A = ml- of Titrant
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N =Normality of Titrant

B =MS/MSD, mg/L

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, I18th Edition,
1992,Alkalinity Methods, 2320B.

16.1.3. EPA 600, Methods for Chemical Analysis of Water and Wastes, pH, Method
150.1.

16.2. Associated SOPs

16.2. 1. Solid Extraction for Wet Chemistry Parameters, NC-WC-0073.

16.2.2. pH Electrode Method for Wet Chemistry Parameters, NC-WC-00l0O.

16.2.3. Statistical Evaluation of Data and Development of Control Charts, NC-QA-001l8.

17. MISCELLANEOUS (TABLES, APPENDICES, ETC...)

17.1. Reporting limits

17. 1. 1. The lower reporting limit (RL) for undiluted samples is 5 ing/L CaCO3.

17.1.2. Il'samples require dilution or smaller voIlumes than specified in this method, the
RL will be elevated.

1 7.2. Method Deviation

17.2. 1. A fixed endpoint of 4.5 is used for all samples since the sample conicentration is
ofIen1 unknown.

17.2.2. The Sodium Carbonate (Na 2 CO3 ) is dried at 180 0C overnight instead ofat 2500 C
for 4 hours.

I 7.2.3. The standard acid Solution is not boiled gently f1or 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) 376. 1. The working range is 1 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 are maintained and updated as necessary
by the laboratory QA department.

1.3. The associated QuantIMS method codes are TV (90308) 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 0C
and the hydrogen sulfide (HtS) 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
accomplishcd by suspending the sample in concentrated hydrochloric acid by vigorous

agitation. Tin (11) chloride is present to prevent oxidation of sulfide to sulfur by the metal
ion (as in copper (II)), 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(II) 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 thiosulf'ate.

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 selcction 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 15 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 information can be obtained from the
Material Saf'ety 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, 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 fumne 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 permit.

5.6. It is recommended that neat standards be purchased only as a last resort. Thc preparation
of standards from neat materials and reagents should be Conducted in a fumei 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 tztilizedl.
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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 SIL 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 mL Erlenmneyer 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 (HC1) 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 NaOH and 6.205 g
of sodium thiosulfate (Na2S2 O3 .5H20) to 500 mL of reagent water in a I liter
volumetric. Dilute to volume with reagent water. Store in a dark container. Also
available commercially.

7.l.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 mL with
reagent water. Weigh 2 g KIlin a 500 mL Erlenmeycr flask. Add 100 to
150 mL reagent water, 5 drops H{S04 and 20 mL biodate solution using a
volumectric pipet. Dilute to 200 mL with reagent water. Titrate with
Sodium Thiosulfate. When a pale straw yellow color is reached, add 1-2
ml- starch. Continue titrating from a blue to a clear end point.

*Notc: Biodate Solution may be purchased.

C1CalcuIat ion

NaS 2O3 Normnait'y = (a) (b)

a = miLs Biodate (20 niL)

b Normality Riodate (0.025N)

c n iLN of Nao2S20 3 Used to fit rate Repeat twoin more tinmes
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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.I.4.lI.Standardization 0.025 N Iodine Solution: Perform three method blanks
daily. Refer to method blank section in SOP.

Calculation

Normality Iodine -(Normality Na2S 2 3 )(mL of titrant NaA2 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 1 liter with reagent water.

7.1.6. Formaldehyde (37% solution), CH2O). This solution is commercially available.

7.1.7. Zinc Acetate for the Erlenmeyer flasks:

7.1.7. 1. For acid-soluble Zinc: Zinc acetate solution (approximately 0.5M).

Dissolve I l Og Zinc acetate, dihydrate NaC2 H3 O2 , in 800 mL of reagent
water. Add I mL 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, NaC2 H3 O2 , and I I 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 volumetric 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 1 -liter beaker. Slowly add concentrated HCI to bring th6 total volume
to I liter.

7.1.10. Tin (II) chloride, SnCl2, granular
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7.2. Standards

7.2.l1. Laboratory Control Sample

7.2.1.1. 2000 ppm Sulfide: Add 3.5 g of sodium sulfide to I100 mL of reagent
water in a 250mL volumetric 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

7.2.2.1 ]Prepare a midrange matrix spike standard as described in 7.2.1 for use as a

MS/MSD.

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1. Waters are prescrved to a pH > 9 with NaG!] and zinc acetate. Non-water samples are
unpreserved. All matrices are stored at 40 C ± 20 C in plastic or glass containers.

8.2. Tile holding time is seven days from sampling to analysis.

9. QUALITY CONTROL

9.1. Batch Dehinition

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 tile
,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 ofelevatcd analyte concentrations or false positive data. The
method blank should not contain any analyte of interest at or above thle reporting
liniit.
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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 Blanks

9.2.3.lI.lf 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.

9.2.3.2.1f 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 ml- for Method 376.1 and 1.0 mnL for
Method 9030B (water samples) or 1.0 ul- (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

9.3.3.1 I.f 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 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.

9.4.2. A MS/MSD consisting of 30 g or 250 mL of the sample and 2.5 mL for Method
376.1 or 1.0 nl- for Method 9030B of 2000 ppm sulfide standard should be
analyzed with every 20 samples.

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 anialyte 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 tli native analyte concentration in the MS/MSD exceeds 4x the spike
level for that analyte, the recovery data is reported as "amount" MSB. Thle
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.lfani 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.

9.5. Control Limits

9.5. 1. Control limits are established by the laboratory as described in SOP, NC-QA-
001 8.
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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 LIMs (QC Browser
program).

9.6. Method Detection Limits (MDLs) and MDL Checks

9.6.1. MDLs and MDL Checks 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 proceduresimust be documentcd 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 . . 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 he
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 tiled 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 376.1

11l.3.I.lI.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 l.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.lf the sample is aqueous, shake the sample container to suspend anly
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.

I 1.3.2.3.lf' 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 inl
proportion to their abundance in the sample. Reagent water may be added
uip to a total VOILume1 of 250 mnL.

1 1.3.3. Solids and Waste Samples, Method 9030B

1 1.3.3.! .Weigh out 30 g ±1- 0. I g of homogenized sample and put into thle
reaction flask.

II 1.3.3.2.Samples that are not water miscible (oils, various solvents) cannot be
analyzed using this method.

11.3.4. 9030B Distillation

I 1.3.4.1.Acid Soluble Sulfides:

I11.3.4.1.1.Add 30g +/- 0.Ig of solid sample plus 200 mLl of reagent water
or 250 mL of aqueous sample and a stir bar to the reaction flask

I11.3.4.1 .2.Attach the reaction flask to the distillation apparatus Such that
thc bottom of the reaction flask does not touch the bottom of the
crystallizing dish (submerge approximately 1/3 of thle flask in the
warmi water).

I11.3.4.1.3.Add 100 mlL of 50% H2S04 (7.1.8) to the addition flask and
place in the center neck of thle reaction flask. Attach the nitrogen
flow line to the top of the addition flask.
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11.3.4.1.4.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.

I1l.3.4.1.5.Corinect 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 70'1C in the water bath.

I 1.3.4.l.8.Fill the crystallizing dish with 650 -700 mL of reagent water
and place on the hotplate/stirrer. Turn on the hotplate to a setting

of "6" for approximately 15 - 20 minutes. Turn down to a setting

of "4" to maintain a temperature of 70 0C, +/- 5<C.

11 .3.4.2.Acid-Jnsoluble Sulfide:

1 1.3.4.2.1I.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 HC1, 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.

I11.3.4.2.2.lf the matrix is aqueous, then a maximum of 50 g of the sample
may be used. No additional water may be added.

lI1.3.4.2.3.lf 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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11 .3.4.2.4.Add 5 g SnCI to each distillation flask

II1.3.4.2.5.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 Erlenmeyer flask. Add 40 mL DI
water.

I l.3.4.2.6.Add 1 00 +/7- 1.0 mL of 9.8N HCL to the addition funnel.
Connect the nitrogen line to the top of the funnel and turn the
nitrogen on to pressurize the dropping funnel headspace.

II 1.3.4.2.7.Set the nitrogen flow at 25 mL/min. The nitrogen in the
Erlenmeyer 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 form a vortex. If not, the distillation
will exhibit poor recovery. Add all the HICI from the dropping
funnel to the flask.

I 1.3.4.2.9.1-leat the water bath to the boiling point (100('C). the sample
may or may not be boiling. Allow the purged distillation to
proceed Ibr 90 minutes at 100 'C

*Note: Watch water dishes so they don't go dry!

1 1.4. Sample Analysis

1 1.4.1I. Summary

1 14. 1.1 .Exccss iodine is added to a sample and under acidic conditions is back

titrated with sodium thiosulfarte from a blue to a clear color.

11.4.2. Sample Analysis Procedure

1 1.4.2.1 IMethod 376. 1: Place the filter pad from the filtered water sample in a 500
ml- Erlenmneyer flask. At this time, add any spiking solutions if necessary
for the filtered water samples. Add 20.0 rnL .028 N Iodine Solution and I -
2 mL 1: I FICI Solution (watch for fumes). Cheek the p14I prior to titration
to make Sure it is less than 2. If the ph-i is not <2, add additional acid.
Add 250 nmL reagent water only for the water samples and mix. Add I
squirt (1-2 nl-) 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. 90301B/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 HC I solution. (More HCI 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 the
titrant is added too quickly.

I 1.4.2.3.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, the sample must be re-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

11.5.1L Record all analytical information in the analytical logbook/logshcet, 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.

11.5.2. 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 inns, 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 LIN~s after final technical
review.
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12. DATA ANALYSIS AND CALCULATIONS

12. 1. Calculations

Sulide in /L o mg/ k =(A xB) - (C x D)] x 16, 000
mL or g of sample usved

Where:

A = nL of iodine solution

B = Norynality of iodine solution

C = iL of sodiumi thiosuilfate titrant

D = Normnality ofsodium thioisuyifie titrant

Su~deing/ Lor ng kl, (20 - mzL fthrum) x 400
ntL or g of saniple us ed

L CS% l~ecovcry -=nigL (fromt 12. 1. 1)x 100
20 (true)

Note: The true value of the standard is determined daily.

12.1.2.

M S/M SD % Recovery =ABx 100
20 (waters) or I 000 (solids)

Where:

A = (20 - inL titrant for MS/MSD,) x 400

B = Concentration Jron 12. 1.1 x YnL or g of saniple uesedi
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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
9030 B.

16.1.2. EPA 600, Methods for Chemical Analysis of Waters and Wastes, Sulfide
(Titrimectric, 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, Titrirnetric
Procedure for Acid-soluble and Acid-inlsoluble Sulfides, Method 9034.

16.2. Associated SO1's 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-00l18

16.2.4. Method Detection Limits and Instrument Detcction Limits, NC-QA-0021I

16.2.5. Navy/Army SOP, NC-QA-0016

17. MISCELLANEOUS (TABLES, APPENDICES, ETC...)

17.1. Reporting limits

1 7. 1.1. The lower reporting limits (RL) are I mg/L for waters and 50 mg/kg for solids.

17.1.2. If' samples require dilution or smaller volumes than specified 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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to those pantics unless those parties also specifically agree to these conditions.

THIS DOCUMENT CONTAINS VALUABLE CONFIDENTiAl. AND PROPRIETARY INFORMATION. DISCLOSURE,
USE OR REPRODUCTION OF THESE MATERIALS WITHOUT THE WRITTEN AUTHORIZATION OF SEVERN TRENT
LABORATORIES IS STRICTLY PROHIBITED. THIS UNPUBLISHED WORK BY SEVERN TRENT LABORATORIES ISPROTECTED BY STATE AND FEDERAL LAWS OF THE UNITED STATES. IF PUBLICATION OF THIS WORK
SHOULD OCCUR, THE FOLLOWING NOTICE SHALL APPLY:

©COPYRIGH-T 2004 SEVERN TRENT LABORATORIES, INC., INC. ALL RIGHTS RESERVED.

1.0 IDENTIFICATION 0OF 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 20th
ed., Method 5560 Organic and Volatile Acids.

2.0 APPLICABLE MATRIX

2.1. This method is applicable to surface water, groundwater, wastewater, drinking 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 mg/U

3.1.3. Butyric Acid -I mg/L

3.1.4. Lactic Acid -I mg/L

3.15. Formic Acid -I mg/L

qPVPPN TrRriJ I AROPA'r(lPTFS -nNrlnT)4T1A1 AN~ PpnROPPi-ARy



8771172
400 STL Buffalo

LABORATORY STANDARD OPERATING PROCEDURES

SOP No. Revision No. Date
AWC-V'FA-20 1 February 4, 2004 Pgeol I

TITLE: Volatile Fatty Acids
Supercedes: Revision 0

3.1.6. Pyruvic;Acid -l1mg/L

3.2. MDLs 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.

54) 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 electnical 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,
gglassware and other sample processing apparatus that lead to discrete artifacts or an
elevated baseline in the ion chrornatograms.
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7.3.1 All samples must be filtered through a 2Ourn filter before injection. If particles
contaminate the guard or analytical coluimns, follow the manufacturer's suggestions for
cleaning, or simply replace the colurmn.

8.9 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. PRIMARY 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 are 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, -skin adeys
Butyric Symptoms may include coughing, shortness of breath.
acid Symptoms include redness, itching, and pain.
Fatty Acid Corrosive NA May irritate eyes and/or skin. Irritates Respiratory

Custom tract. Low blood pressure. Dermatitis. Pulmonary
mix edema. Lung damage.

lOO0ppm in
water

I- Always add acid to water to prevent violent reactions.

2 - Exposure limit refers to the OSHA regulator exposure limit.

9.0 EQUIPMENT AND SUPPLIES

9.1. Jon chromatograph complete with all required accessories:
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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.

9.1.4. Pump able to deliver 1.2 ml/min 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. 1 0 ml syringes and 0.2 urn syringe filters for colored samples

9.4. Analytical balance, capable of weighing to the nearest 0.0001Ig.

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. Reggenerant Concentrate (TetraflutylAnumoniurn Hydroxide TBAOH) from VWR

catalog# (JTV365-7) 0.4M water solution.

10.311 Regenerant solution (I10mM): Add 50mI 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. Eluent Solution (I.0mM.): Weigh 0.21g of the Heptafluorobutyric acid (10.4) to
I litcr with reagent water or 250u1 into 2 liter
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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 Pyruvic. 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 (1 0.7, 10.8, 10.9, 1 0.1I0).

10.6. Calibration standards: all are made from dilutions of the Multi Element IC Standards in
reagent water.

10.6.1I. 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.

Level 1 Level 2 ILevel 3 lLevel 4 le0vel5
Stock solution 25u1 50ul 125u1 250u1 1.2Snl

Final Volume 25m1 25ml 2i5-m1 25-m1 25ml

10.6.2 The final concentrations of each anion in the 5 calibration points are summanized
below.

LevellI Level 2 Level 3 Level 4 Level 5
_________ (mIL) ~a~L.. mgIL Pr~4......(mn/LbL).

Formic 1 2 5 10 50
Propionic 1 2 5 10 50

Butyric ~ ~1 2 5 10 50
Lactic __ 1 2 5 10 50
Formic 1 2 5 10 50
Pyrluvic ~ 1 2 ~ 5 ~ 10 ~ 50

10.7. ICV/CCV/LCS, MS and SD (MSD) solution: 5O0ul of the Multi Element IC Standard
diluted to lO0mI with reagent water. The final concentration for each acid in the
solution is as follows:

_______ICV & CCV/LCS

Propionic J5m/
Butyric6rg/
Lactic........' ng/
Formic 5mI
Pyruvic pro-., in5--otnu/
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11.0 SAMPLE COLLECTION, PRESERVATION, SHIPMENT 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 & oz. wide mouth amber
j ars.

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, CGB): To determine freedom from
contamination, prepare one calibration blank (IGB) at the beginning of the analytical
procedure and another (CCB) 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 USAGE samples should be less than half theS5Th
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: Anialyze either a Matrix Duplicate (MD) or a Mvatrix 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 1 Oml of sample
with 50u1 of Multi-analyte Stock solution (1000mg/L) 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 origin.

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 verif 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 theion chromatographbas 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
5P1'S. Adjust restrictor at the end of the regenerant waste line to allow for 3-5mi/miin.
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 run. Set sample
run time to 64 minutes.
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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

14.3.1I. 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 column 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 columrn and irreversibly damage it. If
in doubt, clean each column separately.

14.3.2. Set the pump flow rate to 1.0 mI/minl for the ICE-AS6 analytical.

14.3.3. Rinse the column for 15 minutes with reagent water before pumping the 0.lM
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 column 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 eluent before resuming normal operations for at
least 30 minutes.

14.3.7. Reconnect the ASRS-Ultra to the 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= K0+ K1 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.
Kl is the coefficient for the first-degree variable. When the fit type is linear, Kl1
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 sample 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 perfonned 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/LGS 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 LTMs system. If the
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lab calculated limits are wider than the method limits, 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 STh
Buffalo quantitation limit for each anion.

18.0 CORRECTIVE ACTIONS FOR OUT-OF-CONTROL DATA

18.1. If acceptance criteria are exceeded for any QC element, all related samples and check

standards must be repeated.

19.0 CONTINGENCIES FOR HANDLING OUI-OF-CONrROL OR UNACCEPABLE 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.

20.2.1 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 mg/L to I mg/L

23.2 Changed the concentration of the regenerant solution from 4 MM to 10 mMM

23.3 Changed the concentration of the eluent solution from 0.6 mM to 1.0mMM

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
1GB
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 lvl_______ ethd ________ Batch fi___________

Comment# Comment

2 Sanple(s) was diltdfrmuciiefrne
S Sample(s) waS dlute frexcesstve tal
4 Sample~s) was diluted for turbidity.
5 INA
6 INA
7 NA
B Sample(s) was diluted for high Con~centration Of target analyle
9 Samnple(s)wadutdfrtbity

10 Samnple(s) was ddluted for color.
I1I There was Insufficient vo~urne for a lowerdiuon
1 2 Sanmple(s) was diluted for vicsiy
1 3 Saniple(s) was diluted for other rao dti eutd
14 Sonmple(s) req~uired re-runtovryreu.
Is Sarmple(s) requires re-rn I.vrf eito rmhsoia eut
16 Sampes requIire re-run for CCB failure

¶7 Samnple:s) affected by elevated OCB are great.r than lHx detection limi-t~
18 Samiplo was colored

19 Sample(s) wsrcived outsade of Holding Times.
20 Sample(s) 00ntalned a high amount of SCtebenaeil
21 Samnple(s) Contained a high amount of suspeddmteil
22 Sample(s) were centrifuged for turbidity.
23 Trewsnsfcitvouefrnaysofsmlatmtoreurdvolumne.
24 Tere was insufficient volume for reanalysis of th apln )
25 Therm was Insufficient volume for dilution of the sample(s).
28 hr o nufcen ouetrDpSk

1 27 Sample(s) was cloudy
1 28 ISee accompanying Job Exception Report

Comments and Corrective actions

itU Sample(s)
Ut Sample(s)_____________________________________

kU Sample(s)__________________________________

CCV/CCB Compliant? NA___ YES - NO _ (see reason below)

Technician _______ Date____

2w Review _______ Date______ Number of Reanalysis for this batch:______
Review ______ Date______WCS&nwr.yRev 1 7-2003
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1. SCOPE AND APPLICATION

*. I. 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 detenriining 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 CER Part 261 to determine 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 Ieachate 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 tI-i
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 fluids will dominate
leaching chemistry 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 mectallic and organic compounds and, in some cases, lower detection
limit requirements (see 40 CFR 268.40). TCLP leachates are part of the new
Universal Treatment Standards, but the conventional analytical methods will not
necessarily meet the new regulatory 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 simulate 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 13 12. 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 differences may exist between the SPLP and TCLP they are distinguished within this
SOP.

1 .4. The procedure is applicable to liquid, solid, and rultiphase wastes.

1.5. The results obtained are highly dependent on the pH offthe extracting solution, 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 carefully

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 inn. 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 he used to demonstrate that a waste is hazardous, but

only the ZHE option can be used to demonstrate that the concentration of volatile organic

compounds is below regulatory limits due to potential analyte loss into the headspaee 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 imr 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 fihnction of the alkalinity

of the solid phase of the waste. For SPLP, the extraction fluid employed is a fInaction 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 Headspace Extractor (ZHE) 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 pim 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 arc 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 firaction of a waste sample from which no liquid may be forced out by
pressure filtration.

4. INTERFERENCES

4.1. Oily wastes may present unusual filtration anid 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 fohr total concentrations of contaminants will be perforined. This applies
specifically to samples containuing viscous non-aqueouIs 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
fromt interferences under the conditions of the analysis by analyzing method blanks as
described in Section 9 and the individual deternminative SOPs.

4.4. Glassware and equipment contamination may result in analyte degradation. Soap residue on
glassware anid equipment may contribute to this. All glassware and equipment should be
rinsed very carellilly 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 STL

associates.

5.2. Eye protection that satisfies 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 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 been classified as carcinogens, or potential carcinogens, under

OSHA include:
Methylene chloride

5.3.2. Chemicals known to be flammable are:
Methanol

5.3.3. The following materials are known to be corrosive:
Hydrochloric acid, nitric acid, sulfuiric acid, acetic acid, sodium hydroxide

5.3.4. The following materials are 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 none 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 tip 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 Rime 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
solvents Such as methylene chloride will be conducted in a Rime hood with the sash closed as
far as the operation will perniit.

5.10. All work must be stopped in the event of a known or potential compromise to thle health and
safety of'a ST[ associate. The situation must be reported immediately to a laboratory
Supervisor.

5.1 1. Due to the potenitial for ignition, flammability or production of noxious fumes, do not attempt
to dry non-aqueouIs liquid samples in an oven. Use extended drying in a ventilation hood.

6. EQUIPMENT AND SUPPLIES

6.1I. Extraction vessels

6.1I.1I. For volatile analytes - zcro-hcadspaee extraction (ZHE) vessel, gas-pressure
actuated, Millipore YT3009OHW 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 I-IDPE (Nalgenec or equivalent) bottles may be used.

6.1.3. For non-volatile organies - only borosilicate glass may be used.

6.2. Vacuum filtration apparatus and stainless steel pressure filtration apparatus (1 42 nmm
diameter), capable oft0 - 50 psi.
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6.3. Borosilicate glass fiber filters, 0.6 - 0.8 pm (Whatman GE/F 14.2 cm, 9.0 cm, 4.7 cm, 0.7

pmr 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 fr-agile 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 anr 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 ± 0.01 g (all measurements are to be within ±0.1I

grams).

6.7. pH mcter and probe capable of reading to the ncarest 0.01 unit, and with automatic
temperature compensation.

6.8. pH probes.

6.9. Magnetic stirrer/hotplate and stirring bars.

6.10. VOA vials, 40 miL, with caps and septa.

6.11. Glass bottlcs, I liter, with Teflon lid-inserts.

6.12. Nalgene plastic bottles or equivalcnt, 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

cquivalent. For volatile constituents, watcr must bc 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 rnL concentrated reagent grade H-CI to 800 mL

reagent water, cool and dilute to 1 liter with reagent water. Cap and shake to mix well.
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7.3. Sodium hydroxide, I N: Careflully 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. pH calibration solutions: buffered to a pH of 4, 7, and 10. Commercially available.

7.5. TCLP Leaching Fluids

7.5.1I, Genenil Comments

7.5. 1. T`hle p11 of both Solutions listed below should be monitored daily and the pH
probes are to be calibrated prior to use.

7.5.1 .2.Tlie leaching fluids MUST be preparcd correctly. If the desired pH range is
not achieved and maintained, the TCLP may yield erroneous results due to
improper leaching. If the pH is not within the specifications, the fluid must be
discarded and fresh extraction fluid prepared.

7.5.1 .3.Additional volumes ofcextraction fluids listed below may be prepared by
mu)Lltiplyinlg the amounts of acetic acid and NaOl-I by the number of liters of
extraction fluid required.

7.5.2. TCLP Fluid #1: Carefully add 5.7 mL- glacial acetic acid and 64.3 mL of I N
NaOFlI to 500 mL reagent water iii a I liter volumetric flask. Dilute to a final volume
of I L with reagent water, cap and shake to mix well. For 8 L of fluid use 45.6 mL
glacial acetic acid and 514 ml- IN NaOFI, dilute to 8 L with reagent water. When
correctly prepared, the p1- of this solution is 4.93 ± 0.05. The density of TCLP' fluid
#I is 0.997 g/mL.

7.5.3. TCLP Fluid #2: Carefully add 5.7 ml- glacial acetic acid to 500 mL reagent water in
a I liter voIlumetric flask. Dilute to a final volume of I L with reagent water, cap and
shake to mix well. For 8 L Of fluid use 45.6 muL glacial acetic acid, dilute to 8 L with
reagent water. When correctly prepared, the p1- of this solution is 2.88 ± 0.05. The
density of TCLP fluid #2 is 0.997 gWnL.

7.6. Nitric acid, 50% solu1tionl: Slowly and carelblly add 500 ml- concentrated HNO3 to 500 ml-
reagent water. Cap and shake to mix well.
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7.7. Sulfuric acid / nitric acid (60/40 weight percent mixture) H-2S0 4/1TN0 3. Cautiously mix 60 g
of concentrated sulfuiric 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 sulfurtic 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 watcr 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
formation of hydrogen cyanide gas.

7.9. Methanol and mnethytene 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 maimer 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 +4 2PC). Samples should be opened only
immediately prior to extraction.



877119,5
SOP No. CORP-IP-0004NC
Revision No. 1.1I
Revision Date: 10/10/00

TCLP and SPLP Leaching Procedure Page: 12 of 51

8.4. Samples should be refrigerated to 4 ± 2'C unless refrigeration results in in-eversible 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 I0% solids, several kilograms of
sample are required to complete the analyses. The general minimal requirements whe n the
samples are 100% solids include: I - 32 oz jar for semii-volatile organic analysis and metals,
and I - 4 ozjar 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),
minimum requirements are 2 - 32 ozjars for semi-volatile organic analysis and metals, and 2
- S oz jars for volatile organic analysis. If volatile organic analysis is the only requested
parameter, 2 scparate 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 aiid the client should be notified as soon as possible.

8.6. TCLP leachates Should be prepared for analysis and analyzed as soon as possible following
extraction. Leachates or portions of leachates for metallic anialyte determinations must be
acidified with nitric acid to a p1-I less than 2, unless precipitation occurs. Iffprecipitation
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 leachates should be stored under refrigeration (4 ± 2WC) until analyzed.
ZIHIF Icachates must be stored in VOA vials filled to eliminate all headspace.

8.7. Samples are subject to appropriate treatment within the following time periods:

_____________ Table I - Holding Times (days) _______

Collection to End of TCLP Start of TCLP Leach Total Elapsed
parameter Start of TCLP Tumble to or Semi- volatile Prep Time

______________ Leach Preparation Extraction to Analysis
Volatiles: 14 N/A 14 28

Seiri-volatiles: 14 7 40 6 1

Mercury: 28 ~N/A 2856

Other Metals: ISO N/A ISO 360

NOTE: The initial holding time is measured Ironi date ol collection to date TCLP extraction started. (This should be the
fCUp extraction date in QuanTims.) Semni-volatile method prep holding timre is measured fromt the day tumbling is complete
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to the start of method extraction. Subsequent analysis holding times are measured from the date extraction (TCLP or method

prep) starts. If sample holding times are exceeded, the values obtained will be considered minimal concentrations Exceeding

holding times 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 STh 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 aftcr 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 Ieachate. 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 analyte measured in the sample is within 20% of the
dppropflate 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 on how to perfonn MSA analysis.

10. CALlIBRATION AND STANDARDIZATION

10.1. Refer to appropriate analysis SOPs.

II. PROCEDURE

I11. 1. GENERAL COMMENTS

I I.].]. One-time procedural variations are allowed only if deemed necessary in the
professional judgment of supervision to accommodate variation in sample matrix,
radioactivity, chceiistry, sample size, or other parameters. Any variation in
procedure shall be completely documented on a Nonconformance Memo kept in the
project tile 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 documented as a nonconformance, with
a cause and corrective action described.

I11. 1.2. All masses should be recorded to thre nearest 0.1I g.

11.2. PRELIMINARY SAMPLE EVALUATIONS (Refer to Flow 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) Volume
~~~~~~~(mL)

Volatiles 3 x 40 3 x 40

Semi-volatiles 500 1000

Pesticides 500 1000

Herbicides 500 1000

Metals 300 300

1 1.2. 1. 1. For TCLP and SPLP samples used for matrix spike and matrix spike

duplicate analysis, two to three times the listed volumes are required.

IL .2.2. Sample Description (determine sample matrix)

I 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 discerniible 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, rcsample, etc.) if this occurs.

1 1.2.3. Solids Determination

1 1.2.3.1I Determine Type of Filtration Apparatus and Process

11.2.3. 1.1 .Percent Solids and ZHE Extractions - The ZHE 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
the ZHE extraction.

I11.2.3.1 .2.If 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)

I11.2.3.1 .3.11f 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 1 1.2.3.3).

I 1.2.3.2.Detenniniation of percent dry solids

1 1.2.3.2.1 IMeasure and record the weight of the filter. Load the filter into
tile filter holder and assemble vacuum filter apparatus.

I 1.2.3.2.2.1-Homogenize the waste, then transfer I100 g subsample to a glass
beaker. Record the sample weight iii the percent dry solids section
of the logbook.

II 12.3.2.33.Tur on vacuum Source. Transfer the sample to the vacuum
filtration device attempting to spread the waste sample evenly over
the surface of the filter. Be sure to transfer all particulates from the
beaker to the filter. Use a reagent water rinse if necessary.

I l.2 .3.2.4.Once all liquid has been pulled though the filter, remove the tilter
with the wet solids fromt the vacuum filtration apparatus.

II 1.2.3.2.5.Dry the filter and solid phase at 100 ± 200' C for approximately
15 minutes.

I 1.2.3.2.6. Remove the filter fromn the oven and allow to cool in a desiccator.

II 1.2.3.2.7.Weigh and record the dry weight of filter ± particulates.

II 1.2.3.2.S.Calculate and record the percent dry solids.
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1 1.2.3.2.9.lf 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 1%.

1 1.2.3.2. l Oif 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.

II 1.2.3.3.Deten~nination 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 pmo filter membrane).

II 1.2.3.3.2.H-omogenize the waste, transfer a minimum of a 100 mL
subsample to the glass beaker. Measure and record the gross

weight (logbook column A).

I11.2.3.3.3.Measure and record the tare weight of the filtrate collection bottle

(logbook column D).

I11.2.3.3.4.Transfer the sample to the filtration device attempting to spread
the waste sample evenly over the surface of the filter. Measure and

record the tare weight of the empty glass beaker and any residual
sample (logbook column B).

I1l.2.3.3.5.Calculate and record the net weight of sample used for testing
(logbook column C).

II 1.2.3.3.6.Slowly apply gentle pressure of 10 psi to the filtration apparatus.
Allow the sample to filter until no SIGN IFICANT additional liquid

has passed through the filter during a 2 minute period.

II 1.2.3.3.7.lf necessary, repeat previous step by increasing the pressure in

10 psi increments until a maximum of 50 psi is reached. Stop the

filtration when no additional filtrate is generated xvithin a 2 minute

period.
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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 are classified by the method as a solid.

II 1.2.3.3.S.Rcemove 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. 1 O.Pour the filtrate into an appropriately sized graduated cylinder.
Measure and record thc volume of the filtrate in the logbook.

1 1.2.3.3.11I Retain the filtrate for possible recombination with the leachate in
Section 1 1.3.6. Retain the filter and wet solids for the leaching in
Section 11.3.

1 1.2.3.3.1 2.For multiphase sample preparations, calculate the total weight of
wet solids and record the result in logbook column G.

1 1.2.4. Particle-size Reduction For Fluid Selection

1 1.2.4.1 The subsamnple used fbr fluid selection must consist of particles less than
approximately I mmn in diameter (versus the less than I cmn requirement fbr
the niaterial used for the actual extraction). The method requires a smaller
particle size to partially compensate for the shorter duration of contact time
with the Ieachate solution as compared to the full extraction. Inappropriate
USe of coarser materials could result in the selection offthe wrong fluid type.

II 1.2.4.2.Sturfacc area exclusion - size reduction is not required if the sample surface
area is greater than or equal to 3.1 cn-i per gram.

II 1.2.4.3.lf the sample contains particles greater than approximately 1 mm in
diameter, crush, cut, or grind the solids to the required size.

I 1.2.4.4.COInSuLt a Supervisor or manager when dealing With unusual sample matrices
(e.g., wood, cloth, metal, brick).

1 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.

1 1.2.5.2. 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.

I11.2.5.3.For SPLP, refer to Section 7.8 for fluid selection. Record the fluid type in
the logbook.

I 1.2.5.4.The TCLP leaching fluid for all volatiles is TCLP Fluid #L.

II 1.2.5.5 .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.

II 1.2.5.5.2.Weigh out a 5.0 ± 0.1I g subsample (less than 1 mim 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 multiphase samples have limited solids quantity . In
these instances use aS5 g aliquot of the whole sample. Document this
difference in the logbook comment section.

I11.2.5.5.3.Add 96.5 ± 1.0 mL of reagent water, cover with a watchglass,
and stir for 5 minutes.

I11.2.5.5.4.Measure 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.

I11.2.5.5.5.lf the pH is less than or equal to 5.0, use TCLP Fluid #1L

II 1.2.5.5.6.If the fluid pH is greater than 5.0, add 3.5 nil I N RCd. Slurry
the sample 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 50'C 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.

II 1.2.5.5.7.Cool to room temperature.

II 1.2.5.5.8.Mcasurc 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.

I 1.2.5.5.8,2.If the pH- is greater than 5.0, use TCLP Fluid #2.
Record the buffhr in the logbook.

I 1.2.6. For samples requiring 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 (ZHE), proceed to Section 1 1.4.

1 1.3. BOTTLE EXTRACTION PROCEDURE: NON-VOLATILE CONSTITUENTS: SEMI-
VOLATILES, PESTICIDES, HERBICIDES, METALS (Refer to Flow Chart #2,
Appendix D)

1 1.3.1. Evaluate the solid portion of the waste for particle size. If it contains particles greater
than I em in size, prepare the solid portion of the waste for 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 nmm, 0.375 inch, standard sieve). Size reduction is not
required if the sample Surifice area is greater than or equal to 3.1 cm2 per grain. If
particle size reduction was required, record this in comments column in logbook.

1 1.3. 1.1 ]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.
Determnination of'particle size reduction tools should take into account the
requested analytes (e.g. avoid chromium steel tools when TCLP metals hlave
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 1 1.2. 1.

1 1.3.3. Use 1 00 g of solid unless sample quantity is limited. If limited sample, divide the total

volumne 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 1 00 g of solid material is used.

Note: Solid phase material is often in limited 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

1 1.3.4. 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 in the logbook if other than 2000 mnL.

11.3.5. Ensure any effervescence has stopped before capping the bottle tightly. Secure in 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

1 1.3.6. 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 leachate and must be bottled and analyzed separately- The

results are normally mathematically recombined (Section 12.1 .2). If the filtrate is

compatible with the leachate (ic completely soluble) then pour the entire filtrate into

the leachate bottle, recap and mix. Proceed with the lcachate 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 must be acid washed if metals are to be
determined (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 pH paper or ISFET pH meter 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 organics). Refer to the
appropriate determinative SOPs for further guidance on the spike components, levels
and action criteria.

1 1.3. 1 0.lmmnediately preserve the leachate as follows:

Metals pl-1 < 2 w/ PING 3 for aqueous filtrates and leachates
(do not acicfitV oils and other non-aqueous liquids)

All others Refirigerate to 4 +E 2 '~C

Note: Relbr to Section 8.6 il' precipitation occurs upon preservation.

1 1.3.11I Label each sample with the appropriate information and submit to the appropriate
analytical groups for prep and analysis. For niultiphase 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 catty 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 com pleted.

11.4. ZHE EXTRACTION PROCEDURE: VOLATILE CONSTITUENTS (Refer to Flow
Chart #3, Appendix D3)

11.4.1. Use the ZHE device to obtain a 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 of nion-volatile analytes (e.g., metals, pesticides, herbicides and semi-
volatile organics).

1 1.4.2. Due to some shortcomings of the method, losses of volatile compounds may occur.
Extra care Should be observed during the ZHE 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 ZHE piston in the ZHE body to the appropriate

height (slightly moisten the 0-rings with leaching fluid if necessary).

11.4.4. 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 cm2 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 subsamlple of the waste into the ZHE

and record the mass in the logbook.

1 1.4.5.1 IFor 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 ZH-E only, use visual wet

solids estimate to sample subaliquot.



877120?7

SOP No. CORP-IP-0004NC
Revision No. 1.1I
Revision Date: 10/1I0/00

TCLP and SPLP Leaching Procedure Page: 24 of 5l

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 11.2.3.3 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
ZME. 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 much headspace as possible and proceed to Section 1 1.4.13.

11.4.9. If this is a mnUtliphase sample, caretblly apply gentle pressure of I10 psi (or more, if
necessary) to force all headspace slowly out of the ZH-I. At the FIRST appearance
of liquid fromt the liquid inlet/outlet valve, quickly close the valve and discontinue gas
pressure.

I 1.4. I O.Assemnble a syringe and place the plunger in all the way. Attach the pre-weighed
syringe to the liquid inlet/ou~tlet valve and open the valve. Record the ltae weight of
the collection syringe in column D of the logbook.

1 1.4.1 1 Carefully apply gas pressure of no more than I10 psi to force out the liquid phase.
Allow the sample to filter until no SIGNIFICANT additional filtrate has passed in a 2
minute 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. Return to Section 1 1.4. 10.

I11.4. 12.Rpcpat previous Step increasing the pressure in 10 PSI increments until 50 psi is
meaclied arid no significant liquid has passed in a 2 minute 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 E and filtrate volume in) the logbook.
Transfer the filtrate to VOA vials and label appropriately. Calculate the weight of
filtrate collected and record inl Column F in the logbook.

Notes: If the original waste eontaiiied 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 6 of the logbook by subtracting the

weight of the filtrate from the weight of the sample.

11.4.1 3.Determine the amount of buffer to use. Solid samples use 300 nIof leach fluid (20

X IS g). For multiphase samples usc the wet solids (columrn 6) 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 ZHE prep uses
only SPLP fluid #3.

1 1.4.14.Load the fluid transfer reservoir with an excess of Fluid #1I and preflush the transfer

line to eliminate air pockets. Be sure the required volume remains.

1 1.4.15.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.

I11.4.1 6.Chcck the ZHE to make sure all the valves are closed and manually rotate the ZHE

(end-over-end) 2 or 3 times. Reposition the ZHE in the vertical position.

11 .4.1 7.Pressurize the ZHE to 5-10 psi. If the ZHE appears to beleaking, follow the
corrective action protocols recommended by the manufacturer and repeat the

analysis.

1 1.4. 18.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.

1 1.4.1 9.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.

11 .4.20.Confirm that the pressure of 5-10 psi was maintained throughout the leaching. If it
was NOT maintained, retumn to Section 11.4 and repeat the leachate with a new

aliquot of sample.
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1 1.4.21 IIf there is an initial liquid filtrate (See 1 1.4.12) determine if it is compatible with the
leachate if the filtrate has not been previously tcstcd (Sec. 1 1.3.6).

1 1.4.2 1. 1 Remove 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 thc syringe. Close the outlet valvc.

I11.4.21 .2. With a glass pipette transfer a fcw drops of initial filtratc into the opcn
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. The results are normally mathematically
recombined.

1 1.4.21 .3.lf the filtrate is compatible gently pour the remainder of the filtrate into the
syringe barrel. install thre plunger. Bleed any pressure in the ZHE piston.
Open the inilet/outlet valve and depress the syringe plunger to inject the
filtrate into the 71HE vessel. Do not inject the air bubble (if present) from the
syringe.

I11.4.21 .4.Close the valve and rotate a f~ew times to mix. Proceed with leachate
filtration as described in the next section.

II 1.4.22.Attach an emrpty syringe to the outlet valve. Open thre valve and pressurize the
piston to expel the leachate from the 71-I vessel. Following collection, store thle
TCLP Ieachate in 2 or 3 40-ml- VOA vials with minimal lieadspace at 4 ± 2 'C and
prepare for analysis as soon as possible using the appropriate organic analysis
procedure (see Section 16.3).

I 1.4.23.If the individual pheases are analyzed separately, combine the results mathematically
by uising 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 entiy 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

12. 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 P ,
VI + V

VI - total volumne of the initial filtrate phase (L).

C I = analyte concentration in initial filtrate phase (mg/L).

V2 = volume of the theorctical solid phase leachate (L).

C2 = analyte 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.I.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.Lf7 both phases are "ND" (not detected) the recombined result is "ND, "and

the reporting limit is calculated from the reporting limit for each phase.

I12.2.1l.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 maximumn 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.

12.2.3. 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.tI.Sample was monolithic - particle size reduction not possible due to nature
of matrix.

12.2.4.2. Insufficient sample - less than the required I100 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 may be compared with the TCLP
analysis results according to the following:

Total Ž 20 x TCLIP

NOTE: Assumes the sample is I100% Solids.

12.3.3. Total constituent analysis results can be used to demonstrate the TCLP protocol is
unnecessary. In perfonning 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" and the TCLI' does not
need to be performied. For example, the TC level for lead is 5.0 mg/L (ppmu).
Therefore, if a sample of lead-contamninated soil contains less than 1 00 ppmn total
lead, a TCLP test need not be run to demonstrate that lead is less than the TCLP
limit.

13. METHOD PERFORMANCE

13.1. Refer to individual analysis SOPs.

13.2. 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
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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 be 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 I.

16.2. Method 1312, Synthetic Precipitation Leaching Procedure, Revision 0, November 1 994,

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.

61, Thursday, March 29, 1990.

16.3.3. Technical Background Document and Response To Comments, Method 131 1,

Toxicity Characteristic Leaching Procedure, USEPA/OSW, April, 1989.

16.3.4. QA-003, Quality Control Program

16.3.5. CORP-LP-00O3NC: Acid Digestion of Aqueous Samples by SW846 and

MCAWW 200 Series Methods.

16.3.6. CORP-MT-OOO INC: Inductively Coupled Plasma-Atomic Emission Spectroscopy,

Spectrometric Method for Trace Element Analysis, Method 601 OB and Method

200.7.

16.3.7. CORP-MT-0OO3NC: Graphite Furnace Atomic Absorption Spectroscopy,

(Thallium only)
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16.3.8. 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 Organics by GC/MS based on
Methods 8260B, 624, and 524.2.

16.3.l0 .CORP-MS-O0OI NC : GCIMS Analysis Based on Method 8270C and 625.

16.3.1 1. CORP-GC-000 INC: Gas Chromatographic Analysis Based on Methods 8000B,
80218B, SOSI1A, 8082, 815 1A, 8310, 6 10, and 814 1A.

16.3.12 .CORP-OP-000I NC: Extraction and Cleanup of Organic Compounds from
Waters and Soils, Based on SW846 3500 Series, 3600 Series, 815 1A and 600
Series Methods.

17. MISCELLANEOUS

17.1. Modifleationis/Initerpretations front Reference Methods

17.1.1. Section 1 1.2: Preliminary Evaluations. Section 7.1 of the source method 131 1 states
that thre sample aliquot used for the preliminary evaluation "...may niot actually
undergo TCLP extraction." Section 7.1.5 of the source method indicates that the
portion used for the preliminary evaluation may be used for either the ZH-E or nion-
volatile extraction if thle sample was I100% 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 lbr the non-volatllc extraction procedure only as long as sufficient sample is
available (minimum I100 g). Samples which have been subjected to the oven drying
step may niot be used fbr TCLP extraction because solid phase dcgradation may
result upon hreating.

17.1.2. Sections 1 1.3.6 and 1 1.4.2 1: Determination of Filtrate/Extraction Fluid
Compatibility. Section 7.2.13 of the source method provides no guidance as to how
to mnake this determination. As a result, thle procedure herein was developed.

17.1.3. Section 9.2: TCLP Extraction Blanks. Section 8.1 of the source method states that
a mninimum.11 of one blank for 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 ZHE) 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 #1 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 performred 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

performance 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 L-CS 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 cases, matrix spikes should

be added at a concentration equivalent to the corresponding regulatory level." The
method also states "If the analyte 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.

17.2. 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 arc 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 ReuulatorV Levels (Final Rule)



877121?7

SOP No. CORP-IP-0004NC
Revision No. 1.1I
Revision Date: 10/1I0/00

APPENDIX A - TABLES Page: 34 ofSI1

Contaminant m/
Arsenic 5.0
Barium 100.0
Benzene 0.5
Cadmium 1 .0
Carbon tetrachloride 0.5
Chlordane 0.03
Chlorobenzene -100.0
Chloroform 6.0
ChrominUM 5.0
o-Cresols 200.0
m-Cresols 200.0
p-Cresols 200.0
Total Cresols (used if 200.0

isomiers, not resolved)

2,4-D 10.0
I1,4-Dichlorobenzene 7.5
I1,2-Dichloroethane 0.5
2,4-Dinitrotoluene 0. 13
1,1I -D~ichlorocthylene 0.7
Endrin 0.02
1-leptachior (& epoxicde) 0.008
l-lexachlorobenzene 0.13
l-lexachlorobUtadiene 0.5
I-Iexach loroethane 3.0
Lead 5.0
Lindane 0.4
Mercury 0.2
Methoxychlor 10.0
Methyl ethyl ketone 200.0
Nitrobenzene 2.0
Pcitachlorophenol 100.0
Pyridine 5.0
Selenium I .0
Silver 5.0
Tetrachlorocthylene 0.7
Toxaphene 0.5
Trichloroethylene 0.5
2,4,5-Trichloroplienol 400.0
2,4,6-Trich Lorophenol 2.0
2,4,5-TP (Silvex) 1.0

IVinyl chloride 0.2
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Fiizuc I & 2 - Rotary Agitation Apparatus and Zero H~eadspace Extraction Vessel (ZHFE)

Figure 1. Rotary Agitation Apparatus

Uquid lnletdOutiet Valve

Top Fag

Piston

PressurizedGa-a
iniet/Qitlet PValver
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Figure 3 - US Environmental Protection Agency Memorandum #35, Page 1

UNITED STATES ENVIR0ONMENTAL pROTECTION AGENCY(& ) ~ ~~~~~WASHINGTON. D.C. 20460

DATE: June 12, 1992

SUBJECT: Notes on RcRA Methods and OA Activities

From: Gail Hanse~n, Chief &

Methods Section (OS-33i)

This memo addresses the follow.ing topics:

o 1992 Symposium on Waste Testing and Quality
Assurance

O SW-846 Update

-Final Rule for January 23, 1989 Proposed Rule
-Notice, Proposed Rulemaking for the second Update to

the Third Edition

O Chlorofluorocarbofl 113 (CPC-113) Solvent Replacenent

Update

o Environmental Monitoring Methods Index (EMTZ)

O Sampling Work Group Formation

O MICE 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 WasteAnalyX3iS

One of the most frequently asked questions on the MICE

service concerns the application of the TC.?, Method 13121, to

oily wastes. Many callers request technical guidance on the
extraction Of oily wastes due to the difficulty in the filtration
on these ty-pes 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 TCLS.

For oily wastes, clogging of the glass fiber filter can result in

an overestimation of the amount of solid material available for
leaching.

To solve this problem, the Agency recommends a conservative
approach, one that probably will overestimate the amount of

1lcaching. Rather than performing the TCLP extraction on the
unfiltered portion of the oily waste, assume the waste is 100%

liquid (e' g., will pass through the glass fiber filter) and

perf on a totals analysis on the oily waste to determine if the

U-oil exceeds the appropriate regulatory level.

Filterable waste oil generated during the TCLP must be

analyzed for a variety of organic and inorganic analytes. The

OSW recognizes the difficulty in achieving acceptable performance

for the analysis of waste oil using methods currently provided in

SW4-946. 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 SW4-846. Brief descriptions of these techniques are

provided below, for additional information on the organic

procedures contact Barry Lemnik at (202) 260-7459. For
additional information on microwave digestion contact Ollie

Fordham (202) 260-4778.

The use of parge-and-trap (Method 5030) for volatiles in oil

generally results in severe contamination of analytical

instrumentation. Traps, transfer lines and chromatography
colum~ns may become contaminated with oil. This leads to elevated

baselines, hydrocarbon background in subse quent analyses, and
cross-contamination. Headspace (Method 3810) is currently

allowed only as a screening procedure in 5SW-846. 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 analytes 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 < Yes-- further preliminary
0.5%? tests are needed. Go

Waste is 100% solids.

I soi s pass mm ~Crush, cut, or grind
a ~~~~~~solids to pass a 1 mm*stnadsiveo No-o sieve (not req'd if

leahslto surface area > or =3.1
determination? ~CM 2/g

Yes

Add 3.5 ml- 1 N HI-I, Weigh 5.0 g solids into beaker.
mix, cover, heat to Add 96.5 mL reagent water.

500C for 10 min. Cool. 4No- Stir vigorously for 5 min.
Measure pH. Is pH < Measure and record pH. Is pH

5.0? ~~~~~~< 5.0?

Yes

FUid #2.L pHtrac2.88 *Note: 1 mm size is used only for determination of
Fluid #2. pH= 2.88 leachate solution. 3.1 sq. cm or 1 cm diameter is

used to determine need for size reduction.

x
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Flow Chart 2. Bottle Extraction, Non-Volatile Constituents
(Section 11.3)

Complete preliiary determinations
(FlowCa1)

Sample is 10%solIds MUh~da,,e yda.,tfd,..rdd ii&.a-05 .,i

enough soIhds which, when extacted, wIth cratei su ficie~ti eatraci for.1 all nouh s~ample 50 provyiea fr all
.ana"se 100 s .minimum an.alyse DiscardJsolids F,1ltral

of sample Solidid.,d , LiquidT E

will pas apSa ler iever f38 Noe. Particle siz reution f,.ii~f

reurdi a , doseare 3y 1 a cm

Is initial filtrate
Was this a muultiphase sample? es-- compat Ible with

leachate?

No

No-
Fi er luttythrughglas ire iver ucd. wash fii etl are

meaure) Senr I ires ay be usefd Disard solids Coiledt Yes
fitrate

Comb ireir tal hitaewt ecat e
Arlyeliuds sea atlan This, becomes the Ttexrc

comhiner....tlstns~the,,ticdaily
accordfingir vo. m rtatoo

Immedibatel abet TCLP eutrat. adis rducd. recoo the pH oh the entrach
(For aimmiscble lquids, record he pH of each ) Airguot anid preserve

thefora t nlss aryed finniediately store, aliqa01 at 4 Cc untIl
.analzd
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Flow Chart 3. ZHE Extraction, Volatile Constituents

Solids are'05%,offsample, Filter
suIfficiet sample through ZHE to1 d~i, 5% epreside or alt analysis Discard solids lis the dd amun ot lt~rabisods30S7 Ye

F itr.te TCL P extral

Plc the Id. pisto W is body of th I anajut poitio Of piso to

I.I. Id 41C I~~~~~~~~~~~~~~~~~~dlnnn editrcIpstn it raetwhnhhagd itdsnat

Wlast ts10 sld r otsare >55
solids. Weigh bten05 egh (2500 /

25 g ad5aWeg %slids).

,-derenin DO NOt SIEVE, sesur it rlrAitwtotha
production an~d with nsInitIsn air exour b ot rtceizrdcio o

screen -~to.top flapne ar.d atia2chltrp ,tana obody of282 Tinhlen alt
fitns Ptcvric tt1y wih gas, inta.tioute .ate dear

apply gentle vi assure t -no psil to force I headupace~h. 1, ppl nn,,,IIffI 1 ,I

outiratnar ddiscntined pla uredl

Liq uid Phase AdderaPPropriala weighed a.inoutt Ercionb Fluid #1 by

solids we ishilht-20
Soltd Phase~ ~ ~~ft h

Attach pre-weighad til Irate colcIon containerotodtiquid
intIute satna Open Iquid raie and gradually appty

51.. . 0 Psi -nre el ur Pi S ps is reached Atteno turher liquid is da siled afar 2 miue t 50 si, . .,,
valves, distconnect, and weigh fIrilrl oleto container otels ZHE eed-over-eId 2 ot limes W itiudnatuitnivpointed up pneasuriz. 282 to 5-no psi, ad bleed oft ary sin whic

intt Iais ard piessuni Id a-to psi again

tore filttrta ait 4C under minImal. hidadopace See Flow
Chrar 3 iOnt-nudl Pace ZH nt rotary device and rotate al-, PM

for 18+ 2 hrs tn a room hold at 232~C

doutieI.as Apply up00pii o4Yes oeigadcsngteasnlt No ZElae
psiiceet e lo hr av I roueyxet
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Flow Chart 3. ZHLE Extraction
(Continued)

Store initial filtrate at
40C under minimal

headspace.

Is inita fita t
No - compatible with Yes -

F F~~~~lacae

Inject initial filtrate back into
the ZHE vessel. Connect

Analyze liquids separately and preweighed filtrate/extract

combine results mathematically collection container to liquid

according to volume ratio of inlet/outlet valve. Apply up to

original phases. 50 psi in 10 psi increments.

Collect the extraction filtrate



8771235
Controlled Copy SOP No. NC-WC-00l0
Copy No. ____________Revision No, 5

Revision Date: 02/05/03
Implementation Date Pag el-oflII

STL NORTH CANTON STANDARD OPERATING PROCEDURE

TITLE: PH ELECTROMEfTRIC METHOD

(SUPERSEDES: REVISION 4.1, DATED 11/28/00)

Prepared by. - i: 6cete
/ /'/ ~~~~~~~~~fDate

Reveviewdby:___
Iechoo calist Dt

Approved by: z ~

Approved by: Z 4 7ct
Environmental Health and Saf oordinator " 'Date

Approved by:z/so
Laboratory Director Date

Proprietamy Information Statement:

Trhis documentation has been prepared by Severn Trent Laboratories (STL) solely for STLts own use and
the use of STL's customers in evaluating its qualifications and capabilities in connection with a
particular project. The user of this document agrees by its acceptance to return it to STL upon request
and not to reproduce, copy, lend, or otherwise disclose its contents, directly or indirectly, and not to use
if for any other purpose other than that for which it was specifically provided. The user also agrees that
where consultants or other outside parties are involved in the evaluation process, access to these
documents shall not be given to said parties unless those parties also specifically agree to these
conditions. THIS DOCUMENT CONTAINS VALUABLE CONFIDENTIAL AND PROPRIETARY
INFORMATION. DISCLOSURE, USE OR REPRODUCTION OF TH-ESE MATERIALS WITHOUT
TH E WRITTEN AUTHORIZATION OF SEVERN TRENT LABORATORIES IS STRICTLY
PROHIBITED. THIS UNPUBLISHED WORK BY STL IS PROTECTED BY STATE AND
FEDER-AL LAW OF THE UNITED STATES. IF PUBLICATION OF THIS WORK SHOULD
OCCUR THE FOLLOWING NOTICE SHALL APPLY: ©2000 SEVERN TRENT LABORATORIES,
INC. ALL RIGHTS RE-SERVED.



PH ELECTROMETRIC METHOD SOP No. NC-WC-0010O
Revision No. 5
Revision Date: 02/05/03
Page 2 of I I

TABLE OF CONTENTS

1. Scope and Application........................................................................................3

2. Summary of Method..........................................................................................3

3. Definitions......................................................................................................3

4. Interferences ................................................................................................... 3

S. SAFETY.........................................................................................................

6. Equipment and Supplies.....................................................................................4

7. Reagents and Standards......................................................................................4

&. Sample Collection, PRESER VA TION and Storage ......................................................

9. Quality Control.................................................................................................

10. Calibration and Standardization............................................................................6

11. Procedure.......................................................................................................7

12. Data Analysis and Calculations ............................................................................ 9

13. Method Performance ......................................................................................... 9

14. Pollution Prevention ........................................................................................ 10

15. Waste Management .......................................................................................... 10

16. References.....................................................................................................1I0

1 7. Miscellaneouis (Tables, Appendices, Etc...)............................................................... 11



PH ELECTROMETRIC METHOD SOP No. NC-WC-0OIO

Revision No. 5
Revision Date: 02/05/03
Page 3 of I I

I 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 < 1.

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. Thle pH is dletermined electromectrically by using an electrode. The pH mecter is calibrated with
a series of known pH buffiers.

3. DEFINITIONS

3.1. Refer to the glossary in the Laboratory Quality Ma~nual (LQM), latest version.

4. INTERFERENCES

4.1I. Samples with very low or very high pH- may give incorrect readings onl the meter. For samples
with a true pH- of>lI0, the measured p1-I may be incorrectly low. This error can be minimized
by using a low-sodium-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. Thle health and safety hazards of many of the chemicals used in this procedure have not been
F'illy defined. Additional health and safety infonmation 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 fuime 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 {as well as glassware cleaning procedures that

involved solvents such as methylene 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 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. lop loading balance: Capable of accurately weighing ±0.01 g

6.4. Stir plate and stir bars

6.5. Shaker or mechanical tumbler

6.6. Autotitrator

6.7. Centrifuges tubes

7. REAGENTS AND STANDARDS

7.1. Standards
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7. I . I. Target Calibration Standards

7. 1.1. 1. pH 4, 7, and pH IO buffers, purchased

7.1.1 .2.Fresh buffers are poured and used each working day.

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8. I. Samples are not chemically preserved.

8.2. Samples are stored in plastic or glass containers at 40C ± 20 C.

8.3. Samples should be analyzed as soon as possible afler sampling, but not to exceed twenty-
four hours.

9. QUALITY CONTROL

9.1I. 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
sam11ple Setups must be initiated within a 24 hour period from the initial preparation or
extraction and without intermuption offthe 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 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. Thc sample and DU results are compared to dcltemiine 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 iii the batch.

9.2.2. Sample duplicates are perfonied at a frequency Of IO% 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
earnied 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 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. 1.If the pH- is outside the established control limits the system is out of control and

corrective action must occur.

9.3.3.2.Correetive 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

10. I.1. Refer to theimanufacturer's mainual for instrumental calibration.

10. 1.2. The following procedure is applicable for use with the Orion 250 pH- m eter.

10. 1.2.1 IRinse the electrodes with reagent water and place in the pH 4.0 buffer. 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. 1.2.3.Calibration Check: Rinse the electrodes and place in the p1H 1 0.0 buffer.
Allow value to stabilize. The pH 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 pH meter should be calibrated daily. The calibration is recorded on the analytical
logshcet.

10. 1.4ff the pH meter has been turned off, 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 pH meter must be recalibradted if the buffer deviates by more tliarf 2% If this
range is exceeded, reanalyze all samples analyzed since the last p1- bufftr that met
criteria.

IL. PROCEDURE

III1. Onc time procedural variations are allowed only if deemned 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 documented
using a Nonconfbrmance Memo and is approved by a Technical Specialist and QA Manager.
If contractUally required, the client shall be notified. Tile Nonconformance Memo shall be filed
in the project tile.

11.2. Any unauthorized deviations frmi this procedure must also be documnented as a
noniconfoninance, with a cause and corrective action described.

11.3. Sample Preparation

IL.3. 1. Waters

1 1 .3.1 .1 .No preparation necessary fbr waters and wastewaters.

1 1.3.2. Solids and Soils

1 1.3.2.1 Place 20 g (± 0.5 g) of sample in a beaker or Other Suitable container.
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IL .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

11.4. 1. Manual Procedure

11.4.1.1.Waters

i 1.4. 1 .1.1I Place the sample in a clean beaker using a sufficient volume to cover

the sensing elements of the electrode(s). Allow the pH to stabilize

(swirlig or stirring may quicken stabilization). Record the pH on the

analytical logshect. Remove the electrodes from the sample. Rinse and

gently dab off the electrodes between each measurement. Store the

electrodes in pH '7 buffer when not in use.

11.4.1 .2.Solids

I 1.4.1I.2.1 InuImerse the pH electrodes in the supemnatant layer of the sample -

be careful not to stir up solids. Allow pH- to stabilize and record it on

the analytical Iogshect. 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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1 1.4.2. Automated Procedure

I 1.4.2.1 .Load the appropniate schedule on the autotitrator, starting with the pH
calibration.

II 1.4.2.2. Pour a homogenized sample into the centrifuge tubes and place the tubes in the
appropriate position on the autosanmpler. Remember to include a pH 7 buffer
check after every ten positions.

II 1.4.2.3.Start the autotitrator.

11.5. Analytical Documentation

11.5.1. Record all analytical information in the analytical logbook/ogsheet, 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 nlumber for identification. Logbooks are reviewed by thle supervisor
or designce.

1 1.5.3. Documentation such as all associated instrunicnt 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

13.1. Each laboratory must have initial demonstration of performance data on file and corresponding
method detection limit files.

13.2. Training Qualifications:
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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'
experience.

1 3.2.2. 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.) are placed in the solid debris 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- Electrometric
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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16.1I.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-0OIS

16.2.4. Method Detection Limits and Instrument Detection Limits, NC-QA-0021I

16.2.5. Navy/Army SOP, NC-QA-00 1 6

17. MISCELLANEOUS (TABLES, APPENDICES, ETC...)

I17.1I. Reporting limits

17. 1. 1. A minimum reporting limit is not listed in LIMS. Units are reported as No Units.
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1.0 SCOPE AND APPLICATION

1. 1. This method is applicable to the determination of Volatile Organic Compounds in waters,
wastewater, soils, sludges and other solid matrices. Standard analytes are listed in Tables 5 and
6.

1 .2. This SOP is applicable to method 82608. It may also be used for analysis following method
8260A. Appendix A presents modifications to the procedures in the main SOP that are
necessary for analysis of wastewater by method 624. The associated LIM5 method codes are
QK (826013), DN (624), and MAZ (8260A). Ohio VAP projects are distinguished by Program
Code 2J. The following Prep Codes are used: 15 (5 ml- purge), 25 (25 mL purge), 4B
(Methanol preservation, EnCoreTm ), 4D (Sodium Bisulfate preservation, EnCoreTM ), 4P
(Frozen, EnCoreTM ), and 73 (5030A Methanol Prep).

1.3. This method can be used to quantify most volatile organic compounds that have boiling points
below 2000C and are insoluble or slightly soluble in water. Volatile water soluble compounds
canl be included in this analytical technique; however, for more Soluble Compounds, quantitation
limits arc approximately tenl times higher because of poor purging efficiency.

1 .4. The method is based upon a purge and trap, gas chrormatograph/mass speetrometric (GC/MvS)
procedure. The approximate working range is 5 to 200 lpg/L fbr 5 ml- waters, I to 40 Pg/L for
25 nilL purge waters, 5 to 200 pg/kg Ibr low-level soils, and 250 to 25,000 pg/kg for medium-
level soils. Reporting limits are listed in Tables I and 3.

1.5. Method performance is monitored through the use of surrogate compounds, matrix spike/matrix
spike duplicates, and laboratory control spike samples.

2. SUMMARY OF METHOD

2.1. Volatile Compounds are introduced into the gas chromatograph by the purge and trap method.
The components are separated via the chromatograph and detected using a mass spectrometer,
which is used to provide both qualitative and quantitative inforniation.

2.2. Aqueous samples are purged directly. Generally, soils are preserved by extracting the volatile
analytes into methanol. If especially low detection limits are required, soil samples may be
preserved with sodium bisulfate and purged directly.

2.3. In the purge and trap process, an inert gas is bubbled through the Solution at ambient temnpera-
ture or at 400C (40"C required for low level soils) and the volatile components are efficiently
transferred fromt the aqueous phase to the vapor phase. The vapor is swept through a sorbant

1 1/22/02
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column where the volatile components are trapped. After purging is completed, the sorbant

column (trap) is heated and backflushed with inert gas to desorb the components onto a gas

chromatographic column. The gas chromatographic column is then heated to elute the

components which are detected with a mass spectrometer.

2.4. Qualitative identifications are confirmed by analyzing standards under the same conditions used

for samples and comparing the resultant mass spectra and GC retention times. Each identified

component is quantified by relating the MS response for an appropriate selected ion produced

by that compound to the MS response for another ion produced by an internal standard.

3. DEFINITIONS

3.1. Batch

The batch is a set of up to 20 samples of the same matrix processed using the same procedures

and reagents within the same time period. Using this method, each BFB analysis will normally

start a new batch. Batches for medium level soils are defined at the sample preparation stage

and may be analyzed on multiple instruments over multiple days, although reasonable effort

should be made to keep the samples together.

3.1.1. The Quality Conitrol batch must contain amatrix spike/spike duplicate (MS/MSD), a
Laboratory Control Sample (LCS), and a method blank. In some cases, at client request,

the MS/MSD may be replaced with a matrix spike and sample duplicate. Refer to the STL

QC Program document (QA-003) for further details of the batch definition.

11/22/02
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3.2. Method Blank

3.2. 1. 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 which may lead to the reporting of elevated
concentration levels or false positive data.

3.3. Laboratory Control Sample (LCS)

3.3.1. Laboratory Control Samples arc 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. Ongoing
monitoring of the LCS results provides evidence that the laboratory is performing the
method within accepted QC guidelines for accuracy and precision.

3.4. Surrogates

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

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

3.5. 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 aliquot of the same sample which is
prepared and analyzed along with the sample and matrix spike. Matrix spikes and
duplicates are used to evaluate accuracy and precision in the actual sample matnix.

3.6. Calibration Check Compound (CCC)

3.6. 1. CCCs are a representative group of compounds which are used to evaluate initial
calibrations and continuing calibrations. Relative percent difference fbar the initial calibration
and 0A drill for the continuing calibration response factors are calculated and compared to
the specified method criteria.

3.7. System Performance Cheek Compounds (SPCC)

11/22/02
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SPCCs are compounds which are sensitive to system performance problems and are used to
evaluate system performance and sensitivity. A response factor from the continuing calibration is
calculated for the SPCC compounds and compared to the specified method criteria.

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. The use of ultra high
purity gases, pre-purged purified reagent water, and approved lots of purge and trap grade
methanol will greatly reduce introduction of contaminants. In extreme eases the purging vessels
may be pre-purged to isolate the instrument from laboratory air contaminated by solvents used
in other parts of the laboratory.

4.2. Samples can be contaminated by diffuision of volatile organics (particularly methylene chloride
and fluorocarbons) into the sample through the septum seal during shipment and storage. A field
blank prepared from reagent water and carried through the sampling and handling protocol can
serve as a check on such contamination.

4.3. Matrix interferences may be caused by non-target contaminants that are coextracted from the
sample. The extent of matrix interferences will vary considerably from source to source
depending upon the nature and diversity of the site being sampled.

4.4. Cross-contamination can occur whenever high-level and low-level samples are analyzed
sequentially or in the same purge position on an autosampler. Whenever an unusually
concentrated sample is analyzed, it should be followed by one or more blanks to check for
cross-contamination. The purge and trap system may require extensive bake-out and cleaning
after a high-level sample.

4.5. Some samples may foram when purged due to surfactants present in the sample. When this kind
of sample is encountered an antifoaming agent (e.g., J.T. Baker's Antifoam B silicone emulsion)
can be used. A blank spiked with this agent must be analyzed with the sample because of the
non-target interferences associated with the agent.

5. SAFETY

5.1. Procedures shall be carried out in a manner that protects the health and safety of all STL
associates.

11/22/02
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5.2. The Chemical Hygiene Plan (CUP) gives details about the specific health and safety practices
which are to be followed in the laboratory area. Personnel must receive training in the CHP,
including the written Hazard Communication plan, prior to working in the laboratory. Consult
the CHP, the STL Health and Safety Policies and Procedures Manual, and available Material
Safety Data Sheets (MSDS) prior to using the chemicals in the method.

5.3. Consult the STL Health and Safety Policies and Procedures Manual for information on Personal
Protective Equipment. Eye protection that protects against splash and a laboratory coat must be
worn in the lab. 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. Disposable gloves shall not be reused.

5.4. The health and safety hazards of many of the chemicals used in this procedure have not been
fully defined, therefore each chemical compound should be treated as a potential health hazard.
Additional health and safety inforination can be obtained from the MSDS files maintained in the
laboratory. The Ibllowing specific hazards are known:

5.4. 1. Chemicals that have been classified as carcinogens, or potential carcinogens, uinder OS1-A
include: Acrylonitrile, benzene, carbon tetrachloride, chloroform, I1,2-dibronio-3-
chloropropane, I ,4-dichilorobenzene, and vinyl chloride.

5.4.2. Chemicals; known to be flammable are: Methanol.

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
iii a fumie hood, or under other means of mechanical ventilation. Solvent Land waste containers
will be kept closed unless transfers are being made.

5.6. The preparation of standards and reagents will be conducted iii a fume hood with the sash
closed as fbar as the operations will permit.

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 a laboratory
supervisor.

5.8. Laboratory personnel assigned to perform hazardous waste disposal procedures must have a
working knowledge of the established procedures and practices outlined in the STL Health and
Safety Manual. These employees must have training on the hazardous waste disposal practices
initially upon assignment of these tasks, followed by an annual refresher training.

11/22/02
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6. EQUIPMENT AND SUPPLIES

6.1. Microsyringes: 10 pL and larger, 0.006 inch lID needle.

6.2. Syringe: 5 or 25 mL. glass with luerlok tip, if applicable to the purging device.

6.3. Balance: Analytical, capable of accurately weighing 0.0001 g, and a top-loading balance

capable of weighing 0.1I g

6.4. Glassware:

6.4. 1. Vials: 20 mL with screw caps and Teflon liners.

6.4.2. Volumnetric flasks: 10 nI and 100 mL, class A with ground-glass stoppers.

6.5. Spatula: Stainless steel.

6.6. Disposable pipcts: Pasteur.

6.7. pH paper: Wide range.

6.8. Gases:

6.8.1. Helium: Ultra high purity, gr. 5, 99.999%.

6.8.2. Nitrogen: Ultra high purity, from cylinders of gas generators, may be used as an alternative

to helium for purge gas.

6.8.3. Compressed air: Used for instrument pneumatics.

6.8.4. Liquid nitrogen: Used for cryogenic cooling if necessary.

6.9. Purge and Trap Device: Thec purge and trap device consists of the sample purger, the trap, and

the desorber.

6.9. 1. Sample Purger: The recommended purging chamber is designed to accept 5 nal, samples

with a water column at least 3 cm deep. Thec purge gas must pass through the water column

as finely divided bubbles, each with a diameter of less than 3 mim at the origin. The purge

gas must be introduced no more than 5 nin from the base of the water column. Alternative

sample purge devices may be used provided equivalent performnance is demonstrated. Low

level soils are purged directly from a VGA vial.
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6.9.2. Trap: A variety of traps may be used, depending on the target analytes required. For most
purposes the Vocarb 3000 trap is suitable. Other traps, such as Vocarb 4000, or Tenax/
Silica gel / Charcoal may be used if the Quality Control criteria are met.

6.9.3. Desorber: The desorber should be capable of rapidly heating the trap to I180 0C. Many such
devices are commercially available.

6.9.4. Sample Heater: A heater capable of maintaining the purge device at 400 C is necessary for
low level soil analysis.

6. 10. Gas Chromatograph/Mass Spectrometer System:

6. 10. 1. Gas Chromatograph: The gas chromatograph (OC) system must be capable of temperature
programming.

6.1I 0.2. Gas Chromatographic Columns: Capillary colu-mns are used. Some typical columns are
listed below:

6.10.2.1. Column I: I O5m x 0.53 ID Rtx-624 with 3 pm film thickness.

6.10.2.2. Column 2: 75 im x 0.53 ID DB-624 widebore with 3 pmn film thickness.

6.1 0.2.3. Mass Spectrometer: The mass spectrometer must be capable of scanning 35-300
AMU every two seconds or less, using 70 volts electron energy in the electron
impact mode and capable of producing a mass spectrum that meets the required
criteria when 50 jig of 4-BrornoflUorobenzene (BFB`1) are iitccted onto the gas
chroniatograph column inlet.

6.1 0.3. GC/N45 interface: In general glassjet separators are used but any interface (including direct
introduction to the mass spectrometer) that achieves all acceptance criteria may be used.

6. 10.4. Data System: A computer system that allows the continuous acquisition and storage on
machine readable media of all mass spectra obtained throughout the duration of the
chromatographic program. The computer must have software that allows searching any
GC/MS data file for ions of a specified mass and plotting such ion abundances versus time
or scan number. This type of plot is defined as an Extracted Ion Current Profile (EICP).
Software must also be available that allows integrating the abundances in any EICP between
the specified time or scan-number limits. Also, for thre noni-target compounds, software must
be available that allows for the comparison of sample spectra against reference library
spectra. The most recent release of the NIST/EPA mass spectral library should be used as
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the reference library. The computer system must also be capable of backing up data for
long-term off-line storage.

6.10.5. Cryogenic Cooling: Some columns require the use of liquid nitrogen to achieve the
subambient temperature required for the proper separation of the gases.

7. REAGENTS AND STANDARDS

7.1. Reagents

7.1 .1. Methanol: Purge and Trap Grade, High Purity

7. 1.2. Reagent Watcr: High purity water that meets the requirements for a method blank when
analyzed. (See section 9.4) Reagent xvater may be purchased as commercial distilled water
and prepared by purging with an inert gas overnight. Other methods of preparing reagent
water are acceptable.

7.2. Standards

7.2.1. Calibration Standard

7.2.1.1. Stock Solutions: Stock solutions may be purchased as certified solutions from
conimercial sources or prepared from pure standard materials as appropriate. These
standards are prepared in methanol and stored in Teflon-scaled screw-cap bottles
with minimal headspace at -I0' to -20'C.

7.2.1.2. Working standards: A working solution containing the compounds of interest
prepared from the stock solution(s) in methanol. These standards are stored in the
freezer or as recommended by the manufacturer. Working standards are monitored
by comparison to the initial calibration curve. If any of the calibration check
compounds drift in response from the initial calibration by more than 20% thenr
corrective action is necessary. This may include steps such as instrument
maintenance, preparing a new calibration verification standard or tuning the
instrumnent. If the corrective actions do not correct the problem then a new initial
calibration must be performed.

7.2.1 .3. Aqueous Calibration Standards are prepared in reagent water using the secondary
dilution standards. These aqueous standards must be prepared daily.

7.2.1.4. If stock or secondary dilution standards are purchased in sealed ampoules they may
be used up to the manufacturers expiration date.

11/22/02



8771 25 7Determination of Volatile analytes by CC/MS SOP No. CORP-MS-0OO2NC
Analysis of Volatile Organics Revision No. 2,3
Based on Method 8260B, 8260A, and 624 Revision Date: 05/23/01I

Page 12 of 67

7.2.2. Internal Standards: Internal standards are added to all samples, standards, and blank
analyses. Refer to Table 7 for internal standard components.

7.2.3. Surrogate Standards: Refer to Table 8 for surrogate standard components and spiking
levels.

7.2.4. Laboratory Control Sample Spiking Solutions: Refer to Table 9 for LCS components and
spiking levels.

7.2.5. Matrix Spiking Solutions: The matrix spike contains the same components as the LCS.
Refer to Table 9.

7.2.6. Tuning Standard: A standard is made up that will deliver 50 ng on column upon injection. A
recommended concentration of 25 ng/.iL of 4-Bronmofluorobenizenc in methanol is prepared
as described in Sections 7.2. 1.1 and 7.2.1.2.

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1. Holding times for all volatile analysis are 14 days from sample collection.

8.2. Water samples are normally preserved at p1.1 < 2 with 1:1 hydrochloric acid. If'residual chlorine
is present, 2 drops of 10% sodium thiosLilfate are added.

8.3. Solid samples are field preserved with sodium bisulfate solution for low level analysis, or with
methanol for medium level analysis. Soil samples can also be taken using the EnCoreTMi
sampler arid preserved in the lab within 48 hours of sampling. At specitic client request,
unpreserved soil samples may be accepted.

8.4. There are severnl methods of sampling soil. The recommended method, which provides the
minimum of field difficulties, is to take an EnCorei'm sample. (The 5 g or 25 g sampler can be
used, depending on client preference). Following shipment back to the lab the soil is preserved
in methanol. This is the medium level procedure. If very low detection limits are needed (< 50
pg/kg for most analytes) then it will be necessary to use two additional 5 g EnCoreTM samplers
or to use field preservation.

8.5. Sample collection for medium level analysis using EnCoreTM' samplers.

8.5. 1. Ship one 5 g (or 25 g) EnCor-6rm sampler per field sample position.

8.5.2. An additional bottle must be shipped for percent mo1isture detennination.
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8.5.3. When the samples are returned to the lab, extrude the (nominal) 5g (or 25 g) sample into a
tared VOA vial containing 5 mL. methanol (25 mL methanol for the 25 g sampler). Obtain
the weight of the soil added to the vial and note on the label.

8.5.4. Add the correct amount of surrogate spiking mixture. (Add 25 pL of 2500 pg/mL solution
for a nominal 25 g sample, 5 p.L for a nominal 5 g sample.) Refer to Section 17.8 for
Michigan project criteria.

8.5.5. Add the correct amount of matrix spiking solution to the matrix spike and matrix spike
duplicate samples. (Add 500 pL of 50 gg/mL solution for a nominal 25 g sample, 100 l.IL
for a nominal 5 g sample.) Reduce the volume of methanol added to ensure the final volume
is 25 mL. for nominal 25 g sample or 5 mL methanol for a nominal 5 g sample. Refer to
Section 17.8 for Michigan project criteria.

8.5.6. Prepare an LCS for each batch by adding the correct amount of matrix spiking solution to
clean methanol. (50 pL of spike to 25 mL methanol or 10 tl- spike to 5 mL. methanol).
Refer to Section 17.8 for Michigan project criteria.

8.5.7. Shake the samples for two minutes to distribute the methanol throughout the soil.

8.5.8. Allow to settle, then remove a portion of methanol and store in a clean Teflon capped vial at
4 ±20C until analysis.

8.6. Sample collection for medium level analysis using field methanol preservation

8.6.1. Prepare a 2 oz sample container by adding 25 mL. purge and trap grade methanol. (If a 5 g
sample is to be used, add 5 mL. methanol to a 2 oz container or VOA vial).

8.6.2. Seal the bottle and attach a label.

8.6.3. Weigh the bottle to the nearest 0.OlIg and note the weight on the label.

8.6.4. Ship with appropriate sampling instructions.

8.6.5. Each sample will require an additional bottle with no preservative for percent moisture
determination.

8.6.6. At client request, the methanol addition and weighing may also be performed in the field.

8.6.7. When the samples are returned to the lab, obtain the weight of the soil added to the vial and
note on the label.
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8.6.8. Add the correct amount of surrogate spiking mixture. (Add 25 gAL of 2500 p.g/niL solution
for a nominal 25 g sample, 5 plL for a nominal 5 g sample.) Refer to Section 17.8 for
Michigan project criteria.

8.6.9. Add the correct amount of matrix spiking solution to the matrix spike and matrix spike
duplicate samnplcs. (Add 25 ltL of 50 ptg/mL solution for a nominal 25 g sample, 1 00 PL for
a nominal 5 g sample.) Reduce the volume of methanol added to ensure the final volume is
25 mL for nominal 25 g sample or 5 mL methanol for a nominal 5 g sample. Refer to
Section 17.8 for Michigan project criteria.

8.6.10. Prepare an LCS for each batch by adding the correct amount of matnix spiking solution to
clean methanol. (500 gL of spike to 25 mL methanol or 1 00 pL spike to 5 mL methanol).
Refer to Section 17.8 for Michigan project criteria.

8.6.11. Shake the samples for two minutes to distribute the methanol throughout the soil.

8.6.12. Allow to settle, then remove a portion of methanol and store in a clean Teflon capped vial at
4+2"C until analysis.

8.7. Low level procedure

8.7.1. If low detection limits are required (typically < 50 pg/kg) sodium biSUlfate preservation must
be used. H-owever, it is also necessary to take a sample for the medium level (field
methanol preserved or using the EnCoreTMi sampler) procedure, in case the concentration
of analytes iii the soil is above the calibration range of the low level procedure.

8.7.2. A purge and trap aultosamrpler capable of sampling from a sealed vial is required for analysis
of samples collected using this method. (Varian Arehon or 0.1. 4552).

8.7.3. The soil sample is taken using a Sg EnCoreTM sampling device and returned to the lab. It is
reconinended that two EnCoreTm samplers be used for each field sample position, to
allow for any reruns than may be necessary. A separate sample for % moisture
deteraination is also necessary.

8.7.4. Prepare VOA vials by adding a magnetic stir bar, approximately I g of sodium bisulfate and
S niL of reagent water.

8.7.5. Seal and label the vial. It is strongly recommended that the vial is labeled with an indelible
marker rather than a paper label, since paper labels may cause the autosampler to bind and
malfunction. The label absolutely must not cover the neck of the vial or the aUtosampler will
malfIunction.
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8.7.6. Weigh the vial to the nearest O.lg and note the weight on the label.

8.7.7. Extrude the soil sample from the EnCoreTm sampler into the prepared VGA vial. Reweigh

the vial to obtain the weight of soil and note on the label.

Note: Soils containing carbonates may effervesce when added to the sodium bisulfaite solution. If

this is the case at a specific site, add 5 mL. of water instead, and freeze at <-100C within 48

hours, analyzed within 12 days after preserving with water, and stored at a 45 degree angle

in the freezer.

Note: Freezing is not allowed for Ohio VAP soil samples.

8.7.9. Alternatively the sodium bisulfate preservation may be performed in the field. This is not

recommended because of the many problems that can occur in the field setting. Ship at

least two vials per sample. The field samplers must determine the weight of soil sampled.

Each sample will require an additional bottle with no preservative for percent moisture

deternination, and an additional bottle preserved with methanol for the medium level
procedure. Depending on the type of soil it may also be necessary to ship vials with no or

extra preservative.

8.8. Unpreserved soils

8.8.1. At specific client requiesti unpreserved soils packed into glass jars or brass tubes ma -

be accepted and subsamipled in the lab. This is the old proceduire based on mlethod

5030A and m~ethod 8260A. It is no longer included in SW846 and is likely to

generate results that are biased low, possibly be more than an order of mnagnitude.

8.9. Aqueous samples are stored in glass containers with Teflon lined septa at 40C +1- 20C, with
minimum headspace.

8. 10. Medium level solid extracts are aliquoted into 2 - S mL glass vials with Teflon lined caps and

stored at 40C +/- 20C. The extracts are stored with minimrum headspace.

8.11. The maximum holding time is 14 days from sampling until the sample is analyzed. (Samples that

are found to be unpreserved still have a 14 day holding time. However they should be analyzed

as soon as possible. The lack of preservation should be addressed in the case narrative).
Maximum holding time for the EnCoreim sampler (before the sample is added to methanol or

sodium bisulfate) is 48 hours.

8.12. A holding blank is stored with the samples. This is analyzed and replaced if any of the trip

blanks show any contamination. Otherwise it is replaced every 14 days.
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EnCore procedure when low level is not required (field steps
in gray) _ _ _ _ _ _ _ __ _ _ _ _ _ _ _

Ship one EnCore Extrude soil sample
sampler and one bottle Take core sample and septm capped vintale

for %moisture per % moisture sample contucaining 25iml
sample location cnann 5m

methanol
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Reweigh vial to obtain remove approximately Sample is ready for
soil weight. 5 mL methanol and aayi
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Field methanol extraction procedure (field steps in gray)

Ship following DOT
Prepare a septum Weigh the vial and regulations for

capped vial containing record the weight to the flammable liquids and
5 mL methanol for nearest D.01g on the include a separate

each sample location label. bottle for each sample
location for % moisture

Return to the lab
Cap the vial and record Take a separate following DOT shipping
the weight on the label sample for % moistue regulations for

flammable liquids.
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Field bisulfate preservation procedure (field steps in gray)
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9. QUALITY CONTROL

9.1. Initial Demonstration of Capability

9.1.1. For the standard analyte list, the initial demonstration described in Section 13 and method

detection limit (MDL) studies must be acceptable before analysis of samples may begin.

MDLs should be analyzed for low and medium soils and aqueous samples.

9.1.2. For non-standard analytes, a MDL study must be performed and calibration curve

generated before analyzing any samples, unless lesser requirements are previously agreed to

with the client. In any event, the mitnimum initial demonstration required is analysis of a

standard at the reporting limit and a single point calibration.

9.2. Control Limits

In-house historical control limits must be determined for surrogates, matrix spikes, and

laboratory control samples (LCS). These limits must be determined at least annually. The

recovery limits are mean recovery +1- 3 standard deviations for surrogates, matrix spikes and

LCS. Precision limits for matrix spikes / matrix spike duplicates are 0 to mean relative percent

difference ± 3 standard deviations.

9.2.1. All surrogate, LCS, and MS recoveries (except for dilutions) must be entered into

QuantIMS (when available) or other database so that accurate historical control limits can

be generated. For tests without a separate extraction, surrogates and matrix spikes will be

reported for all dilutions.

9.2.2. Refer to the QC Program document (QA-003) for further details of control limits.

9.3. Surrogates

Every sample, blank, and QC sample is spiked with surrogates. Surrogate recoveries in

ssamples, blanks, and QC samples must be assessed to ensure that recoveries are within

established limits. The compounds included in the surrogate spiking solutions are listed in Table

8. If any surrogates are outside limits, the following corrective actions must take place (except

for dilutions):

* Check all calculations for error.

* Ensure that instrument performance is acceptable.
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* Recalculate the data and/or reanalyze if either of the above checks reveal a problem.

* Reprepare and reanalyze the sample or flag the data as "Estimated Concentration" if neither
of the above resolves the problem.

The decision to reanalyze or flag the data should be made in consultation with the client. It is
only necessary to reprepare/reanalyze a sample once to demonstrate that poor surrogate
recovery is due to matrix effect, unless the analyst believes that the repeated out of control
results are not due to matrix effect.

9.3.1. I f the Surrogates are out of control for the sample, matrix spike, and matrix spike duplicate,
then matrix effect has been demonstrated for that sample and repreparation is not
necessary. If the sample is out of control and the MS and/or MSD is in control, then
reanalysis or flagging of the data is required.

9.3.2. Refer to the STL QC Program document (QA-003) for further details of the corrective
act ions.

9.4. Method Blanks

9.4.1. For each batch of'saimples, analyze a method blank. The method blank is analyzed after the
calibration standards, normally before any samples. For low-level volatiles, the method
blank consists of reagent water. For mecdium-level volatiles, the method blank consists of
25.0 nl- of methanol. Surrogates are added and the method blank is carried through the
entire analytical procedure. The method blank muILst not contain any analyte of interest at or
above the reporting limit (except common laboratory contam inants, se below) or at or
above 5% of the measured concentration of that analyte in the associated samples,
whichever is higher.

* If the analyte is a common laboratory contaminant (mnethylene chloride, acetone, 2-
butarnone) the data may be reported with qualifiers if the concentration of the analyte is less
than live times thre reporting limit. Such action muILst be taken in Consultation with the client.

* Reanalysis of samples associated with an unacceptable method blank is required when
reportable concentrations are determined in the samples.

* If there is no target analyte greater than the RL in the sam ples associated with an
unacceptable method blank, thre data may be reported with qualifiers. Such action should
be done in con1sultationl with the client.

9.4.2. Thre method blank must have acceptable Surrogate recoveries. If'surrogate recovenies are
not acceptable, the data mnust be evaluated to detennine if the method blank has served the
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purpose of demonstrating that the analysis is free of contamination. If surrogate recovenies are
low and there are reportable analytes in the associated samples re-extraction of the blank and
affected samples will normally be required. Consultation with the client should take place.

9.4.3. If reanalysis of the batch is not possible due to limited sample volume or other constraints,
the method blank is reported, all associated samples are flagged with a "3," and appropriate
comments may be made in a narrative to provide further documentation.

9.4.4. Refer to the STL QC Program document (QA-003) for further details of the corrective
actions.

9.5. Laboratory Control Samples (LCS)

9.5.1. For each batch of samples, analyze a LCS. The LCS is analyzed after the calibration standard,
and normally before any samples. The LCS contains a representative subset of the analytes of
interest (See Table 9), and must contain the same analytes as the matrix spike. If any analyte or
surrogate is outside established control limits, the system is out of control and corrective action
must occur. Corrective action will normally be reprcparation and reanalysis of the batch.

* If the batch is not re-extracted and reanalyzed, the reasons for accepting the batch must be
clearly presented in the project records and the report. (Examples of acceptable reasons for
not reanalyzing might be that the matrix spike and matrix spike duplicate are acceptable, and
sample surrogate recoveries are good, demonstrating that the problem was confined to the
LCS.)

* If re-extraction and reanalysis of the batch is not possible due to limited sample volume or
other constraints, the LCS is reported, all associated samples are flagged, and appropriate
comments are made in a narrative to provide further documentation.

9.5.2. Refer to the STL QC Program document (QA-003) for further details of the corrective
action.

9.5.3. If full analyte spike lists are used at client request, it will be necessary to allow a percentage
of the components to be outside control limits as this would be expected statistically. These
requirements should be negotiated with the client. Refer to Section 17.5 for Ohio VAP
specific analytes.

9.6. Matrix Spikes

9.6. 1. For each QC batch, analyze a mnatrix spike and matrix spike duplicate. Spiking compounds
and levels are given in Table 9. Compare the percent recovery and relative percent difference
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(RPD) to that in the laboratory specific historically generated limits. See Section 17.5 for
Ohio VAP specific analytes.

* If any individual recovery or RPD falls outside the acceptable range, corrective action must
occur. The initial corrective action will be to check the recovery of that analyte in the
Laboratory Control Sample (LCS). Generally, if the recovery of the analyte in the LCS is
within limits, then the laboratory operation is in control and analysis may proceed. The
reasons for accepting the batch must be documented.

* If the recovery for any component is outside QC limits for both the matrix spike/ spike
duplicate and the LCS, the laboratory is out of control and corrective action must be taken.
Corrective action will normally include reanalysis of the batch.

* If a MS/MSD is not possible due to limited sample, then a LCS duplicate should be
analyzed. RPD of the LCS and LCSD are compared to the matrix spike limits.

* The matrix spike/duplicate must be analyzed at the same dilution as the Unspiked sample,
even if the matrix spike Compounds will be diluted out.

9.7. Noneonlbornance and Corrective Action

9.7. 1. Any deviations from QC procedures must be documented as a nonconfornnance, with
applicable cause and corrective action approved by the facility QA Manager.

9.8. Quality Assurance Summinaries

Certain clients may require specific project or program QC which may supersede these method
requirements. Quality Assurance Summaries should be developed to address these
requirements.

9.9. STL QC Program

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

10. CALIBRATION AND STANDARDIZATION

10.1. Summary

I10. 1.1. Prior to the analysis of samples and blanks, each CC/MS system must be tuned and calibrated.
H-ardware tunling is checked through the analysis of the 4-Bromnofluiorobenzene (BFB) to
cstablish that a given CC/MS system meets the standard mass spectral abundance criteria. The
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GC/MS system must be calibrated initially at a minimum of five concentrations (analyzed under

the same BFB tune), to determine the linearity of the response utilizing target calibration
standards. Once the system has been calibrated, the calibration must be verified each twelve
hour time period for each GC/MS system.

10.2. 1. General

Electron Energy: 70 volts (nominal)
Mass Range: 35-300 AMU
Scan Time: to give at least 5 scans/peak, but not to exceed 2

second/scan
Injector Temperature: 200-250 0 C
Source Temperature: According to manufacturets specifications
Transfer Line Temperature: 250-3000 C
Purge Flow: 40 mL/minute
Carrier Gas Flow: 15 mL/minute
Make-up Gas Flow: 25-30 miL/minute

10.2.2. Gas chromatograph suggested temperature program

10.2.2.1. BFB`1 Analysis

Isothemial: 170 0C

10.2.2.2. Sample Analysis

Initial Temperature: 400C
Initial Hold Time: 4 minutes
Temperature Program: 80C/minute
Final Temperature: 1 840C
Second Temperature Program: 400(3/minute
Final Temperature: 240 0C
Final Hold Time: 2.6 minutes

10.3. lInstrumnent Tuning

10.3. 1. Each GC/MS system must be hardware-tuned to meet the abundance criteria listed in Table
10 for a maximum of a 50 ng injection or purging of BFB. Analysis must not begin until
these criteria are met. These criteria must be met for each twelve-hour time period. The
twelve-hour time period begins at the moment of injection of BFB.

1 1/22/02
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1 0.4. Initial Calibration

10.4. 1. A series of five initial calibration standards is prepared and analyzed for the target
compounds and each surrogate compound. Six standards must be used for a quadratic least
squares calibration. Suggested calibration levels for a 5 mL purge are: 5, 20, 50, 1 00, and
200 ltg/L. Certain analytes are prepared at higher concentrations due to poor purge
performance. Suggested calibration levels for a 25 rnL purge are 1, 5, 10, 20, and 40 gig/L.
Again, some analytes are prepared at higher levels. Tables 2 and 4 list the calibration levels
for each analyte. Other calibration levels and purge volumes may be used depending on the
capabilities of the specific instrument. (For example, adequate sensitivity can be obtained
on the Agilent 5973 instruments to use a 5 mL purge volume to reach the same reporting
limits that once required a 25 mL purge. The calibration levels will still be the same I, 5,
10, 20, 4Ogg/L.) However, the same purge volume must be used for calibration and
sample analysis, and the low level standard must be at or below the reporting limit.

10.4.2. It may be necessary to analyze more than one set of calibration standards to encompass all
of the analytes required for same tests. For example, the Appendix IX list requires the
Primary standard (Table 5) and the Appendix IX standard (Table 6). If acceptable
,analytical performance can be obtained the primary and appendix IX standards may be
analyzed together.

10.4.3. Internal standard calibration is used. The internal standards are listed in Table 7. Target
compounds should reibrence the nearest internal standard. Each calibration standard is
Panalyzed and the response factor (RF) f-or each compound is calculated using the area
response of the characteristic ions against the concentration for eachi compound and internal
standard. See equation 1, Section 12, for Calculation of response fiactor.

10.4.4. The 04 RSD of the calibration check compounds (CCC) must be less than 30%. Refer to
Table 12 for the CCCs.

10.4.4. 1. Ifrnone of the CCCs are required analytes, project specific calibration specifications
must be agreed with the client.

10.4.5. The average RE must be calculated for eachi compound. A system performanice check is
made prior to using the calibration curve. The five system performance cheek compounds
(SPCC) are checked for a minnimumn average response factor. Refer to Table I I for the
SPCC com1pounds and required minimum response factors.

10.4.6. If the average of all the %RSDs in the calibration is < 15%, then all analytes may use
average response fbctor for calibration.
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10.4.6.1. If the software in use is capable of routinely reporting curve coefficients for data
validation purposes, and the necessary calibration reports can be generated, then the

analyst should evaluate analytes with %RSD > 15% for calibration on a curve. If it
appears that substantially belier accuracy would be obtained using quantitation from
a curve then the appropriate curve should be used for quantitation. If Relative
Standard Error (RSE) is used to evaluate the curve it must be better than 15%.
Otherwise the correlation coefficient (coefficient of determination for non-linear
curves) must be > 0.990.

10.4.6.2. If the average of all the %/RSDs in the calibration is > 15% then calibration on a
curve must be used for all analytes with %RSD > 15%. Linear or quadratic curve
fits may be used. The analyst should consider instrument maintenance to improve
the linearity of response. If Relative Standard Error (RSE) is used to evaluate the

curve it must be better than 15%. If the % RSD is > 15%, the analyst may drop the
low or high in the ICAL , as long as a minimum of 5 points are maintained and the
quantitation range is adjusted accordingly. Otherwise the correlation coefficient,
(coefficient of determination, P ,for non-linear curves) must be > 0.990. If the
correlation coefficient is < 0.990, then any hit for these compounds must be flagged
as estimated.

10.4.6.3. Refer to Section 17.5 for specific Ohio VAP criteria.

10.4.7. Weighting of data points

In a linear or quadratic calibration fit, the points at the lower end of the calibration curve
have less weight in determining the curve generated than points at the high concentration end
of the curve. However, in environmental analysis, accuracy at the low end of the curve is
very important. For this reason it is preferable to increase the weighting of the lower
concentration points. I1/Concentration' weighting (often called Il/X2 weighting) will improve
accuracy at the low end of the curve and should be used if the data system has this

capability.

1 0.4.8. If time remains in the 12-hour period initiated by the BED3 injection before the initial
calibration, samples may be analyzed. Otherwise, proceed to continuing calibration.

10.4.9. The calibration standards for the initial 5-point calibration for low level soils that are not
preserved in sodium bisulfate (i.e. arc preserved by freezing, or not preserved) must be
heated to 400C for purging. Using this calibration curve for water samples is acceptable as
long as all calibration, QC, and samples are also heated to 400 C. A separate five point
calibration must be prepared for analysis of low level soils that are preserved with sodium

bisulfate. Low level soils analysis requires the use of a closed vial autosampler such as the
Varian Archon, 0.1. 4552 or Tekmar Precept. Each standard for analysis of sodium
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bisulfafte preserved samples is prepared by spiking the methanolic standard solution through
the septum of a VOA vial containing 5 mL of water and I g sodium bisulfate. The
standards are heated to 400C for purging. All low-level soil samples, standards, and blanks
must also be heated to 400 C for purging. Medium soil extracts should be analyzed using
the water (unheated or optionally heated) calibration curve as long as all calibration
standards, samples, and QC samples are purged at the same temperature.

10.4. 1 O.Non-standard analytes are sometimes requested. For these analytes, it is acceptable to
analyze a single standard at the reporting limit with each continuing calibration rather than a
five point initial calibration. If the analyte is detected in any of the samples, a five point initial
calibration must be generated and the sample(s) reanalyzed for quantitation. However, if
the analyte is not detected, the non-detect may be reported and no further action is
necessary.

Note: This procedure is may not be used for Ohio VAP samples.

10.5. Continuing Calibration: The initial calibration must be verified every twelve hours.

10. 5. 1. Continuing calibration begins with analysis of BFB as described in Section 10.3. If the
system tuine is acceptable, the continuing calibration standard(s) arc analyzed. The level 3
calibration standard is used as the continuing calibration.

10.5.2. The RF data from the standards are compared with the average RF from the initial five-
point calibration to determine the percent drift of the CCC compounds. The calculation is
given in equation 4, Section 12.3.4.

10.5.3. The %o drifi of thre CCCs must be < 20% for the continuing calibration to be valid. The
SPCCs are also monitored. The SPCCs must meet the criteria described in Table II1. In
addition, the 04 drift of all analytes must be < 50% with allowance for up to six target
analytes to have % drift > 50%.

10.5.3.1. I frnone of the CCCs are required analytes, project specific calibration specifications
must be agreed with the client.

10.5.3.2. Cyclohexanone, one of the components of the Appendix IX standard, is unstable in
the calibration solution, forming 1,1-dimethoxycyclohexane. No calibration criteria
are applied to cyclohiexanone and quantitation is tentative. Cyclohexanone is
included on the Universal Treatment Standard and FO-39 regulatory lists (but not on
Appendix IX).

10.5.3.3. Refer to Table 12 for specific Ohio VAP analytes.
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10.5.4. If the CCCs and or the SPCCs do not meet the criteria in Sections 10.5.3 and 10.5.4, the
system must be evaluated and corrective action must be taken. The BEFB tune and
continuing calibration must be acceptable before analysis begins. Extensive corrective
action such as a different type of colunm will require a new initial calibration.

10.5.5. Once the above criteria have been met, sample analysis may begin. Initial calibration
average RFs (or the calibration curve) will be used for sample quantitation, not the
continuing calibration RFs. Analysis may proceed until 12 hours from the injection of the
BEB71 have passed. (A sample desorbed less than or equal to 12 hours after the BFB is
acceptable.)

11.PROCEDURE

11.1. Procedural Variations

II 1.1. 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 shall be completely documented
using a Nonconformance Memo and approved by a Supervisor or group leader and QA
Manager. If contractually required, the client shall be notified. The Nonconformance Memo

shall be filed in the project file.

11.1. 2. Any unauthorized deviations from this procedure must also be documented as a
nonconformance, with a cause and corrective action described.

11 .2. Prelininiary Evaluation

11 .2.1. 'Where possible, samples are screened by headspace or GCUMS off-tune analysis to
determine the correct aliquot for analysis. Alternatively, an appropriate aliquot can be
determined from sample histories.

1 1.2.2. Dilutions should be done just prior to the GC/MS analysis of the sample. Dilutions are made
in volumectric flasks or in a Luerlok syringe. Calculate the volume of reagent water required
for the dilution. Fill the syringe with reagent water, compress the water to vent any residual
air and adjust the water volume to the desired amount. Adjust the plunger to the mark and
inject the proper aliquot of sample into the syringe. If the dilution required would use less
than I pl- of sample then serial dilutions must be made in volumnetic flasks.

11.2.2.1. Thediluted concentration is to beestimated to be intheupper half of the calibration
range.
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11.3. Sample Analysis Procedure

11.3.1. All analysis conditions for samples must be the same as for the continuing calibration
standards (including purge time and flow, desorb time and temperature, column
temperatures, multiplier setting etc.).

1 1.3.2. All samples must be analyzed as part of a batch. The batch is a set of up to 20 samples of
the same matrix processed using the same procedures and reagents within the same time
period. The batch also must contain a MVS/MSID, a LCS, and a method blank.

11.3.2.1. If there is insufficient time in the 12-hour tune period to analyze 20 samples, the
batch may be continued into the next tune period. H-owever, if any re-tuning of the
instrument is necessary, or if a period of greater than 24 hours from the preceding
BFB tune has passed, a new batch must be started. For medium level soils the batch
is defined at the sample preparation stage.

1 1.3.2.2. Laboratory generated QC samples (Blank, LCS, MS/MSD) do nlot Count towards
the maximum 20 samples in a batch. Field QC samples are included in the batch
count.

1 1.3.2.3. It is not necessary to reanalyze batch QC with reanalyses of samnples. However, any
rern.1s must be as part of a valid batch.

11.4. Water Samiples

1 1 .4.1I. All samples and standard solutions must be at ambient temperature belbre analysis.

1 1.4.2. Fill a syringe with the sample. If a dilution is necessary it may be made in the syringe if the
sample aliquot is > 5 pL. Check and document the pl-I of the remaining sample.

1 1.4.3. Add 250 ng of each internal and surrogate standard (I10 ltL of a 25 Hg/mL11 solution, refer to
Tables 7, 8 and 16). The internal standards and the surrogate standards may be mixed and
added as one spiking solution (this results in a 50 gg/L solution for a 5 ml- sample, and a 10
pg/L solution for a 25 ml- sample). Inject the sample into the purging chamber.

11.4.3.1. For TCLP samiples usec0.5 mLofTCLP leachiatecwith 4.5 mL reagentiwater and
spike with I0 pL of the 25 pIg/mL TCLP spiking solution. (Note that TCLP reporting
limits will be 10 times higher than the corresponding aqueous limits).

1 1.4.4. Purge the sample for eleven minutes (the tra1p must be below 350 C).
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1 1.4.5. After purging is complete, desorb the sample, start the GC temperature program, and begin

data acquisition. After desorption, bake the trap for approximately 3-10 minutes to

condition it for the next analysis. When the trip is cool, it is ready for the next sample.

1 1.4.6. Desorb and bake time and temperature are optimized for the type of trap in use. The same

conditions must be used for samples and standards.

11.5. Methanol Extract Soils

11.5.1. Rinse a gas-tight syringe with organic free water. Fill the syringe with the same volume of

organic free water as used in the calibrations. Add no more than 2% (v/v) (100 1iL for a 5

mL purge) methanolic extract (from Section 8.5 or 8.6) to the syringe. Add internal

standard (if used). Load the sample onto the purge and trap device and analyze as for

aqu&ous samples. If less than 5ktL of methanolic extract is to be added to the water, dilute

the methanolic extract such that a volume greater than 5MiL will be added to the water in the

syringe. Refer to Section 17.8 for Michigan project requirements.

1 1.6. Liquid wastes that are soluble in methanol and insoluble in water.

11 .6.1. Pipet 2 ml- of the sample into a tared vial. Use a top-loading balance. Record the weight to

the nearest 0.1I gram.

1 1.6.2. Quiekly add 7 mL of methanol, then add I miL of surrogate spiking solution to bring the final

volume to 10 mnL. Cap the vial and shake for 2 minutes to mix thoroughly. For a MS/MSD

or LCS, 6 mL of methanol, I mL of surrogate solution, and I iL. of matrix spike solution is

used.

11.6.3. Rinse a gas-tight syringe with organic free water. Fill the syringe with the same volume of

organic free water as used in the calibrations. Add no more than 2% (v/v) (100 pL. for a 5
mL purge) methanolic extract (from Section 8.5 or 8.6) to the syringe. Add internal

standard (if used). Load the sample onto the purge and trap device and analyze as for

aqueous samples. If less than 5gL of methanolic extract is to be added to the water, dilute

the methanolie extract such that a volume greater than 5 pL will be added to the water in the

syringe.

11.7. Aqueous and Low level Soil Sample Analysis (Purge and Trap units that sample directly from

the VGA vial)

11. 7. 1. Units which sample from the VOA vial should be equipped with a module which

automatically adds surrogate and internal standard solution to the sample prior to purging

the sample.

11/22/02



8,771275
Determination of Volatile analytes by GC/MS SOP No. CORP-MS-OOO2NC
Analysis of Volatile Organics Revision No. 2.3
Based on Method 8260B, 8260A, and 624 Revision Date: 05/23/01

Page 30 of 67

11.7.2. If the autosampler uses automatic IS/SS injection, no lurther preparation of the VOA vial is
needed. Otherwise the internal and surrogate standards must be added to the vial. Note:
Aqueous samples with high amounts of sediment present in the vial may not be suitable for
analysis on this instrumentation, or they may need to analyzed as soils.

11.7.3. Soil samples must be quantitated against a curve prepared with standards containing about
the same amount of sodium bisulfate as the samples (I g in 5 mL).

1 1.7.4. Sample remaining in the vial after sampling with one of these mechanisms is no longer valid
for further analysis. A fresh VOA vial must be used for ftither sample analysis.

11.7.5. For aqueous samples, check the pH of the sample remaining in the VOA vial after analysis
is completed.

I 1.8. Low,-Level So/ic/s Analysis using discrete autosamplers. Method 8260A, 5030A.
Note: This technique may seriously underestimate analyte concentration and must not
Lbe used except at specific client request for the purpose of comparability with previous
data. It is no longer part of SW-846.
This met hod is based on purging a heated soil/sedintent sample mixed with r'eagent water

containing the suirro gates and iiiterncil standards. A nalyze ciii recagent blcunks cmc/
s/ant/arc/s under t/hc samne conditions as the samples (e.g., heated) The calibration curve
is also heated during analysis. Purge temperature, is 40"C.

1 1.8. I. Do no diiscard any i~suiperncitanh tiquiid&. Mfixthe contents of/he Conta(inerrwith/ia
narrow n/c/al spatlda.

11.8.2. Weigh outS5 g (or other appropriate aliquot,) of sample into a disposable culture tube
or other purge vessel. Record the weight to the neares 0.1I g. I/mnethod sensitivity is
demonstrated, a sinai/er diliquot may be used. Do not use aliquots less than 1. 0g. 1f
the sample is contcmminated with cmalytes such that ci purge, amount less than 1. 0 g is
appropriate, use the medium level m7/chod. For the mnedium level method, ad/c 4g soil
to It) niL methanol containing the surrogates, mix for two mninutes, callow to settle

he remove ci portion of/'he m~ethanol and store in ci clean Te~flon capped vial at 4 0C
until analysis. Analyze as clescri bed in section 11.5.

1 1. 8.3. Conn1ect the purge vessel to the purge cnc! trapd de vice.

11.8.4. Rinse a S niL gas-tight syringe with organic/t-ee water-, and fill. Compress to S m7L.
A c/elsiti-rrogate/iinlterncilstandaicrd (c/ned matrix spike solutions i/'required.). Acde directly
to the sample from 1I. 5.2.
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11. 8.5. The above steps should be performed rapidly and without in! erruption to avoid loss of

volatile organ ics.

11.8.6. Add the heater jacket or other heating device and start the purge and trap unit.

11.8.7. Soil samples that have low IS recovery when analyzed (<50%o) should be reanalyzed

once to confirm matrix ejlfect.

11.9. Medium-Level Soil/Sediment and Waste Samples

1 1.9.5. Sediments/soils and waste that are insoluble in methanol.

11.9.5.1. Sediments/soils and waste that are insoluble in methanol.

1 1.9.5. 1. 1. Gently mix the contents of the sample container with a narrow metal or wood
spatula. Weigh 4 g (wet weight) into a tared vial. Use a top-loading balance.
Record the weight to 0.1 gram. Do not discard any supernatant liquids.

II. 9.5.1.2. Quickly add 9 rnL of methanol, and I mL of surrogate spiking solution to bring

the final volume of methanol to 10 mL. For an LCS or MS/MSD sample add 8
mL of methanol, I ml. of surrogate spike solution, and I n4. of matrix spike

Solution. Cap the vial and vortex to mix thoroughly.

NOTE: Sections 1 1.9.5. 1.1 and 1 1.9.5.1.2 must be per-formed rapidly and without
interruption to avoid the loss of volatile organics.

1.1I0. Initial review and corrective actions

11.10.1. If the retention time for any internal standard in the continuing calibration changes by

more than 0.5 minutes from the mid-level initial calibration standard, the chromatographie

system must be inspected for malfbinctions and corrected. Reanalysis of samples analyzed

while the system was malfunctioning is required.

11.10.2. If the internal standard response in the continuing calibration is more than 200% or

less than 50% of the response in the mid-level of the initial calibration standard, the

chromatographic system must be inspected for malfunctions and corrected. Reanalysis of

samples analyzed while the system was malfunctioning is required.

11. 10.2.1. Any samples that do not meet the internal standard criteria for theccontinuing

calibration must be evaluated for validity. If the change in sensitivity is a matrix effect

confined to an individual sample reanalysis is not necessary. If the change in sensitivity is
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due to instrumental problems all affected samples must be reanalyzed after the problem
is corrected.

1 1.10.3. The surrogate standard recoveries are evaluated to ensure that they are within limits.
Corrective action for surrogates out of control will normally be to reanalyze the affected
samples. However, if the surrogate standard response is out high and there are no target
analytes or tentatively identified compounds, reanalysis may not be necessary. Out of
control Surrogate standard response may be a matrix effect. It is only necessary to reanalyze
a sample once to demonstrate matrix effect, but reanalysis at a dilution should be
considered.

I11.11. Dilutions

If the response for any compound exceeds the working range of the GC/MS system, a dilution
of the extract is prepared and analyzed. An appropriate dilution should be in the upper half of
thre calibration range. Samples may be screened to determine the appropriate dilution for the
initial run. If the initial diluted run has no hits or hits below 20% of the calibration range and the
matrix allows for analysis at a lesser dilution, then the sample must be reanalyzed at a dilution
targeted to bring the largest hit above 50% of the calibration range.

I 1.10.1. Guidance for Dilutions Due to Matrix

If thle sample is initially mun at a dilution and the baseline rise is less than half the height of the
internal standards, or if individual non target peaks are less than twice the height of the
internal standards, thenr the sample should be reanalyzed at a more concentrated dilution.
This requirement is approximate and subject to analyst judgement.

1 1.10.2. Reporting Dilutions

The most concentrated dilution with no0 target compounds above the calibration range will
be reported. Other dilutions will only be reported at client request.

12. DATA ANALYSIS AND CALCULATIONS

1 2.1. Qualitative identification

An analyte is identified by retention time and by comparison of the sample mass spectrum with
the mass spectrum of'a standard of the Suspected compound (standlard reference spectrum).
Mass spectra for standard reference may be obtained on the user's CC/MS by analysis of thle
calibration standards or from thle NIST Library. Two criteria Must be satisfied to verify
identification: (1) elution of sample component at thle same GC retention time as the standard
component; and (2) correspondence of the sample component and the standard component
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characteristic ions. (Note: Care must be taken to ensure that spectral distortion due to co-

elution is evaluated.)

* The sample component retention time must compare to within ± 0.2 min. of the

retention time of the standard component. For reference, the standard must be run

within the same twelve hours as the sample.

* All ions present in the standard mass spectra at a relative intensity greater than 10%

(most abundant ion in the spectrum equals 1 00%) should be present in the sample

spectrum.

* The relative intensities of ions should agree to within +30% between the standard and

sample spectra. (Example: For an ion with an abundance of 50% in the standard

spectra, the corresponding sample abundance must be between 20 and 80 percent.)

12. 1. 1. If a compound cannot be verified by all the above criteria, but in the technical judgment of

the analyst, the identification is correct, then the analyst shall report that identification and

proceed with quantitation.

12.2. Tentatively Identified Compounds (TICs)

12.2. 1. If the client requests components not associated with the calibration standards, a search of

the NIST library may be made for the purpose of tentative identification. Guidelines are:

12.2.1.1. Relative intensities of major ions in the reference spectrum (ions > 10% of the most

abundant ion) should be present in the sample spectrum.

12.2.1.2. The relative intensities of the major ions should agree to within 20%. (Example: If an

ion shows an abundance of 50% in the standard spectrum, the corresponding sample

ion abundance must be between 30% and 70%).

12.2. 1.3. Molecular ions present in the reference spectrum should be present in the sample

spectrum.

12.2.1.4. Ions present in the sample spectrum but not in the reference spectrum should be

reviewed for possible background contamination or presence of coeluting

compounds.

12.2.1.5. Ions present in the reference spectrum but not in the sample spectrum should be

reviewed for possible subtraction from the spectrum because of background

contamination or coeluting peaks. (Data system reduction programs can sometimes

create these discrepancies.)
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12.2.1.6. Computer-generated Iibrary search routines should not use normalization routines
that would misrepresent the library or unknown spectra when compared to each
other. Only after visual inspection of the sample with the nearest library searches
should the analyst assign a tentative identification.

1 2.3. Calculations.

12.3. 1. Response factor (RF):
Equation I

RF =A, i

Where:

A,= Area of the characteristic ion for the compound to be measured

Ai, = Area of the characteristic ion for the specific internal standard

C1, = Concentration of the specific internal standard, ng

C, = Concentration of thle compound being measured, ng

1 2.3.2. Standard deviation (SD):
Equation 2

SD (Xi_-X) 2

Xi= Value of X at i through N

N = Number of points

X = Average value Of Xi

1 2.3.3. Percent relative standard deviation (%RSD):
Equation 3

%RSD= Standard Deviation 100o
RFi

RF;= Mican of RI? values in the enirve
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12.3.4. Percent drift between the initial calibration and the continuing calibration:

Equation 4

% Drift = ~~O-C .dxlOO
Cexpeced

Where

Cexpoctd = Known concentration in standard

Cfou,,d -Measured concentration using selected quantitation method

12.3.5. Target compound and surrogate concentrations:

Concentrations in the sample may be determined from linear or second order (quadratic)
curve filled to the initial calibration points, or from the average response factor of the initial

calibration points. Average response factor may only be used when the % RSD of the
response factors in the initial calibration is < 15%.

12.3.5. 1. Calculation of concentration using Average Response Factors

Equation 5

Concentrationjug / L = -
RF

12.3.5.2. Calculation of concentration using Linear fit

Equation 6

Concentration pig / L = A ± Bx

1 2.3.5.3. Calculation of concentration using Quadratic fit

Equation 7

Concentration p~g / L = A +BX + Cx2

x is defined in equations 8, 9 and 10

A is a constant defined by the intercept

B is the slope of the curve

C is the curvature
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12.3.5.4. Calculation of x for Water and water-miscible waste:

Equation 8

(A;. )(V0,)

Where:

A, = Area of characteristic ion for the compound being measured (secondary ion
quantitation is allowed only when there are sample interferences with the primary
ion)

A,= Area of the characteristic ion for the internal standard

I. Amount of internal standard added in ng

Di lUtion Factor = Dr=- Total volume purged (nl-)
Volume of original sample used (nl-)

V,= Volume of water purged, niL

12.3.5.5. CalCulation ofx for Medium level soils:

Equation 9

-= (A.)(IL)(V.)(100O)(Dw)
(Ai.)(VI.)(N,)( D)

Where:

A,, I,, Di, A,,,, samne as for water.

Vt = Volume of total extract, rnl, (Typically 25 inil)

V.= Volume of extract added for purging, pL

W,= Weight of sample extracted, g

D 100 - %rnoisture
100

1 1/22/02
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12.3.5.6. Calculation of x for Low level soils:

Equation 10

Where:

A.,, Is, Ai,,, same as for water.

D is as for medium level soils

W/, = Weight of sample added to the purge vessel, g

12.3.5.7. Calculation of 'PCs: The calculation of TICs (tentatively identified compounds) is

identical to the above calculations with the following exceptions:

A, Area in thle total ion chronmatogram for the compound being measured

Ai, =Area of the total ion chrornatogram for the nearest internal standard without
interference

RIF=1I

In other words, the concentration is equal to x as defined in equations 8, 9 and 10.

12.3.6. MvS/MISD Recovery

Equation 11

Matrix Spike Recovery, % =SS - SR I 100

SSR = Spike sample result

SR = Sample result

SA = Spike added
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12.3.7. Relative % Difference calculation for the MS/MSD
Equation 12

RPD=- MSR - MSDRj

2,(MSR + MSDR) "I0

Where:

RPD =Relative percent difference

MS R =Matrix spike result

MVS DR = Matrix spike duplicate result

1 1/22/02
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13. METHOD PERFORMANCE

13.1. Method Detection Limit

13.2. Generally, each laboratory must generate a valid method detection limit for each analyte of

interest. The MDL must be below the reporting limit for each analyte. The procedure for

determination of the method detection limit is given in 40 CER Part 136, Appendix B, and

further defined in QA Policy #: QA-005. When non-standard compounds are analyzed at client

request, lesser requirements are possible with client agreement. At a minimum, a standard at the

reporting limit must be analyzed to demonstrate the capability of the method.

13.3. Initial Demonstration

13.4. Each laboratoiy must make a one time initial demonstration of capability for each individual

method. Demonstration of capability for both soil and water matrices is required. This requires

analysis of QC check samples containing all of the standard analytes for the method. For some

tests it may be necessary to use more than one QC check mix to cover all analytes of interest.

The QC check sample is made up at 20 p1g/L. (Some compounds will be at higher levels, refer

to the calibration standard levels for guidance.)

13.4. 1. Four aliquots of the QC check sample are analyzed using the same procedures used to

analyze samples, including sample preparation.

13.4.2. Calculate the average recovery and standard deviation of the recovery for each analyte of

interest. The %RSD should be < 15% for each analyte, and the % recovery should be

within 80-120%.

13.4.3. If any analyte does not meet the acceptance criteria, check the acceptance limits in the

reference methods (Table 6 of method 824013 paragraph 8.3.5 of method 8260A). If the

recovery or precision is outside the limits in the reference methods, the test must be

repeated. Only those analytes that did not meet criteria in the first test need to be evaluated.

Repeated failure for any analyte indicates the need for the laboratory to evaluate the

analytical procedure and take corrective action.

13.4.4. Training Qualification

13.4.4.1. The group/teamt 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

expenience.

11/22/02
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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. Waste generated in the procedure must be segregated and disposed according to the facility
hazardous waste procedures. The Health and Safety Director should be contacted if additional
information is required.

16. REFERENCES

16.1I. SW846, Test Methods ]br Evaluating So/id Waste, Third Edition, Gas Chroma-
tography/Mass Spectrometry for Volatile Organics, Method 8260B, Update 1II, December
1996

16.2. SW846, Test Methods fir Evaluating So/id Waste, Third Edition, Gas Chronia-
tography/Mass Spectrometry for Volatile Organics, Method 8260A, Update 11, September
1994.

17. MISCELLANEOUS

17.l. Modificationisfrom ithiereference miethod

I17.1I.1I. Ion 1 19 is used as the quantitation ion for chlorobenzenc-d5 lbr 25 nil- purge tests.

17.1.2. A retention time window of 0.2 minutes is used for all components, since somec data systems
do not have the capability of using the relative retention time units specified in the reference
method.

17.1.3. The qUantitation and qualifier ions for some compounds have been changed from those
recommended in SW-846 in order to improve the reliability of qualitative identification.

1 7.1I.4. Method 8260A recommends that the purge vessel is run through an additional purge cycle
after 25 ul- sample analysis to remove carryover. Instead, purge vessels are oven baked
between analyses or disposable vessels are used one time only.

17.1.5. SW-846 recommends that a Curve be used for any analytes with %RSD of the response
ibetors > 15%. However, somec industry standard data systems and forms generation
software cannot report this data with the necessary inibrmation fbr data validation. In
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addition most software available does not allow weighting of the curve. Unweighted curves

may exhibit serious errors in quantitation at the low end, resulting in possible false positives

or false negatives. Therefore, this SOP allows used of average response factors if the
avenage %RSD for all compounds is < 15%.

17.2. Modifications from previous revision

This SOP has been substantially revised to reflect the changes included in Update Ifl to SW-

846. Directions for method 524.2 and method 624 have also 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 are none.

17.4. Flow diagrams

17.4. 1. bnitial Demonstration and MDL

1 7.5. The following are protocols that must be followed when analyzing OhioVAP samples:

*Sections 9.5 and 9.6: n-Hcxane must be spiked and reported for both the LCS and
MS/MSD.

*Sections 10.4.6: All analytes must have a %RSDs < 15%. Corrective action must be

completed for any compounds failing the < 15% requirement.

*Section 1.1I and 17.1.5 (Method deviations) are not to be performed.

*Section 1 1.9.2: For OhioVAP projects, the laboratory will reanalyze any sample where the
internal standard fails and there is no evidence of matrix interference.

17.6. The following are protocols that must be followed when analyzing BP Oil -Lima Refinery RFI

work plan.

* Section 8.1 STh will continue to follow the 14 day holding time specified in the Corporate

SOP.

* Delete for this project Section 8.3 At specific client request, unpreserved soil samples may be
accepted.

11122102
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* Delete for this project Section 8.8.1 At specific client request unpreserved soils packed into
glass jars or brass tubes may be accepted and subsampled in the lab. This is the old procedure
based on method 5030A. It is no longer included and is likely to generate results that are
biased low, possibly by more than an order of magnitude.

* Modify Section 8.5.8 For the purpose of this project, the soil/methanol mixture may be stored
for two days prior to analysis.

* Modify Section 8.6.12 For the purpose of this project, the soil/methanol mixture may be stored
for two days prior to analysis.

* Modify (per discussion with Region V representative) to Section 10.4.6.2 Compounds with
%RSD > 15% are to be calibrated using an alternate calibration technique (e.g. linear or
quadratic calibration curve). For poor responders, the alternate calibration technique
requirements may not be met either. This sentence is added for those cases.If the correlation
coefficient is < 0.990, then any hit for these compounds must be flagged as estimated.

* Modify Section 10.4.2 It is necessary to analyze the Appendix IX standard separately from the
primary standard due to the presence of xylene solvent in tile Appendix IX standard.
Alternatively, STL will purchase the Appendix IX standard in a solvent other than xylcnc.

* Modi ly Section 10.4.9 For this project, this section will be modified to comply with the
recltirenlent of adding methanol to the calibration standards so that those standards contain the
samei amount of miethanol as the diluted soil extracts.

* modifV Table 6

* for the project specific SOP, acetonitrile will be removed from table 6, page 49 and appended
onto table 5, page 48. Acetonitrile will be calibrated as part of the STL primary standard, using
a Separate acetonitrile standard. This will ensure that the calibration curve for acetonitrile will be
done free from any interference from allyl chloride.

17.7. The Ibllowing ale protocols that must be followed when analyzing South Carolina Projects only.

• Delete fromt Section 10.4.7 In a linear or quadratic calibration fit, the points at the lower end
ofthe calibration Curve have less weight in determining the curve generated than points at the
high concentrdtion end of the Curve.

* Delete fromt Section 12.3.5 Concentrations in the sample may be decterilined from linear or
second order (quadr-atic) curve fitted to the initial calibration points, or from the average
response factor of the initial calibration points.

* Delete fromn Section 12.3.5.1

1 1/22/02
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Calculation of concentration using Quadratic fit

Equation 13

Concentration pg / L = A +Bx +CX2'

x is defined in equations 8, 9 and 10

A is a constant defined by thc intercept

B is the slope of the curve

C is the curvature

Change Section 9.3 The compounds included in the surrogate spiking solutions are

listed in Tables 8 and 9.

1 7.8. The following are protocols that must be followed to achieve the lower reporting limits required

when analyzing Michigan projects.

17.8. 1. Modify Section 8.5.4 and 8.6.8 (add 5 uL of 2500 ug/mL surrogate solution for a nominal

25 g sample).

17.8.2. Modify Section 8.5.5 and 8.6.9 (add 1 00 uL of 50 ug/mL spike solution for a nominal 25 g

sample).

17.8.3. Modify Section 8.5.6 and 8.6. 10 (add 1 00 uL of 50 ug/mL spike solution for a nominal 25g

sample).

17.8.4. Michigan reporting limits for methanol preserved soils are achieved by injecting 100 uL of

the methanol extract in a 5 mL purge. The instrument is calibrated using the recommended

calibration levels in water of I ug/L, 2 ug/L (if a quadratic calibration is to be used), 5 ug/L,

10 ug/L, 20 ug/L and 40 ug/L. Some analytes are prepared at higher concentrations.

17.8.5. Samples for Michigan projects frequently require calibration for 2-Methylnaphthalene.

Recommended calibration levels for this compounds are 2 ug/L, 10 ug/L, 20 ug/L, 40 ug/L

and 80 ug/L.
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Table I

STL Primary Standard and Reporting Limits

Reporting Limits'

CAS 5 mL Water 25 mi2 Low soil 826DB/ 8260A

Compound Number jtg/L water pg/L jig/kg 5035 5030A
Soil Med Level

ug/kg Soil

____ - - - - - ji~~~~~~~~~~~~~~~~~~~gkg

Dichlorodifluoromethane 757- 02 1020120

Chloromethane 748- 02 112000

Bromomnethane 78391 21 01200

Vinyl chloride 750410 2120020

Chloroethane 75003 10 2 050 1200

Trichlorofluoromethane 756410 2 050 1200

Acrolein 107__02_8 I0 2 100 00 12000

Acetone 6764-12 0 20 100 2500

Trichiorotrifluoroethane 761- I 5 20620

lodomethane 7484 I 5 20620

Carbon disulfide 751- I 5 20620

Methylene chloride 750I 5 20620

tert-Butyl alcohol 76502050 200 1000 25000

1, I -Dichloroethene 7534 I 5 20620

1,1I -Dichloroetlhane 75-34-3 I 5 20620

trans-1,2-Dichlorocthene 156-60-5 5.0 1.0 5.0 250 310

Acrylonitrile 107-13-1 100 20 100 5000 12000

Methyl tc'rt-butyl ether (MTBE) 1634-04-4 20 5 20 1000 2500

H-exane 110-54-3 5 I 5 250 620

cis-l1,2-Dichloroethene 156-59-2 5.0 1.0 5.0 250 310

I1,2-Dichloroethene (Total) 540-59-0 5 I 5 250 620

Tetrahydrofuran 109-99-9 20 5 20 1000 20

Chloroform 67-66-3 5 I 5 25062

1,2-Dichloroethane 107-06-2 5 I 5 250 620

Dibrornomethane 74-95-3 5 1 5 250 620

-2-1utanone 78-93-3 20 5 20 1000 2500

l,4-Dioxane 123-91-I 500 200 500 25000 62000

1,1, I -Trichlorocthane 71-55-6 I 5 250 620

Carbon tetrachloride 56-23-5 5 I 5 250 620

Bromodichloromethane 75-274 5 1 5 250 620

1,2-Dichloropropane ~708-87-5 5 I 5 250 620

cis-1,3-Dichloropropetie 10061-01-5 5 I 52560

11122/02
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Table I

STL Primary Standard and Reporting Limits

Reporting Limits'

GAS 5 inL Water 25 mnL2 Low soil 8260B/ 8260A
Compound Number Ltg/L water itg/L pig/kg 5035 5030A

Soil Med Level
ug/kg Soil

Trieicloroethene 79-01-6 5 I 5 250 620
Dibronioichloroniieihane 124-48-1 5 I 5 250 620
1,2-Dibronioethane 106-93-4 5 I 5 250 620
1,2,3-Trichlioropropane 96-184 5 I 5 250 620
I,1,2-Trichloioethiane 79-00-5 5 I 5 250 620
B~enzene 71-43-2 5 I 5 250 620
Eihylinethacrylate 97-63-2 5 I 5 250 620
(Irans-1,3-IDicllor-opriopenie 10061-02-6 5 I 5 250 620
Ri,01olmojorm 75-25-2 5 1 5 250 620
4-Methyl-2-pentanonec 108-10-I 20 5 20 1000 2500
2 -1l~exanone 591-78-6 20 5 20 1000 2500
Tetirach lorocthierc 127-18-4 5 I 5 250 620
ToILI eII 108-88-3 5 I 5 250 620
l.I,2,2-Tetrachlom Letlianc 79-34-5 5 1 5 1250 620
2-Chloroethyl vinyl ether 110-75-8 NAN/ 50 1000 6200
Vinyl acclare 108-054 10 2 10 500 1200
Chloro0benizene 108-90-7 5 I 5 250 620
1I.ihylben-zene 100AM- 5 15 250 620
StyreCoe 10042-5 5 I 5 250 620
t-lI,4-Dichloro-2-bi~tenC 110-57-6 5 I 5 250 620
mna nd Ip X ylenes 5.0 0 5 2.5 1 125 310
o-xyleneQ 9547-6 5.0 0.5 2.5 1 125 310
Total xylenes 1330-20-7 5 I 5 250 620
1,3-Dichlorobenzenc 541-73-I 5 I 5 250 620
I1,4-Dichlorobenzene 10646-7 5 1 5 250 620
I1,2-Dichlorobenzene 95-50-1 5 I 5 250 620
2,2-Dichllmopropane 590-20-7 5 I 5 250
VBronochl oroniettiane 74-97 ] 5 1 25

IJi-Dichloropropene j563-58-6 j 5 I 1____ 5

liro~nodiehloromeiliane 75-27-4 j 5 I _______ I 1250 F
1,2-Dichoioropropane 78-87-5 f 5 ________I250

1 3-Dichloropropane 142-28-9 5 J I5 [25

1 1/22/02
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Table I

STL Primary Standard and Reporting Limits

Reporting Limits'

CAS 5 mL \Vater 25 mL` Low soil 8260B3/ 8260A

Compound Number pg/L water pRg/L ltg/kg 5035 5030A
Soil Med Level

ug/kg Soil

Isopropylbenzene 98-82-8 5 1 5 250

Bromobenzene J 108-86-I 5 I _____ I 250

n-Propylbenzene 103-65-1 5 250

2-Chlorotoluene [ 9549-8 5 J I250

[4-Chiorotoluene 106-43-4 j 5 J 5 5

l,3,5-Trimethylbenzene 10-78 j 5 1 5____ 5

er-utylbenzene 98-06-6 ] 5 [ 5 250 I______
1I,2,4-Trimethylbenzene 95___63__6 1 5_____ 5 ______I s 250

sec-butylbcnzene j 135-98-8 5 1 5 250

I4-isopropyltoluene 99-87-6 5 1 5 j 250

n-Buiylbenzcne 5 I ______ 5 250

1 ,2,4-Trichlorobenzenc 120-82-1 5 ] 1 5 ] 250

Napthalcne 91-20-3 j I j 5

Hcxachlorobutadiene 87-68-3 [ I 5 I 250 [ _____

I1,2,3-Trichlorobenzene 87-61-6 5 E l______1 2 50

Acetonitrile 75-05-8 100 20 j 0 000j

Reporting limits listed for soil/sediment are based on wet weight. The reporting limits calculated by the laboratory for

soil/sediment, calculated on dry weight basis, will be higher.

2 2-Chloroethyl vinyl ether cannot be reliably recovered from acid preserved samples

Optionally, 5 mL purge volume if adequate sensitivity is obtained.

1 1122102
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Table 2

STL Primary Standard Calibration Levels, 5 mL purge'

CalbainLvlu/

Compound Level I Lel 2 LeeIee 4 Level 5
l,2-Dichiloroctlhane-d4 (Surrogate) 5 20 50 100 200
Toluenec-dS (Surrogate) 5 20 50 100 200
4-BroniollUorobenzerne (SUrrogate) 5 20 50 100 200
Dichlorodilluoronmethanlc 5 20 50 100 200
Chlorornefihane 5 20 50 t00 200
Broinoeinchanec 5 20 50 100 200
Vinyl chloride 5 20 50 100 200
Chloroeifiane 5 20 50 100 200
TrichlorollUoroniethane 5 20 50 00o 200
Acrolein 50 200 500 1000 2000
Acetone 5 20 50 tOO 200
Trichloionrifluoroethane 5 20 50 100 200
lodonmefihane 5 20 50 100 200
Catihon dIi SotIde1(I 5 20 50 100 200
Meihylenle chlor ide 5 20 50 00o 200
tert-Butyl alcohol 00o 400 -1,000 2,000 4,000
1, 1-Dichloroethene 5 20 50 lOG 200
1,J-Dichloroefliane 5 20 50_ 00 200
Irans-1.2-Dichloroctlhene 5 20 50 100 200
Acrylonitrile 50 200 500 1,000 2,000
Methyl Ictt-bUtyl ether (MTBE) 5 20 50 100 200
1-lexane 5 20 50 100 200
cis- 1,2-Dichloroethenei 5 20 50 too 200
Tetirahydroi'uran 5 20 50 100 200
Chloroformi 5 20 50 100 200
1,2-Dichloroetliane 5 20 50 100 200
Dibrornoinethiane 5 20 50 100 200
2-l3utitnone 5 20 50 00o 200
1,4-Dioxane 250 1000 2,500 5,000 10,000
l, ,I -Trichloroctliane 5 20 50 100 200
Carbon tetrachloride 5 20 s0 100 200
Brtomodichlooroneihanc -5 20 50 100 200
1,2-Dichloropropane 5 20 50 100 200
cis-l.,3-Dichloropropene 5 20 50 100 200
Trich loroethene J 5 20 50 10200
Dibroinochlorornethane 5 1 20 50 100o 200

1 1/22/02



8771294
Determination of Volatile analytes by GCUMS SOP No. CORP-MS-0002NC

Analysis of Volatile Organics Revision No. 2.3

Based on Method 826GB, 8260A, and 624 Revision Date: 05/23101
Page 49 of 67

Table 2

STL Primary Standard Calibration Levels, S mL purge'

Compound ~~~Level I Lvl2 eel3 eel4 Level 5

I1,2-Dibromoethane 5 2 01 200

1,2,3-Trichloropropane 5 20 50 100 200

Acetonitn-e 50 200 500 1000 2000

1, 1,2-Trichloroethane 5 20 50 100 200

Benzene 5 20 50 100 200

Ethylmethacrylate 5 20 50 100 200

trans-1,3-Dichloropropenc 5 20 50 100 200

Bronmoform 5 20 50 100 200

4-Methyl-2-pentanone 5 20 50 100 200

2-H-exanone 5 20 50 100 200

Tetrachloroethene 5 20 50 100 200

Toluene ~ ~~~~5 20 50 100 200

1, 1,2,2-Tetrachloro ethane 5 20 50 100 200

2-Chloroethyl vinyl ether 10 40 100 200 400

Vinyl acetate ~ ~5 20 50 100 200

Chlorobenzenc 5 20 50 100 200

Ethylbenzene 5 20 50 100 200

Styrene 5 20 50 100 200

t-l1,4-Dichloro-2-butene 520 50 100 200

in and p Xylenes 10 40 100 200 400

o-xylene 5 20 50 100 200

1,3-Dichlorobenzene 5 20 50 100 200

1,4-Dichlorobenzene 5 20 50 tOO 200

1,2-Dichlorobenzcne 5 20 50 100 200

2,2-Dichloropropane 5 20 50 100 200

Bromochloromethane 5 20 50 tOO 200

I1,1-Dichloropropene 5 j 20 J 50 100 200

Bromodichloromethane I 5 20 50 100 200 1
I1,2-Dichloropropanc 5 20 [ 50 J 100 200

I1,3-Dichloropropane 1 5____ 20 50 j 100 200

Ilsopropylbcnzene [ 5 20 50 too 200

Bromobenzene ~5 J 20 j 50 100 200

n-Propylbenzenc I 2 50 j 100 200

[2-Chlorotoluene j S [ 20 } 50 j 10020

4-Chlorotoluene j 5 2 J 50 ] 00 J 200

1,3.5-Trimethylbenzene ] S jo0o 50 J 0020~0

tert-Buitylbenzcnc S 0 ] 010 200
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Table 2

STL Primary Standard Calibration Level s, 5 mL purge'

Calibration Level ug/L
Compound Level I Lvl2 1Level 3 Level 4 Level 5

1,2,4-Triincthylbenzene 5 J 20 J 50 100 j 200
sec-butylbcnzcne J 5 j 20 50100 J 200
4-!sopropyltoltene 5 j 20 50 J ie 200
n-Buitylbcnzcnc I 20 J 50 J 00 200
1,2,4-Trichlorobenzene I 20 f 50 J 100 j 20
Napt ialcne I 20 j 50 100 200

[_Hexachlorobutiadicnc I 5____ 20 j 000 J 20
,2,3-Triclorobcnzee 1 ~ [ 2 50 J 100 200

L evel% for 25 mL. purge are 5 times lower in all cases

Table 2A
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STL Primary Standard Calibration Levels, Low Level'

Calibration Level ug/L ______ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Compound Lee ee eel 3 Level] 4 Lel5

Dibromofluoromethane (Surrogate) I 5 10 20 40

l,2-Dichloroethane-d4 (Surrogate) 1 5 10 20 40

Toluene-dS (Surrogate) 1 5 10 20 40

Bromofluorobenzene (Surrogate) I5 10 20 40

Dieblorodifluoromethane I 5 1 0 20 40

Chloromethane 1 5 10 20 40

Vinyl Chloride I 5 10 20 40

Bromomethane I 5 1 0 20 40

Chloroethane 1 5 10 20 40

Trichlorofluoromethanc 1 5 1 0 20 40

Acrolein I10 50 100 200 400

Acetone 2 1 0 20 40 80

1,1-Dichloroethene I 5 1 0 20 40

Tri chlIorotri fl uoroethane 1 5 1 0 20 40

lodomethane I 5 1 0 20 40

Carbon Disulfide I 5 10 20 40

Methylene Chloride 1 5 10 20 40

Acetonitnle 10 50 100 200 400

Acrylonitrile I10 50 100 200 400

Methyl tert-butyl ether I 5 1 0 20 40

trans-l1,2-Dtchlorocthene I 5 1 0 20 40

Hexane 1 5 10 20 40

Vinyl acetate 1 5 10 20 40

1, I-Dichloroethane I 5 1 0 20 40

tert-Butyl Alcohol 20 100 200 400 800

2-Butanone 2 1 0 20 40 80

cis- I ,2-dichlorocthene I 5 1 0 20 40

2,2-Dichloropropane I5 10 20 40

Broinochloromethane I 5 1 0 20 40

Chloroform I 5 10 20 40

Tetrahydrotbiran I 5 10 20 40

1, 1, I-Trichloroethane 1 5 1 0 20 40

1, I-Dichloropropene 1 5 1 0 20 40

Carbon Tetrachloride I 5 10 20 40

1,2-Dichloroethane I 5 1 0 20 40

Benzene I 5 10 20 40

Trichloroethene 1 5 10 20 40

1,2-Dichloropropane I5 10 20 40

1,4-Dioxane 50 250 500 1000 2000

Dibromomnethane 1 5 1 0 20 40
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Table 2A

STL Primary Standard Calibration Levels, Low Level'

CalibratiLvlu/
Compound Level I Lvl2 Level 3 Level 4 Level 5

Broinodiclloiwinethane 10 20 40
2-Chiorocthyl vinyl ether 2 1020 40 80
cis- 1 ,3-Dichlotropropcne 510 20 40
4-Methyl-2-pentarnone 2 1020 40 80
TokLiene 1 10 20 40
trans-I,3-Dichloropropenc 1 5 10 20 40
Ethyl Methacrylate 1 5 10 20 40
l1 1,2-Tr-ichloroethane I 5 1 0 20 40
0,-Dichloropropane I 5 JO0 20 40
Tetrachloroethene I 5 1 0 20 40
2-1 lexanone 2 1 0 20 40 80
Dibromnochloroniediane I 5 1 0 20 40
I1,2-Dibhronioctliane I 5 10 20 40
Chilorobenzenc 1 5 10 20 40
1, 1, 1 2-Tetracliloroethane 1 5 10 20 40
Ethylbenzene 1 5 10 20 40
ill + p-XylecII 2 10 120 40 80
Xylene-o I 5 0o 20 40
Styrene I 5 10 20 40
Broiomtbrin I 5 10 20 40
Isopropylbenzene I 5 10 20 40
1, 1 2.2-Tetiachloroethane I 5 I10 20 40
1,4-Dichloro-2-bLIlCIC 1 5 10 20 40
1.2,3-Trichloropropanc I 5 10 20 40
Bironobcnzenc I 5 10 20 40
ii-Propylbenzene I 5 10 20 40
2-Chlorotoltienc I 5 10 20 40
I1,3,5-TrnmeIhylbcn'zcne I 5 10 20 40
4-Chlorotoluene 1 5 10 20 40
tert-Butylbenzene 1 5 10 20 40
1,2,4-Trimnethylbernzeric 1 5 10 20 40
.sec-BLulylbcnzene I 5 10 20 40
4 -lsopropylroluene I 5 10 20 40
1,3-Diehlorobenzcne I 5 10 20 40
1,4-DIichlorobcnzcne I 5 10 20 40
n-Butylbenzcne I 5 10 20 40
1,2-Dichlorobenzcne 1 5 10 2 0 40
1,2 -1)ibromo-3 -c hlIoropropa ne I 5 1 0 20 40
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Table 2A

STL Primary Standard Calibration Levels, Low Level'

Calibration Level ug/L ______ ______ ________

Compound Level I Level 2 Level 3 Level 4 Level 5

1,2,4-Trichlorobenzene I 5 10 20 40

Hexachlorobutadiene I 5 10 20 40

Naphthalene I 5 tO0 20 40

l,2,3-Trichlorobenzcne 1 5 10 20 40

Cyclohexane 1 5 10 20 40

Methyl Acetate 2 10 20 40 __80

Methylcyclohexane I 5___ 10_____ 20___________ 40

I1,3,5-Tnichlorobenizene I 40

25 mL purge samples analyzed at 5 mL purge on more sensitive equipment.
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Table 3

STL Appendix IX Standard and Reporting Limits, 5 mL purge

CAS Reporting Limits

Compound Number S ml, Water 25mL2 Low Soil Medium Soil

Allyl Chloride 107-05-1 10 2 10 500
Acetonitrile 75-05-8 100 20 100 5000
Dichluoiolu-oronethanec 10 2 10 500
Isopropyl ether 108-20-3 10 2 10 500
Chloroprene 126-99-8 5 1 2 5 250
ni-Butanol 71-36-3 200 50 200 10,000
Propionitrile 107-12-0 20 4 20 1000
MethacrylouiitrilIc 126-98-7 5 2 5 250
Isolbutaniol 78-83-I 200 50 200 10,000
Melthyl Inethacrylate 80-62-6 5 2 5 250
Ij 1 t,2-Tetiachloioethaluc 630-20-6 5 I 5 250
I,2-D~ibmmiio-3-cilor-opropanie 96-12-8 10 2 10 500
EthIyl ether 60-29-7 10 2 10 500
Ethyl Acetate 141-78-6 20 4 20 1,000

2-Nitropropane ~~~79-46-9 10 4 10 500
Cyclohlexanonc 108-94-1 N/A' N/A' N/A' N/A'
Isopropylbenzene 98-82-8 5 1 5 250
2-Meihylkiaphilvadenc 91-57-6 NA 5 NA 330

(Iihigati only)

Cyclohexanone decomposes to Ij1-dimethoxycyclohexane in methanolie solution. Reporting limits cannot be accurately

Optionatlly,5Sin iL purge voIl iimif adequa,,tesensitivity's obtained.
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Table 4

Recommended/STL Appendix IX Standard Calibration Levels, pg/L

Compound Level I Level 2 Level 3 Level 4 Level 5

Allyl Chloride 5 20 ________ 200

Acetonitrile 50 200 500____ 1_______ 2,000

Dichlorofluoromethane 5 20 5 00 200

Isopropyl ether 5 20 _______ 200

Chloroprene 5 20 5010200

n-Butanol 100 400 1,000 2,000 4,000

Propionitrile 10 40 100 200 400

Methacrylonitrile 5 20 50 100 200

Isobutanol t00 400 1,000 2,000 4,000

Methyl methacrylate 5 20 50 100 200

1, 1,1,2-Tetrachloroethane 5 20 50 100 200

1,2-Dibroimo-3-chloropropane 10 40 100 200 400

Ethyl ether 5 20 50 100 200

Ethyl Acetate 10 40 t00 200 400

2-Nitropropanc t0 40 100 200 400

Cyclohexanone 50 200 500 1,000 2,000

>j2Methylnaphthalene (Michigan 2 10 20 40 80

only) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

11/22/02



Determination of Volatile analytes by CC/MS SOP No. CORP-MS-0O02NC
Analysis of Volatile Organics Revision No, 2.3
Based on Method 8260B, 8260A, and 624 Revision Date: 05/23/01

Page 56 of 67

Table 5

Reportable Analytes for STL Standard Tests, Primary Standard

CAS ~ STL TCLP TCL Appendix LJTS
Compound Nubr Standard DC

__________________________ ~~List
Dich lorod i iLioroniethane 7718X X
Ch loroniethane7c8- X X X X

Acetone 67-~~641 X X X X
Tr ich lorotrifliUoroclhanc 61- X
Et hanol (A- 1 7-5
lodoincthane 74-88-4 X X
Carbon diSuLIfidC 75-15-0 X X X X
Mcthylenc chloride - 75-09-2 X X X X
tert-BUtly alIcohol 75-65-0
1,1-Dichlorocihienc 7--5-354 X X X X X
LIl-Dichloiocihanic 75-34-3 X X X X
Itia ns-I1,2 - i c hlIoroe ihcc 1 F5 6- 60 -5 X X X X
Total dichiorocihiene X X X X
Acrylonitrilic 107-13-1 X X
Mcihyl tcru-butyl ether 1634-044
(MTBE)I

FleIxane 110-54-3
cis-l1,2-Dichloroctlhcne 150-59-2 XX
Tetrahydrofuran 109-99-9
Chloroform 6-63X X X X X
1,2-Dichloroefliane 10-62X X X X X
lDgbronioniethane 74-95-3 X X
2-Butanone 78-93-3 X X X X X
I4-Dioxane 123-91-1 X X
I, ,I -Trichlorocihanc 71-55-6 X X X X
Car bon ictrachloride 56-23-5 X X X X X
IBrornodichlo onciehane 75-27-4 X X X X
1,2-Dichloropropanc 78-87-5 X X X X
cis-l 13-Dichlor opr openc 10061-01-5 X X X X

fTricb01oroet'hene f 790- J- XX 1 X XX
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Table S

Reportable Analytes for STL Standard Tests, Primary Standard

CAS STL TCLP TL Apnix UITS

Compound Nubr Standard I

List

Dibromochloromethane 1481X X X X

I1,2-Dibromoethane 10-34X X

I1,2,3-Triehloropropane 9614X X

1, 1,2-Trichloroethane 90- X X X X

Benzene 7132X X X X X

Ethylmethacrylate 97-63-2 _X X

trans-l,3-Dichloropropene 10061_02_6 X X X X

Bromoform 7252X X X X

4-Methyl-2-pentanone _________ X X X X

2-Hexanone 59[-78-6 X X X

Tetrachloroethene 127-18-4 X X X X X

Toluene ~~~108-88-3 X X X X

1,1,2,2-Tetrachloroethane 79-34-5 X X X X

2-Chloroethyl vinyl ether 110-75-8

Vinyl acetate 108-05-4 X

Chlorobcnzene 108-90-7 X X X X X

Ethylbenzene 10041-4 X X X X

Styrene 100-42-5 X X X ____

I 1,4-Diehloro-2-butcne 110-57-6 ____ X _____

mnand pXylcnes _ ___ X X X X

o-xylene 95-47-6 X X X X

Total xylenes 1330-20-7 X X X X

I1,3-Dichlorobenzene 54 1-73-1 _____

I1,4-Dichlorobenzene 106-46-7

I1,2-Dichlorobenzene 95-50-1 _________________
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Table 6

Reportable Analytes for STL Standard Tests, Appendix IX standard

Compound Number STL TCLP TCL Appendix UTS
Standard IX

________________________ ~~List
Allyl Chloride 107-05-1 X
AcetonittiHe 75-05-8 X X
Dichlorotluoroiinethanc 75-43-4
Isopropyl ether 108-20-3
Chloroprene 126-99-8 X
n-B~Utanol 71-36-3
Propionitrile 107-12-0 ______ X
Methacrylonitrile 126-98-7 ______ X X
I sobUtanol1 78-83-1 ______ X X
Methyl mcthiacrylate 80-62-6 ______ X X
1, 1, 1 2-Tetrachloroethane 630-20-6 X X
1,2- Dib bon-o-3-chloropropanc 96-12-8 X X
Ethyl etherl 60-29-7 _____X

Ethyl Acetate 141-78-6 _______ ____X

2-Nitropa opanc 79A46-9

Cyclohlexanone 108-94-1 ___________ X
Isopropylbenzene9828
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Table 7

Internal Standards

Standard Concentration Quantitation ion Quantitation ion

gig/mL (5 mL purge) (25 mL, purge)

Fluorobenzene 50 96 96

Chlorobenzene-d5 50 117 119

1,4-Dichlorobenzene-d4 50 152 152

Notes:

1) 5 piL of the internal standard is added to the sample. This results in a concentration of each internal in the sample of

5OjAg/L for aS5 mL purge or I0 Iig/L for a 25 mL purge

2) Except for medium level soils, the surrogate and internal standards may be combined in one solution.

Table 8

Surrogate Standards

Surrogate Compounds Standard
Concentration ltg/mL

I1,2-Dichloroethane-d 4 50

Dibromofluoromethane 50

Toluene-d8 50

L4-Broinoflulorobcnzene 50

Notes:

1) 5 kL of the surrogate standard is added to the sample. This results in a concentration of each surrogate in the sample
of 50pagIL for a 5 mL purge or I10 Itg/L for a 25 mL purge

2) Except for medium level soils, the surrogate and internal standards may be combined in one solution

3) Recovery limits for surrogates are generated from historical data and are maintained by the QA department
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Table 9

Matrix Spike /LICS Control Compounds

Compound Standard Concentration Itg /mL

1, I -Dichloroethene 50

Trichloroethenc 50

Toluene 50

Benzene 50

Chlorohenzene 50

n-Hexane (Ohio yAP only) 50

Notes:

I ) 5i[LI, of the standard is added to the LCS or matrix spiked sample. This results in a concentration of each spike analyte
III the samIple of'50lg/L tbra a mL purge or I10 pg/L for a 25 mL- purge.

2) Recovery aind precision Ii mits for LCS and M S/M SD are generated from historical data and ate imai nta ined by the QA
(IC dar tlen t.

3) FEu! aim lyiespikes may a Iso be used at the laboratories opt on or at client request.

Table 10

BFB Key Ion Abundance Criteria

Mass Ion Abundance Criteria

50 15% to 40% of Miss 95

75 30% to 60% of Mass 95

95 Base Peak, I100% Relative Abundance

96 5% to 9% of Mass 95

173 Less Than 2% of Mass 174

174 Greater Than 50% of Mass 95

175 5% to 9% of Mass 174

176 Greater Than 95%, But Less Than I 0 PY of Mas's 174

177 5% to 9%, of Mass 176
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Table 11

SPCC Compounds and Minimum Response Factors

Compound 8260B,
8260A

Min. RF

Chlmoromethane 0.100

1,1 -Dichloroethane 0.100

Bromoform >0.1I00

, ,l,2,2-Tetrachloro eth anc 0.300

Chlorobenzene 0.300

Table 12

CCC compounds

Compoun Ma.%RSD from Initial CalIrtion Max. %D for continuing
calibration

Vinyl Chloride <30.0 ~<20.0

],1 -Dichloroethene <30.0 <20.0

Chloroform <30 0 <20.0

I1,2-Dichloropropanc <30 0 <20.0

Toluene <300 <20 0

Ethylbenzn <30.0 <20.0

n-Hexanc (Ohio VAP only) <30.0 <20 0

Table 13

Characteristic ions

Compound Primay Secondary Trir

I1,2-Dichloroethane-d4 (S u rrog a te ) 65 102

Dichlorodifluoroinethane 85 87 50 10 , 3

Chloromethane 50 52 4

Vinyl chloride 62 64 6

B rom om ethane 94 96 79

Chloroethane ~~ ~ ~~ ~ ~~~~64 66 49

Trichlorofluoromethane 101 103 66

1 1/22 /0 2
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Table 13

Characteristic ions

Compound Prnnary* Secondary Tertiary

1,I-Diehloroethene 96 61 98
Aerolci n 56 55 58
lodomethane 142 127 141

Carbon disuiffide 76 78
Trich lorolri fIl norohane 151 101 1 53
Ethanol 45 46
Acetone 43 58

-Methylene chloride 84 49 51, 86
ter-B i- tylI alIcohol1 59 74
trans- 1.2-Dichloroethene 96 61 98
Acrylonitrile 53 52 5 1

-Methyl /eat b[iiyl ether 73
1I-Ixane 57 43
1, I -Dichlni1oeihanc 63 65 83

-cis- I1,2-Dichloroethenc 96 6 1 98
2-Butanone 43 72**
Tetirahydi of'tiran 42 7 1
Chlowloromu 83 85 47
I1,2-Dichlorocthanc 62 6498
Dibroninomeh aline 93 1495, 172, 176
I1 4-Dioxane 88 5

-Vinyl acetaic 43 86
1, 1, I -Tr ich loroethane 97 99 117
Car bon tetrachloi ide 117 119 121
B~enzene 78 52 77
Tr ich Ioroethene 130 95 97. 132
I1.2-Dichloropropane 63 65 41
lBromodi'chiclorofiritane 83 85 129
2-Chioroethyl vinyl ether 63 65 106

-cis-1, 3-Dichloropropene 75 77 39
traniis- 1,3- Dich loropriop~ene 75 77 39
-1.12-Trich loroethiane 97 83 85, 99
C hlorodi b rononiet ian e 129 127 131
Bi111oino brm1 173 171 175, 252

1, r -ichlor opr opane 75 110 77, :102,9
To Iuene-d, (Su~rrogate) 98 7010
4-IBromot'luorobenzenc (Surrogate) 95 174 176
Toluene 91 92 6
4-Mci hyl -2-pentan one 43 58 57, 100
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Table 13

Characteristic ions

Compound Primary* Secondary Tertiary

Tetrachloroethene 164 166 131

Ethyl methacrylate 69 41 99, 86, 114

2-H-exanone 43 58 57,100

Chlorobenzene 112 114 77

Ethylbenzene 106 9 _______

Xylenes 106 91

Styrene 104 103 78,51,77

Dichlorobenzene (all isomers) 146 148 I

trans 1,4-Dichloro-2-butcne 53 75 89, 77, 124

1,1 ,2,2-Tetrachloroethane 83 85 131,133

Allyl Chloride 76 41 78

Acetonitrile 40 41 ________

Dichlorofluoromethane 67 69

Isopropyl ether 87 59 45

Chloroprene 53 88 90

n-Butanol 56 41 42

Propionitrile 54 52 55

Methacrylonitrile 41 67 52

Isobtitanol 41 43 74

Methyl methacrylate 41 69 100

1, 1, 1,2-Tetrachloroethane 131 133 119

1,2-Dirbromo-3-chloropropane 157 155 75

Ethyl ether 59 74

Ethyl Acetate 43 88 61

2-Nitropropane 41 43 46

Cyclohexanone 55 42 98

IsopropylbenzenelO12

*The primary ion should be used for quantitation unless interferences arc present, in which case a secondary ion may be used.

**m/z 43 may be used for quantitation of 2-Butanone, but m/z 72 must be present for positive identification.
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REQUIREMENTS FOR EPA 624

1. 1. Method 624 is required for demonstration of compliance with NPDES wastewater discharge
permits. This method can be applied only to aqueous matrices. The standard analyte list and
reporting limits are listed in Table B-I.

I1.2. The tune period for this method is defined as 24 hours.

1.3. The initial calibration Curve for this method requires at least three points.

I1.4. Sample concentrations are calculated using the average RRLF from the initial calibration curve.

1.5. Each target analyte is assigned to the closest eluting internal standard.

I1.6. Initial demonstration of Proficiency

I1.6. I. The spiking level for the four replicate initial demonstration of proficiency is 20 [4g/L. The
acceptance criteria are listed in Table 8-2

1.7. Initial calibration curve requirements:

1.7. 1. Target compounids must have RSD • 35%.

1.7.2. If this requirement can not be met, a regression curve must be constructed fior the non-
compliant compounds. There is no correlation coefficient requirement for the regression
Curve.

1.8. Continuing calibration verification requirements:

1.8.1. The conitinulinlgcalibration standard is from a different source thiantheinitiial calibrationi
standard. The acceptance criteria are listed in Table 8-2.

1.9. Matrix Spike and [CS requirements

I1.9. 1. The matrix spike and LCS are spiked at 20 pg/L. A matrix spike duplicate is not necessary
for this method. The recovery limits for matrix spike and L-CS recovery are listed in Table
C-2.

1. 10. Method clarifications, nrodifications and additions
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1.10.1. Section 5.2.2 of the source method describes the trap packing materials as Tenax GC,

Methyl silicone, silica gel and coconut charcoal. STL routinely employs the Supelco

VOCARB 3000, which consists of Carbopack B and Carboxen 1000 and 1001.

1.10.2. Section 5.3.2 of the source method describes a packed analytical column. STL routinely

employs capillary columns when performing this method.

1.10.3. The source method provides a suggested list of compounds for internal and surrogate

standards. STh uses the following two compounds which are not on the table:

Chlorobenzene-d 5 (internal standard) and I1,2-Difluorobenzene-cdk (surrogate).
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Table A-I.

Method 624 Analytes and Reporting Limits

Analytes t/
Bcnzcnc 5
Brornodichloroinethane 5
Bromnoform 5
Brorrnornetharne 5
Carbon tetrachloride 5
Chlorobctizenc 5
Chloroetharie 5
2-Chiloroethyl vinyl ether 5
Clilorolbonn 5
Chloronmethane 5
Dibromochloroinethane 5
1 ,2-Dichlorobenzenc 5
I1,3-Dichlorobenzene 5
I1,4-Dichiorobenzene 5
1,1I -Dichloroethane 5
1,.2-Dichlorocthanc 5
1, I -Dichloroethene 5
trains- I1,2-Dichloroetlhcne 5
I1,2-Dichloropropane 5
cis-l ,3-Dichloropropcnc 5
trans-I ,3-Dichloropropenc 5
Ethylbenzcne 5
Methylene chloride 5
1, 1,2,2-Tctrachlorocthanc 5
Tctmach loroethente 5
Tolucine 5
1,1, I -Trichloroethane 5
1, 1,2-Trichloroethane 5
Trichloroethene 5
Trichlorofluorornethane5
Vinyl chloride 5
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Table A-2.

Method 624 QC Acceptance Criteria

Analytes Daily QC check Mean recovery, 4 Standard deviation, Matnix spike and LCS

acceptance replicate initial 4 replicate initial acceptance criteria

criteria (20pg/L demonstration demonstration

spike) acceptance criteria acceptance criteria (% recovery)

_____ ____ _____ ____ ___ _____ ____ ____ (20~i /L s ike)(20Eag/L spike)

Benzene 12.8-27.2 15.2-26.0 6.9 37-151

Bromodichloromethane 13.1-26.9 10.1-28.0 6.4 35-155

Bromoform 14.2-25.8 1 11A-31.1 5.4 45-169

Bromomethane 2.8-37.2 D-41 2 1-7.9 D-242

Carbon tetrachloride 14.6-25 4 1.2355.2 70-140

Chlorobenzene 13.2-26 8 16.4-27.4 6.3 37-160

Chloroethane 7.6-32.4 8.440.4 11.4 14-230

2-Chlorocthyl vinyl ether D-44.8 D-50 4 25.9 D-305

Chloroform 13.5-26.5 13.7-24.2 6.1 51-138

Chloromethane D-40.8 D-45.9 19.8 D-273

Dibroinochloromethane 13 5-26.5 13.8-26.6 6.1 53-149

1,2-Dichlorobenzene 12.6-27.4 11.8-34 7 7.1 18-190

I1,3-Dichlorobenzene 14.6-25.4 17 0-28.8 5.5 59-156

I1,4-Dichlorobenzene 12.6-27 4 11 8-34.7 7 1 18-190

1,1-Dichloroethane 14 5-25.5 14.2-28.5 5.1 59-155

I1,2-Dichloroethane 13.6-26.4 14.3-27.4 6.0 49-155

l, I-Dichlorocthene 10. 1-29.9 3-7-42.3 9.1 D-234

trans- 1,2-Dich loroethene 13,9-26 I 13.6-28.5 5 7 544156

1,2-Dichloropropane 6.8-33.2 3.8-36.2 13.8 D-210

cis- I1,3-Dichioropropene 48-35.-2 1.0-39.0 15.8 D-227

trans-I1,3-Dichloropropene 10.0-30.0 7 6-32.4 10 4 17-183

Ethylbenzene 11~~~I .8-28.2 17.4-26.7 7.5 37-162

Methylene chloride 12.1-27.9 D-41 0 7A4 D-221

1,1 ,2,2-Tetrachloroethanc 12.1-27.9 13.5-27.2 7.4 46-157

Tetrachloroethene 14.7-25.3 1F7.0-26.6 5064-148

Toluene 14,9-25 1 16.6-26 7 4.8 47-150

l, ,I,-Trichloroethane 15.0-25.0 173014.6 52-162

I,1 ,2-Trichloroethane 14.2-25.8 14 3-27.1 5.5 52-150

Tri~chloroehee13.3-26.7 18.6-27.6 6.6 71-157

Trichlorofluoromethane 9.6-30.4 8.9-31 5 --. 17-181

Vinyl chloride 0.8-39 2 D43.5 20.0 D-251

1 1122102
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1. SCOPE AND APPLICATION

1.1 This method is based upon SW846 8270C, and is applicable to the determination of the

concentration of semtivolatile organic compounds in extracts prepared from solid and

aqueous matrices. Direct injection of a sample may be used in limited applications. Refer to

Tables 1, 2, 3 and 4 for the list of compounds applicable for this method. Note that the
compounds are listed in approximate retention time order. Additional compounds may be

amenable to this method. If non-standard anialytes are required, they must be validated by

the procedures described in section 13 before sample analysis.

1 .2 The following compounds may require special treatment when being determined by this

method:

* Benzidine can be subject to oxidative losses during solvent concentration and exhibits

poor chromatography. Neutral extraction should be performed if this compound is

expected.

* Hexachiorocyclopentadiene is subject to thenrlal decomposition in the inlet of the gas

chromatograph, chemical reaction in acetone solution, and photoehemical
decomposition.

* N-Nitrosodiphenylamine decomposes in the gas chromatographic inlet and cannot be

distinguished from diphenrylarnine.

* Pcntachlorophenol, 2,4-dinitrophenol, 4-nitrophenol, 4,6-dinitro-2-methylphenol, 4-
chloro-3-methylphenol, bcnzoie acid, 2-nitroaniline, 3-nitroaniline, 4-chloroaniline, and

benzyl alcohol are subject to erratic chromatographic behavior, especially if the GC

system is contaminated with high boiling material.

* Hexachlorophene is not amenable to analysis by this method.

* 3-Methylphenol cannot be separated from 4-methylphenol by the conditions specified in

this method.

1.3 The standard reporting limit of this method for detennining an individual compound is

approximately 0.33 mg/kg (wet weight) fbr soil/sediment samples, I - 200 mg/kg for wastes

(dependent on matrix and method of preparation), and I10 gg/L for groundwater samples.

Some compounds have higher reporting limits. Refer to Tables I and 2 for specific SRLs.

Reporting limits xvill be proportionately higher for sample extracts that require dilution.

1.4 The associated LIMS code is QL (8270C).

2 SUMMARY OF METHOD

2.1 Aqueous samples are extracted with methylene chloride using a separatory funnel, and/or a
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continuous extractor. Solid Samples are extracted with methylene chloride / acetone using
sonication, soxhiet, accelerated soxhlet or pressurized fluid extraction. The extract is dried,
concentrated to a final volume of 2 mL for waters and soils, and analyzed by CC/MS.
Extraction procedures are detailed in SOP# COPP-OP-000OINC. Qualitative identification
of the parameters in the extract is performed using the retention time and the relative
abundance of characteristic ions. Quantitative analysis is performed using the internal
standard technique with a single characteristic ion.

3 DEFINITIONS

3.1 CCC (Calibration Check Compounds) - A subset of target compounds used to evaluate
the calibration stability of the CC/MS system. A maximum percent deviation of the CCC's
is specified for calibration acceptance.

3.2 SPCC (System Perfonnance Check Compounds) - Target compounds designated to
monitor chromatographic performance, sensitivity, and compound instability or degradation
on active sites. Minimum response fhctors are specified for acceptable performance.

3.3 Batch - The batch is a set of up to 20 samples of the same matrix processed using the samei
procedures and reagents within the same time period. The Quality Control batch must
contain a matrix spike / spike duplicate (MS/MSD), a Laboratory Control Sample (LCS),
,and a method blank. Batches are defined at the sample preparation stage. Batches should
be kept together through the whole analytical process to the extent possible, but it is not
mandatory to analyze prepared extracts onl the same instnument or in the same sequence.
Refbcr to the STL North Canton QC Program document (QA-003) for fuirther details of the
batch delinition.

3.4 Method Blank - An analytical control consisting of all reagents, internal standards and
surrogate standards, that is carried through the entire analytical procedure. Thle method
blank is used to define the level of laboratory background and reagent contamination.

3.5 LCS (Laboratory Control Sample) - A blank spiked with the parameters of interest that is
calried through the entire analytical procedure. Analysis of this sample with acceptable
recoveries of the spiked materials demonstrates that the laboratory techniques for this
mlethod are acceptable.

3.6 MS (Matrix Spike)- aliquot of a matrix (water or soil) fortified (spiked) with known
quantities of specific compounds and subjected to the entire analytical procedure in order to
indicate the appropriateness of the method for thre matrix by measuring recovery.

3.7 MSD (Matrix Spike Duplicate)- a second aliquot of the same sample as the matrix spike
(above) that is spiked in order to determine the precision of the method.
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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

ruining laboratory method blanks as described in the Quality Control section. Raw

GC/MS data from all blanks, samples, and spikes must be evaluated for interferences. If an

interference is detected it is necessary to determine if the source of interference is in the

preparation and/or cleanup of the samples; then take corrective action to eliminate the

problem.

4.2 The use of high purity reagents, solvents, and gases helps to minimize interference problems.

4.3 Matrix interferences may be caused by contaminants that are coextracted from the sample.

The extent of matrix interferences will vary considerably from source to source, depending

upon the nature of the sample.

4.4 Contamination by carryover can occur whenever high-level and low-level samples are

sequentially analyzed. To reduce carryover, the sample syringe must be rinsed with solvent

between samples. Whenever an unusually concentrated sample is encountered, it should be

followed by the analysis of solvent to check for cross contamination.

4.5 Phthalate contamination is commonly observed in this analysis and its occurrence should be

carefuilly evaluated as an indicator of a contamination problem in the sample preparation
step of the analysis.

5 SAFETY PRECAUTIONS

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

that have become contaminated will be removed and discarded; other gloves will be

cleaned immediately.

5.3 Chemicals that have been classified as carcinogens, or potential carcinogens, under OSHA

include: Benzo(a)anthracene, benzidine, 3,3'-dichlorobenzidine, benzo(a)pyrene,

dibenzo(a,h)anthracene, and n-nitrosodimethylamine. Primary standards should be

purchased in solution. If neat materials must be obtained, they shall be handled in a hood.
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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 N4SDS. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Material (I) Hazards Exposure Signs and symptoms of exposure
__________________ L im it (2) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Methiylene Chloride Carcinogen 25 ppmn- Causes irritation to respiratory tract. H-as a strong narcotic effect
TWA with symptoms of mental confusion, light-headedness, fatigue,

Irritant nausea, vomiting and headache, Causes irritation, redness and
125 ppmr- pain to the skin and eyes. Prolonged contact can cause burns.

___________________ STIEL Liquid degreases the skin. May be absorbed through skin

Sulinric Acid Coirosive I Mg/M3- Inhalation produces damaging effects on the mucous membranes
TWA and uipper respiratory tract. SymTp1toms may Include irritation of

Oxidizer thre nose and throat, and labored breathing. Symptoms of redness,
pain, and severe bUrn can Occur, Contact can cause blurred

Dehlydrator. vision, redness, pain and severe tissue burns Can cause
blindness

Poison

C arci nogeni

I- Al ways add acid to Watcr to reventVCII violent reactions,

2 - EXp)osHcIC limi Iiefers to th OSI I51A regUlatory exposurec lImit.
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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 faime hood, or under other means of mechanical ventilation. Solvent and

waste containers should be kept closed unless transfers are being made.

5.6 The preparation of standards and reagents will be conducted in a fumne hood with the sash

closed as far as the operation will permit.

5.7 It is recommended that neat standards be purchased only as a last resort. The preparation

of standards from neat materials and reagents { as well as glassware cleaning procedures

that involved solvents such as methylene chloride} should be conducted in a flume hood with

the sash closed as far as the operations will permit.

5.8 Standards in solution may be diluted in the open laboratory when syringes and the like are

utilized.

5.9 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 Gas Chromatograph/Mass Spectrometer System: An analytical system complete with a

temperature-programnmable gas chromatograph suitable for split/splitless injection and all

required accessories, including syringes, analytical columns, and gases. The capillary
column should be directly coupled to the source.

6.2 Column: 2Cm x 0.18mm ID, 0.18ipm film thickness silicon-coated fused-silica capillary

column (J & W Scientific DB3-5.625 or equivalent). Alternate columns are acceptable if

they provide acceptable performance.

6.3 Mass Spectrometer: Capable of scanning from 35 to 500 AMU every one second or less,

using 70 volts (nominal) electron energy in the electron impact ionization mode. The mass

spectrometer must be capable of producing a mass spectrum for decafluorotriphenyl-
phosphine (DFTPP) which meets all of the criteria in Table 6 when the GC/MS tuning

standard is injected through the GC.

6.4 GCCMS Interface: Any CC-to-MS interface that gives acceptable calibration points and

achieves acceptable tuning performance criteria may be used.

6.5 Data System: A computer system must be interfaced to the mass spectrometer. The
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system must allow the continuous acquisition and storage on machine-readable media of all
mass spectra obtained throughout the duration of the chromatographic program. The
computer must have software that can search any GC/MS data file for ions of a specific
mass and that can plot such ion abundances versus time or scan number. This type of plot
is defined as the Extracted Ion Current Profile (EICP). Software must also be available that
allows integrating the abundances in any EICP between specified time or scan-number
limits. The most recent version of the EPA/NIH Mass Spectral Library is recommended.

6.6 Syringe: 5 pL Hamilton Laboratory grade syringes or equivalent.

6.7 Carrier gas: Ultra high purity helium.

7 REAGENTS AND STANDARDS

7.1 A minimum five point calibration Curve is prepared. If a quadratic regression is used, six
points must be analyzed for the calibration curve. The low point should be at or below the
reporting limit. Refer to Tables 12 and 13 for typical calibration levels for all analytes.
Other calibration levels may be used, depending on instrument capability, but the low
standard must Support the reporting limit and the high standard defines the range of the
calibration.

7.2 Ani Internal Standard solution is prepared by diluting a purchased standard. Compounds in
the I.S. Mix are: acenaphthecne-d 10, chrysene-dI12, I1,4-dichlorobenzene-d4, naphthalene-
d8, perylcene-d 12, and phenanthrene-d 10.

7.3 Surrogate Standard Spiking Solution: Prepare as indicated in the preparative methods. See
appropriate preparation SOP. Surrogate compounids and levels are listed in Table I 1

7.4 GC/MS Tuning Standard: A methylene chloride solution containing
decafl~lorotriplhenylpliosphinie (DFTPP) is prepared. Pentachlorophenol, benzidine, and
DDT, should also be included in the Tuning Standard. All components are at 25 ug/rnL.

7.5 The standards listed in 7.1 to 7.4 should be refrigerated at < 6"C when not in use.
Refrigeration at -lot to -20'T may be used if it can be demonstrated that analytes do not
fall Out Of Solution at this temyperature. The standards must be replaced at least once a year.

8 SAMPLE PRESERVATION AND STORAGE

8.1 Sample extracts are stored at 4 + 2"C. Samples and extracts should be stored inl suitable
glass containers with Teflon lined caps. (Extracts will normally be stored for 30 days after
invoicing.)

8.3 Water saniples are extracted within seven days of'sampling and the extracts are analyzed
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within forty days of extraction. Solids, sludges, and organic liquids are extracted within

fourteen days of sampling and the extracts are analyzed within forty days of extraction.

9 QUALITY CONTROL

9.1 Initial Demonstration of Capability

9. 1 .1 For the standard analyte list, the initial demonstration and method detection limit (MDL)
studies described in section 13 must be acceptable before analysis of samples may

begin.

9.1.2 For non-standard analytes an MDL study should be performed and calibration curve

generated before analyzing any samples, unless lesser requirements are previously

agreed to with the client. In any event, the minimumn initial demonstration required is

analysis of an extracted standard at the reporting limit and a single point calibration.

9.2 Control Limits

In-house historical control limits must be determined for surrogates, matrix spikes, and

laboratory control samples (LCS). These limits must be determined at least annually. The

recovery limits are mean recovery +/- 3 standard deviations for surrogates, MS and LCS.

Precision limits for matrix spikes / matrix spike duplicates are mean relative percent

difference +/- 3 standard deviations.

9.2. 1 These limits do not apply to dilutions (except for tests without a separate extraction),

but surrogate and matrix spike recoveries will be reported.

9.2.2 All surrogate, LCS, and MS recoveries (except for dilutions) must be entered into

QuantiMS (when available) or other database so that accurate historical control limits

can be generated. For tests without a separate extraction, surrogates and matrix spikes

will be reported for all dilutions.

9.2.3 Refer to the QC program document (QA-003) for further details of control limits.

9.3 Method Blank

A method blank is prepared and analyzed with each batch of samples. The method blank

consists of reagent water for aqueous samples, and sodium sulfate for soil samples (Refer to

SOP No. CORP-OP-0001INC for details). Surrogates are added and the method blank is

carried through the entire analytical procedure. The method blank must not contain any

analyte of interest at or above the reporting limit (except common laboratory contaminants,

see below) or at or above 5% of the measured concentration of that analyte in the

associated samples, whichever is higher.
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* If the analyte is a common laboratory contaminant (phthalate esters), the data may be
reported with qualifiers if the concentration of the analyte is less than five times the RL.
Such action must be taken in consultation with the client.

* Reanalysis of any samples with reportable concentrations of analytes found in the
method blank is required unless other actions are agreed with the client.

* If there is no target analyte greater than the RL in the samples associated with an
unacceptable method blank, the data may be reported with qualifiers. Such action
Should be taken in consultation with the client.

9.3.1 The method blank must have acceptable surrogate recoveries. If surrogate recoveries
are not acceptable, the data must be evaluated to determine if the method blank has
served the purpose of demonstrating that the analysis is free of contamination. If
surrogate recoveries are low and there are reportable analytes in the associated
samples, re-extraction of the blank and affected samples will normally be required.
Consultation with the client should take place.

9.3.2 Ifreanalysis of the batch is not possible due to limited sample volume or other
constraints, the method blank is reported, all associated samples are flagged with a 'B',
andfe appropriate comments may be made in a narrative to provide further
documnentation.

9.3.3 Relbr to thle STL North Canton QC Program document (QA-003) for further details of'
thle corrective alctions.

9.4 I nstniment Blank

9.4.1 Instnimcnts must be evaluated for contamination during each 12 hour analytical run.
This may be accomplished by analysis of a method blank. If a method blank is not
available, an instrument blank must be analyzed. An instrument blank consists of
methylene chloride with the internal standards added. It is evaluated in the same way as
the method blank.

9.5 Laboratory Control Sample (LCS)

9.5.1 A laboratory control sample (LCS) is prepared and analyzed with every batch of
samples. All control analytes must be within established control limits. The LCS is
spiked With thle com1pounds listed in Tables 9 and 10 unless specified by a client or
agency.

9.5.2 I fany control analyte in thle LCS is Outside the laboratory established historical control
limits, corrective action must Occur. Corrective action may include re-extraction and



8771324

CC/MS ANALYSIS BASED ON METHOD 8270C SOP No: CORP-MS-OOOI NC
Revision No. 2.10

Revision Date: 02/24/04
Page 12 of 50

reanalysis of the batch.

* If the batch is not re-extracted and reanalyzed, the reasons for accepting the batch

must be clearly presented in the project records and the report. (An example of

acceptable reasons for not reanalyzing might be that the matrix spike and matrix

spike duplicate are acceptable, and sample surrogate recovenies are good,

demonstrating that the problcm was confined to die LCS).

* If re-extraction and reanalysis of the batch is not possible due to limited sample

volume or other constraints, the LCS is reported, all associated samples are

flagged, and appropriate conmrents are made in a narrative to provide further

documentation.

9.5.3 Ongoing monitoring of the LCS provides evidence that the laboratory is performing the

method within accepted QC guidelines for accuracy and precision.

9.5.4 Additionally, if an all-analyte check sample is used, all non-controlling compounds must

attain a recovery of 5% or greater if the compound is on the client's list.

9.6 Matrix Spike/Matrix Spike Duplicate (MS/MSD)

A matrix spike/matrix spike duplicate (MS/MSD) is prepared and analyzed with every

batch of samples. The MS/MSD is spiked with the same subset of analytes as the LCS

(See Tables 9 and 10). Compare the percent recovery and relative percent difference

(RPD) to that in the laboratory specific historically generated limits.

* If any individual recovery or RPD falls outside the acceptable range, corrective action

must occur. The initial corrective action will be to check the recovery of that analyte in

the Laboratory Control Sample (ECS). Generally, if the recovery of the analyte in the

LCS is within limits, then the laboratory operation is in control and analysis may

proceed. The reasons for accepting the batch must be documented.

* If the recovery for any component is outside QC limits for both the Matrix spike / spike

duplicate and the LCS, the laboratory is out of control and corrective action must be

taken. Corrective action will normally include repreparation and reanalysis of the batch.

* If a MSIMSD is not possible due to limited sample, then a LCS duplicate should be

analyzed. RPD of the LCS and LCSD are compared to the matrix spike limits.

* The matrix spike / duplicate must be analyzed at the same dilution as the unspiked

sample, even if the matrix spike compounds will be diluted out.
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9.7 Surrogates

9.7.1I Every sample, blank, and QC sample is spiked with surrogate standards. Surrogate
spike recoveries must be evaluated by determining whether the concentration (measured
as percent recovery) falls within the required recovery limits. The compounds routinely
included in the surrogate spiking solution, along with recommended standard
concentrations, are listed in Table I 1.

9.7.2 If any surrogates arc outside limits the following corrective actions must take place
(except for dilutions):

* Check all calculations for error.

* Ensure that instrument performance is acceptable.

* Recalculate thre data and/or reanalyze the extract if either of the above checks reveal
a problem.

It is only necessary to reprepare / reanalyze a sample once to demonstrate that poor
Suirogate recovery is due to matrix effect, unless thre analyst believes that the repeated
out of control results are not due to matrix effect.

Note: Wfall associaited QCnmeets criteria (blanik, LCS/LCSD), up to onesurrogate per
fraction may be outside of acceptance criteria , as long as the recovery is greater than
I 10.

Note: For- Ohio VAP samples, all Surrogates must be within acceptance criteria.

9.7.3 I f the sample with surrogate recoveries outside the recovery limits was a sample used
for an MS/MSD and the surrogate recoveries in the MS/MSD are also outside of thle
control limits, then the sample, the MS, and the MSD do not require reanalysis as this
phenomenon Would indicate a possible matrix problem.

9.7.4 If the sample is reanalyzed and the surrogate recoveries in the reanalysis are acceptable,
then the problem was within the analyst's control and only the reanalyzed data should be
reported. (Unless the reanalysis was outside holding times, in which case reporting both
sets of results may be appropriate.)

9.7.5 If the reanalysis does confinn the original results, thle original analysis is reported and the
data flagged as estimated due to matrix effect.
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9.8 Nonconformance and Corrective Action

9.8.1 Any deviations from QC procedures must be documented as a nonconformance, with

applicable cause and corrective action approved by the facility QA Manager.

10 CALIBRATION AND STANDARDIZATION

10.1 Summary

10.1.1 The instrument is tuned for DFTPP, calibrated initiaflyvwith anminimum five-point

calibration curve, and verified each 12-hour shift with one or more continuing calibration

standard(s). Recommended instrument conditions are listed in Table 5.

10.2 All standards and extracts are allowed to warm to room temperature before injecting.

10.3 Instrumnent Tuning

At the beginning of every twelve hour shift when analyses arc to be performed, the GC/MS

system must be checked to see if acceptable performance criteria (Table 6) is achieved for

DETPP (decafluorotriphenylphosphine).

10.3.1 Inject the GC/MS tuning standard (Section 7.4) into the GC/MS system. Obtain a

background-corrected mass spectra of DFTPP and confirm that all the key m/z criteria

in Table 6 are achieved. If all the criteria are not achieved, the analyst must returne the

mass spectrometer and repeat the test until all criteria arc achieved. The performance

criteria must be achieved before any samples, blanks, or standards are analyzed.

10.3.2 The GC/MS tuning standard should also be used to evaluate the inertness of the

chromatographic system. Benzidine and pentachlorophenol should not exhibit excessive

tailing. If DDT is an analyte of interest, it must be included in the tuning standard, and its

breakdown must be < 20%. Refer to section 12 for the appropriate calculations.

10.4 Initial Calibration

10.4.1 Internal Standard Calibration Procedure: Internal standards are listed in Table 7. Use

the base peak ma/z as the primary rn/z for quantitation of the standards. If interferences

are noted, use one of the next two most intense masses for quantitation.

10.4.2 Compounds should be assigned to the IS with the closest retention time.

10.4.3 Prepare calibration standards at a minimum of five concentration levels for each

parameter of interest. Six standards must be used for a quadratic least squares

calibration. Quadratic fit may NOT be used for samples analyzed under South Carolina
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Certification. It may also be usefuil to analyze six calibration levels and use the lower
five for most analytes and the upper five for analytes that have poor response. Add the
internal standard mixture to result in 2 ng on column. (For example, 5 uL of 80ppm IS
mix is added to 100 uL of extract. This results in 4 ng, but only 0O5ul is injected,
resulting in a final on column amount of 2 ng.)The concentration ranges of all analytes
are listed in tables 12 and 13.

10.4.4 Analyze each calibration standard and tabulate the area of the primary characteristic m/z
against concentration for each compound and internal standard. Calculate response
factors (RF), average response factors, and the percent RSD of the response factors
for each compound using the equations in section 12 and verify that the CCC and
SPCC criteria in section 10.4.5 and 10.4.6 are met. No sample analysis may be
performed unless these criteria are met.

10.4.5 System Perfonnance Check Compounds (SPCCs): The minimum average RE for
semnivolatile SPCCs isO0.050. If the minimum response factors are not met, the system
must be evalUated and corrective action must be taken before sample analysis begins.
Sonic possible problems are standard mixture degradation, injection port inlet
contamination, contamination at the front end of the analytical column, and active sites in
the coIlumn1 or chromatographic system. This check must be met before analysis begins.
SPCC Compounds:

N-nitroso-di-n-propylarnine
FHexachlorocyclopentadiene
2,4- Din itrophenol
4-Nitroplhnol

10.4.6 Calibration Check Compounds (CCCs): The %RSD of the response factors for each
CCC in the initial calibration must be less than 30% for the initial calibration to be
considered valid. This criterion nmust be met before sample analysis begins. Problems
similar to those listed under SPCCs Could affect this criterion.

10.4.6.1 If none of the CCCs are required analytes, project specific calibration
specifications niust be agreed with the client.

10.4.6.2 CCC Compounds:

Phenol
Acenaphrthene
I1,4-Dichloroberizene
N-nitrosodiphenylanrine
2-Nitrophenol
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Pentachlorophenol
2,4-Dichlorophenol
Fluoranthene
Hexachlorobutadiene
Di-n-octylphthalate
4-Chloro-3-methylphenol
Benzo(a)pyrene
2,4,6-Trichlorophenol

10.4.7 If the software in use is capable of routinely reporting curve coefficients for data

validation purposes, and the necessary calibration reports can be generated, then

the analyst should evaluate analytes with %RSD > 15% for calibration on a curve.

If it appears that substantially better accuracy would be obtained using quantitation

from a curve then the appropriate curve should be used for quantitation.

10.4.7.1 If an analyte in the initial calibration is > 15%, then calibration on a curve must
be used. Linear or quadratic curve fits may be used. Linear curve fits only may

be used for South Carolina Certification. The analyst should consider instrument
maintenance to improve the linearity of response. Use of I/Concentration2,
weighting is recommended to improve the accuracy of quantitation at the low

end of the curve. If Relative Standard Error (RSE) is used to evaluate the curve
it must be better than 15%. If the %RSD is >15%, the analyst may drop the

low or high points in the ICAL, as long as a minimum of 5 points are maintained
and the quantitation range is adjusted accordingly. If the % RSD is still >15%,

a quadratic or linear curve may be used. The correlation coefficient (r) must be

> 0.990. If the correlation coefficient is < 0.990, then any hits for these
compounds must be flagged as estimated. If a curve is not linear for any

compound that is found in a samples, the result must be flagged as estimated.

Linear is defined as <1 5% RSD or a correlation coefficient of 0.990.

10.4.7.2 Note: Several components do not respond well by this method (poor linearity).

These compounds are famphur, bcnzenethiol, kepone, and 2,4-toluenediamine.
If these compounds are requested by a client and hits are found, alternate

standards or methods will be needed for more accurate quantitation. Sensitivity

as demonstrated by the low standard is sufficient to substantiate a non-detect.

10.4.8 If time remains in the 12 hour period initiated by the DFTPP injection before the initial

calibration, samples may be analyzed. Otherwise, proceed to continuing calibration.
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10.4.9 Quantitation is performed using the calibration curve or average response
factor from the initial curve, not the continuing calibration.

10.5 Continuing Calibration

10.5.1 At the start of each 12-hour period, the GC/MS tuning standard must be analyzed. The
injection of DFTPP must result in a mass spectrum for DFTPP which meets the criteria
given in Table 6.

10.5.2 Following a Successful DFTPP analysis the continuing calibration standard(s) are
analyzed. The standards must contain all serinvolatile analytes, including all required
surrogates. A mid level calibration standard is used for the continuing calibration.

10.5.3 The following criteria must be met for the continuing calibration to be acceptable:

* The SPCC compounds must have a response factor of > 0.05.

* The percent difference or drifi of the CCC compounds from the initial calibration
Must be < 20%. (sec section 12 for calculations) In addition, the percent difference
or drill of all analytes must be < 50%, with allowance for tip to (4) com1pounds to
be greater thtan 50%.

* The internal standard response must be within 50-200% of the response in the mid
level of the initial calibration.

* The internal standard retention times must be within 30 seconds of the retention
times in the mid-level of the initial calibration.

• NOTE: There is no internal standard criteria for samples. Criteria is only for
continuing and initial calibrations.

* NOTE: Ohio VAP rules require that any sample with internal standard outliers be
reanalyzed. The criteria for acceptance is between 50% and 200%Y of same internal
standard in continu-ing calibration.

10.5.3.1 If none of the CCCs are required analytes, project specific calibration
specifications must be agreed with the client.

10.5.4 Once the above criteria have been met, sample analysis may begin. Initial calibration
average RFs (or the calibration Curve) will be used for sample quantitation, not the
continuing calibration RFs. Analysis may proceed until 12 hours from the injection of
the DFTPP have passed. (A sample injected less than 12 hours after the DFTPP is
acceptable.)
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11 PROCEDURE

11.1 Sample Preparation

Samples are prepared following SOP CORP-OP-000 INC.

11.2 Sample Analysis Procedure

11.2.1 Calibrate the instrument as described in section 10. Depending on the target

compounds required by the client, it may be necessary to use more than one calibration

standard.

11.2.2 All samples must be analyzed using the same instrument conditions as the preceding

continuing calibration standard.

11.2.3 Add internal standard to the extract to result in 2 ng injected on column. Mix

thoroughly before injection into the instrument.

11.2.4 Inject the sample extract into the GC/MS system using the same injection technique as

used for the standards.

11 .25 The data system will deternine the concentration of each analyte in the extract using

calculations equivalent to those in section 12. Quantitation is based onl the initial

calibration, not the continuing calibration.

11 .2.6 Identified compounds are reviewed for proper integration. Manual integrations are

performed if necessary and are documented by the analyst or automatically by the data

system.

11 .2.7 Target compounds identified by the data system are evaluated using the criteria listed in

section 12.1.

11.2.8 Library searches of peaks present in the chromatogram that are not target compounds

(Tentatively Identified Compounds, TIC) may be performed if required by the client.

They are evaluated using the criteria in section 12.3.

11.3 Dilutions

If the response for any compound exceeds the working range of the CC/MS system, a

dilution of the extract is prepared and analyzed. An appropriate dilution should be in the
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upper half of the calibration range. Samples may be screened to determine the appropriate
dilution for the initial inn. If the initial diluted run has no hits or hits below 20% of the
calibration range and the matrix allows for analysis at a lesser dilution, the sample must be
reanalyzed at a dilution targeted to bring the largest hit above 50% of the calibration range.

11.3.1 Guidance for Dilutions Due to Matrix

If the sample is initially run at a dilution and the baseline rise is less than the height of the
internal standards, or if individual non-target peaks are less than two times the height of
the internal standards, the sample should be reanalyzed at a more concentrated dilution.
This requiremenrt is approximate and subject to analyst judgement. For example,
samples containing organic acids may need to be analyzed at a higher dilution to avoid
destroying the column.

11.3.2 Reporting Dilutions

The most concentrated dilution with target compounds within the calibration range will
be reported. Other dilutions will only be reported at client request.

11 .4 Perf'orm all qualitative and quantitative measurements. When the extracts are not being used
for analyses, refrigerate them at 4 + 2TC, protected from light in screw cap vials equipped
With unpierced Tel lon lined septa.

I I .5 Retention t ime criteria for samples

If 'the retention time for any internal standard changes by more than 0.5 minutes from the last
continuing calibration standard, the chromatographic system must be inspected for
mnallbnctions and Coireeted. Reanalysis of samples analyzed while the system was
malfunctioning is required.

11.5.1 lIfthe retenition time cof any internalstanidard in any sample varies by more than 0.1
minute fromt the preceding continuing calibration standard, the data must be carefully
evaluated to ensure that no analytes have shifted outside their retention time windows.

1 1.6 Procedural Variations

1 1.6.1 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 approved by a
Technical Specialist and QA Manager. If contractually required, the client shall be
notified. The Nonconfiormance Memo shall be filed in the project file. Any
unauthorized deviations iorn this procedure must also be documented as a non-
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conformance, with a cause and corrective action described.

11.7 Troubleshooting Guide

11 .7. 1 Daily Instrument Maintenance

In addition to the checks listed in the instrument maintenance schedule in the STh North

Canton Quality Assurance Manual (LQM), current version, the following daily
maintenance should be performed.

* Clip Column as necessary.

* Install new or cleaned injection port liner as necessary.

* Install new septum as necessary.

* Perform autotune.

11 .7.2 Major Mainteniance

A new initial calibration is necessary following major maintenance. Major

maintenance includes changing the column, cleaning the source, and replacing the
multiplier. Refer to the manufacturer's manual for specific guidance.

12 DATA ANALYSIS AND CALCULATIONS

1 2. 1 Qualitative identification

An analyte is identified by retention time and by comparison of the sample mass spectrum

with the mass spectrum of a standard of the suspected compound (standlard reference

spectrum). Mass spectra for standard reference may be obtained on the user's GCIMS by

analysis of the calibration standards or from the NBS library. Two criteria must be satisfied

to verify identification: (1) elution of sample component at the same GC retention time as

the standard component; and (2) correspondence of the sample component and the

standard component characteristic ions. (Note: Care must be taken to ensure that spectral

distortion due to co-etution is evaluated.)

* The sample component retention time must compare to within ± 0.2 min. of the

retention time of the standard component. For reference, the standard must be run
within the same twelve hours as the sample.

* All ions present in the standard mass spectra at a relative intensity greater than 10%
(most abundant ion in the spectrum equals 1 00%) should be present in the sample
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spectrum.

* The characteristic ions of a compound must maximize in the same scan or within one
scan of each other.

* The relative intensities of ions should agree to within +30% between the standard
and sample spectra. (Example: For an ion with an abundance of 50% in the
standard spectra, the corresponding sample abundance must be between 20% and
80%.)

12.1.1 If a compound cannot beverified by all the above criteria, but in the technical judgment
of the analyst the identification is correct, the analyst shall report that identification and
proceed with quantitation.

12.2 Mass chromatograrm searches.

Certain compounds are unstable in the calibration standard and cannot be calibrated in the
nonmal way. In particular, the compound hexachiorophene (CAS 70-30-4) falls into this
category, and is required fbr Appendix IX analysis. For this analyte a mass chromatograin
search is made.

12.2.1 IHexachloropl-ene

Display the mass chronmatogranms fibr mass 196 and mass 198 for the region of the
chrornatograrm from at least 2 mninUtes before chrysene-d12 to at least 4 minutes afier
chirysene-dI 2. If peaks for both ions coincide then the analyst evaluates the spectrum
fbr the presence of'hexachlorophene. No quantitation is possible.

12.3 For samples containing components not associated with the calibration standards, a library
search may be made for the purpose of tentative identification. The necessity to perform
this type of identification will be determined by the type of analyses being conducted.
Computer generated library search routines should not use normalization routines that would
misrepresent the library or unknown spectra when compared to each other. Only after
visual comparison of sample spectra with the nearest library searches shall the mass spectral
interpretation specialist assign a tentative identification. Guidelines for making tentative
identification are:

* Relative intensities of major ions in the reference spectrum (ions >10% of the most
abundant ion) should be present in the sample spectrum.

* The relative intensities of the major ions should agree within ±20%. (Example: For anl
ion with an abundance of 50% in the standard spectrum, the corresponding sample ion
abundance Should be between 30%and 70%.)
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* Molecular ions present in the reference spectrum should be 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 coeluting compounds.

* 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. Data system library reduction programs can

sometimes create these discrepancies.

* Automatic background subtraction can severely distort spectra from samples with

unresolved hydrocarbons.

12.4 Anyone evaluating data is trained to know how to handle isomers with identical mass

spectra and close clution times. These include:

Dichlorobenzenes
Methylphenols

Trichlorophenols
Phenanthrene, anthraccne

Fluoranthene, pyrene
Benzo(b) and (k)flUoranthene
Chrysene, benzo(a)anthraccene

Extra precautions concerning these compounds are to more closely scrutinize retention time

vs. the calibration standard and also to check that all isomers have distinct retention times.

A second category of problem compounds would be the poor responders or compounds

that chromatograph poorly. Included in this category would be:

Benzoic acid
Chloroanilines
Nitroanilines

2,4-Dinitrophenol
4-Nitrophcnol

P entac hlorop hen o
3,3'-Dichlorobenzidine

Benzyl alcohol
4,6-Dinitro-2-iiethylphenol

Manually checking the integrations would be appropriate for these compounds.
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l2.5 Calculations

12.5.1 Percent Relative Standard Deviation for Initial Calibration

%RSD SDX 100
RF

RF' = Mean of R~s from intial caibration for a compound
SD = Standard deviation of RFs from initial calibration for a compound,

j=1 N- I

RFi =RF for each of the calibration levels
N = Number or RF values

12.5.2 Con1tinuLinlgcalibration percenit drill

'X, Drif = Ce, .. ... - C/...X 100%

C = Known conccntration in standard
C =.. . Measured concentration using selected quantitation method

12.5.3 Concentration in the extract

The concentration of' each identified analyte and Surrogate in the extract is calculated
(roni the linear or quadratic curve fitted to the initial calibration points, or from the
avcrage RF offthe initial calibration. For South Carolina Certification the concentration
of each identified analyte and surrogate in the extract is calculated from the linear curve
only fitted to the initial calibration points, or from the average RF of the initial calibration.

12.5.3.1 Average response Ibctor

If the average of all the %RSDs of the response factors in the initial calibration is
<1 5%, the average response factor from the initial calibration may be used for

quarititation.

R,,RF
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12.5.3.2 Linear fit (Use only Linear fit for South Carolina Certification)

Ca, Concentration in extract, jig/mL

,R= Response for analyte

C,, = Concentration of internal standard

A = Intercept

B= Slope

12.5.3.3 Quadratic fit

,= A +BrRj±-R

C= Curvature
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12.5.4 The concentration in the sample is then calculated.

12.5.4.1 Aqueous Calculation

Concentration, pg / L = ____V

Where:

1K = Volume of total extract, pL, taking into account dilutions (i.e., a
1-to-10 dilution of'a I mL extract will mean V, = 10,000 IiL. If half
of the base/neutral extract and half of the acid extract arc combined,
V, = 2,000.)

1K. = Volume of water extracted (mL)

12.5.5 Sedimnent/Soil, Sludge (on a dry-weight basis) and Waste (normally on a wet-weight
basis:

Concentration, pg / kg = lED V

Wl, = Weight of sample extracted or dilited in gramns

D = (100 - % moisture in sarnple)/100, for a dry weight basis or I
fbor a wet weight basis

12.6 MS/MSD percent recovery calculation.

Matrix Spike Recovery = SS RX 100%
S4;

SspR = Spike sample result

SI= Sample result

8,f = Spike added
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12.7 Relative % Difference calculation for the MS/MSD

RPD = MSR - MSDR X 0

I/ 2(MSR + MSDx?)

RPD = Relative percent difference

MSR = Matrix spikc result

MSDR = Matrix spike duplicate result

12.8 Relative response factor calculation.

RF =AC
AX

A,-=Area of the charactcristic ion for thc compound being measured

A,,=Area of the characteristic ionfor the specific internal standard

Cj-Concentration of the compound being measured (itg/L)

C,, =Concentration of the specific internal standard (ptgIL)

12.9 Calculation of TICs: The calculation of TICs (tentatively identified compounds) is identical

to the above calculations with the following exceptions:

A, = Area of the total ion chromatogramn for the compound being

measured

A,,= Area of the total ion chrornatogram for the nearest internal

standard without interference

RF= 1

12. 1 0 Percent DDT breakdown

%DDT breakdownDDEarea + DDDarea
DDTarea + DDEarea + D~arca

The total ion current areas are used for this calculation
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13 METHOD PERFORMANCE

13.1 Method Detection Limit

Each laboratory must generate a valid method detection limit for each analyte of interest.
The MDL must be below the reporting limit for each analyte. The procedure for
detennination of the method detection limit is given in 40 CFR Part 136, Appendix B, and
further defined in QA Policy #: QA-0O5.

13.2 Initial Demonstration

Each laboratory must make an initial demonstration of capability for each individual method.
Demonstration of capability for both soil and water matrices is required. This requires
analysis of QC check samples containing all of the standard analytes for the method. For
some tests it may be necessary to use more than one QC check mix to cover all analytes of
interest.

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 Calculate the average recovery and standard deviation of the recovery for each analyte
o f interest.

13.2.3 If'any analyte does not meet the acceptance criteria the test must be repeated. Only
those analytes that did not meet criteria in the first test need to be evaluated. Repeated
Failure for any analyte indicates the need for the laboratory to evaluate the analytical
procedure and take corrective action.

1 3.3 Non-standard analytes

For non-standard analytes, an MDL study must be performed and calibration curve
generated before analyzing any samples, unless lesser requirements are previously agreed to
with the client. In any event, the minimum initial demonstration required is analysis of an
extracted standard at the reporting limit and a single point calibration.

13.4 Training Qualification

The group/teamn 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.
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14 POLLUTION PREVENTION

14.1 This section is not applicable to this procedure.

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 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.

15.3 Waste Streams Produced by the Method

15.3.1 Vials containing sample extracts: These vials are placed in the vial waste located in

the GC/MS laboratory.
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16.2.3 Statistical Evaluation of Data and Development of Control Charts, NC-QA-001S8

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

17. 1 Modifications from Reference Method

17.1.1 A retention time window of 0.2 minutes is used for all components, since some data
systems do not have the capability of using the relative retention time units specified in
the reibrence method.

1 7.1I.2 The qUartitation and qualifier ions from coms compounds have been changed from
those recommenrided in SW-846 in order to improve the reliability of qualitative
identification.

1 7.2 Tables

Table I

ST'! North Canton Primary Standard and Standard Reporting Limits

Analyics CAS NUmber Standard Reporting Limnits
Aqueous Low Soil/Sediment

_____ _____ ____ ____ ____g __L __ _ pg k g
Pyrid ine 110-86-1 20 660
N-n i~roSOLI imet hylam]I in[C 62-75-9 10 330
Aniline 62-53-3 10 330
Phenol 108-95-2 10 330
Bis'(2-chfloroclhyl)eihcr 11144-4 10 330
2-Chlorophenol 95-57-8 10 330
1,3-Dichlorobcnizenc 541-73-1 10 330
1,4-Diehloroben-zenc 10646-7 to 330
13enzyl alcohol 100-51-6 10 330
1,2-Dichlorobcnzene 95-50-1 10 330
2-Methylphenol 95-48-7 10 330
2 ,2'-oxybis(I-chiloropropanci)I 108-60-1 10 330
4-Methylphenol 10644-5 10 330
N-Nitroso-dli-in-prop~ylainilie 621-(4-7 10 330
Ilexachloroetlhane 67-72-1 10 330
Nitrobenzene 98-95-3 10 330
Isophorone 78-59-1 10 330
2-N itrophcnol 88-75-5 10 330
2,4-Dfinethylpheno1 105-67-9 10 330
BcnyZoic acid 65-S5-0 50 160013is~(2-chloroethioxy)inctlizine 11I-91-I It 330
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Table I

STL North Canton Primary Standard and Standard Reporting Limits

Analytes CAS Number Standard Reporting Limits

Aqueous Low Soil/Sediment

_ _ _ _ _ _ _ _ _ _ _ _ _pg _ _L pgkg

2,4-Dichlorophenol 120-83-2 10 330

1,2,4-Trichlorobenzene 120-82-1 10 330

Naphthalene 91-20-3 10 330

4-Chloroaniline 106-47-8 10 330

Hexachlorobutadiene 87-68-3 10 330

4-Chloro-3-methylphenol 59-50-7 10 330

2-Methylnaphthalene 91-57-6 1 0 330

Hexachlorocyclopentadiene 7747-4 50 1600

2,4,6-Trichlorophenol 88-06-2 10 330

2,4,5-Trichlorophenol 95-95-4 10 330

2-Chloronaphthalene 91-58-7 1 0 330

2-Nitroaniline 88-74-4 50 1600

Diniethyl phthalate 131-11-3 10 330

Acenaphthylene 208-96-8 10 330

3-Nitroaniline 99-09-2 50 1600

Acenaphthene 83-32-9 10 330

2,4-Dinitrophenol 51-28-5 50 1600

4-Nitrophenol 100-02-7 50 1600

Dibenzofuiran 132-64-9 10 330

2,4-Dinitrotoluene 121-14-2 10 330

2,6-Dinitrotoluene 606-20-2 10 330

Diethylplhthalate 84-66-2 10 330

4-Chiorophenyl phenyl ether 7005-72-3 10 330

FiLiorene 86-73-7 10 330

4-Nitroaniline 100-01-6 50 1600

4,6-Dinitro-2-methylphenol 534-52-1 50 1600

N-Nitrosodiphenylamine 86-30-6 10 330

Azobenzene 103-33-3 10 330

4_Broinophenyl phenyl ether 101-55-3 10 330

H-exachlorobenzene 118-74-1 10 330

Pentachlorophenol 87-86-5 50 1600

Phenianthrene 85-01-8 10 330

Anthracene 120-12-7 10 330

Carbazole 86-74-8 10 330

Di-n-butyl phthalate 84-74-2 10 330

Fluoranthene 206-44-0 10 330

Benzidine 92-87-5 100 3300

Pyrene 129-00-0 10 330

Butyl benzyl phithalate 85-68-7 10 330

3,3-Dichlorobenzidine 91-94- I 50 1600

Benzo(a)anthraccne 56-55-3 10 330

Bis(2-ethylhexyl)phthalate 117-81-7 10 330

Chrysene 218-01-9 10 330
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Table I

STL North Canton Primary Standard and Standard Reporting Limits

Analytcs GAS Number Standard Reporting Limits
Aqueous Low Soil/Sediment

_____ _____ ___ g/L pig/kg
Di-n-octylplhthalatc 117-84-0 10 330
Bcnzo(b)fliicranthcnc 205-99-2 10 330
Benzo(k)fluorantlicne 207-08-9 10 330
lBenzo(a)pyrenc 50-32-8 10 330
Indeno(1,2,3-cd)pyrene 193-39-5 10 330
Dibenz~a,h)anthracene 53-70-3 10 330
l3cnzo(g,h,i)perylene 191-24-2 10 330
Benzaldehyde 100-52-7 10 330
Capi-olactam 105-60-2 10 330
1,1 -Biphlenyl 92-52-4 10 330
Alrazine 1912-24-9 1 0 330
lBenzenethiol 108-98-5 1 0 330
1 I denec 95-13-6 1 0 330
Quinoline 91-22-5 10 330
1-Meihyl Naplithalene 90-12-0 10 330

'2,2 'oxybhis(1I-chiloropriopa~ne) was fbrimcrly known as bis( 2-c iloroisopropyl)eliher.

Table 2

STE North Cantou Appendix IX' Standard Reporting Limits

S eiv~ ls CA S N umber Standar Reporting L imi Is
Aqueous Low Soil/Sedliment

________________ ag/L g k

2-P1icoline 109-06-S 2060
N-Nitr-osomeithiyletlhylaminiic 10595-95-6 1030
Methyl merhtlaneSUlfonate 66-27-3 10 0
N-Nitiosodiethlayiamie 55-18-5 1030
Ethyl ImethanesUlfona'te 62-50-0 10 330
Pentachloroethiane 76-01-7 50 1600
Aectophenone 99-86-2 10 330
N-Nitrosopyrrolidine 930-55-2 10 330
N-Nitrosonmrpholinc 59-89-2 10 330
o-Tokuidirc 95-534 20 660
3-Methylphecnol 108-39-4 10 330
N-Nitrosopiperidine 100-75-4 10 330
o,o~o-Tricthiy]-Pliosploroithtiaie)i2 126-68-1 50 1600
a,i- Di imelhyl-phncihclylamincii 122-09-S 50 1600
2,6-Dichlorophenol 87-65-0 10 330
flexacliloroproipene 1888-71-7 100 3300
p1-Phlciylencdliamluin 106-50-3 100 3300
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Table 2

STL North Canton Appendix IX' Standard Reporting Limits

Seniivolatiles GAS Number Standar ReportingLmt
Aqueous Low Soil/Sediment

pgIL p g/kg

n-Nitrosodi-n-butylamine 924-16-3 1 0 330

Safrole 94-59-7 20 660

l,2,4,5-Tetrachlorobenzene 95-94-3 1 0 330

Isosafrole 120-58-I 20 660

I1,4-Dinitrobenzene 100-25-4 1 0 330

I1,4-Naphthoquinone 130-I54 50 1600

I1,3-Dinitrobenzene 99-65-0 1 0 330

Pentachlorobenzene 608-93-5 1 0 330

I -NaphthylIam ine 134-32-7 1 0 330

2-Naphthylamine 9I-59-8 1 0 330

2,3,4,6-Tetrachlorophenol 58-90-2 50 1600

5-Nitro-o-toluidine 99-55-8 20 660

Thionazin2 297-97-2 50 1600

I .3,5-Tri ni trobe nzene 99-35A4 50 1600

Sul fotepp2 3689-24-5 50 1600

Phorate2 298-02-2 50 1600

Phenacetin 62-44-2 20 660

Diallate2 2303-16-4 20 660

Dimethoate2 60-51-5 20 660

4-Amninobiplhenyl 92-67- i 50 1600

Pen t ac hIorto nit robe nzen e 82-68-8 50 1600

Prnmd 23950-58-5 20 660

Di sulfoton' 298-04A4 50 1600

2-secbutyl-4,6-dinitrophenol (Dinoseb2) 88-85-7 20 660

4-Nitroquinoline-l -oxide 56-57-5 to0 3300

Methapyrilene 91-80-5 50 1600

Aramite 140-57-8 20 660

Famphuir 52-85-7 100 3300

p-(Dimcthylarnino)azobeflzefle 60-11-7 20 660

p-Chlorobenzilate 510-15-6 10 330

3,3'-Dimethylbenzidine 119-93-7 50 1600

2-Acetylaiiinofluorene 53-96-3 100 3300

Dibenz(a~j)acridine 224-42-0 20 660

7,12-Dimnethylbenz(a)anthracene 57-97-6 20 660

3-Methylcholanthirene 5649-5 20 1660

1The Appendix IX standard contains additional analytes required for the Appendix IN list. The STL North

Canton primary standard must also be analyzed to include all of the Appendix IX list

2 May also be analyzed by method 81 41,which can achieve lower reporting limits.

3It ishighly recommiended that Famiphur is analyzed by method 8081. It is apoor responder by 8270C.
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Table 2A
STL North Canton Michigan Program'

Semivolitile CAS Number Michigan Reporting Limits
Aqueous Low Soil/Sediment

_______________ pg/L pg/kg
Ace naphthenc 93-32-9 5 330
Acenaphithylene 208-96--8 5 330
Acetophenone 98-86-2 5 330
Anoth racene 120-12-7 5 330
Atrzine 1912-24-9 5 330
IBenzaldchydc 100-52-7 10 330
B~enzo(a)anihl-acene 56-55-3 330
Ben-zo(a)pyrene 50-32-8 2 330
[Berizo(b)flUorandictne 205-99-2 2 330
B~cnzo(g,h,i)per~ylenc 191-24-2 5 330
IBcnzo(k)fluoranuihcne 207-08-9 5 330
1,1 '-3iphienyl 92-52-4 10 330
4-Bronioplhenylpipheyl cliter 101-55-3 5 330
BLiutylben-zyplpithalaie 85-68-7 5 330
di-n-Butylphthialatc 84-74-2 5 33T0~
Caprolacta in 105-60-2 0 330
Carba-zolc 86-74-8 1 0 330
4-Chloroaniline 10647-8 20 1700
bis(2-C hlorocthioxy)meitlizmie 111-91 - 5 330
bis(2-Chloroethy1)ethcr 111-444 4 330
bis(2-Chloroisopi opyl)cth~cr 108-60-1 5 330
4-Chloto-3-Methylph-cniol 59-50-7 5 330
2-Chloronaphithalenc 91-58-7 5 330
2-Chloroplienol 95-57-8 5 330
4-Chioropheniyl phienyl edcihe 7005-72-3 5 330
Chr-ysene 2 18-01-9 5 330
D ibenz(a,,h)arnhracenc 53-70-3 2 330
IDibcnzoi'uran 132-64-9 5 330
3,3-Dichlorobenziclinc 91-94-I 4 2000
2,4- Dichilorophienol 120-83-2 1 0 330
I) iethy lphthalme 84-66-2 5 330
2-4-Dinmethylphecnol1 105-67-9 5 330
D~iimc(thy lplthialatc 131-11-3 5 330
4,6-Di nittro-2-niethylplhenol1 534-52-I 20 1700
2,4-Dinitr-ophenol 5 1-28-5 20 1700
2,4-D initrotolutene 121-14-2 5 330
2,6-Dinjirotolucne 606-20-2 5 330
bi s(2-Ethylh-cxyl)phtfia latc 117-81-7 5 330
Fluoranthene 20644-0 5330
F ILI m en 86-73-7 5 330
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Table 2A
STL North Canton Michigan Program

Senmivolatile CAS Number Michigan Reporting Limits

Aqueous Low Soil/Sediment

pg/L ag/kg

H-exachlorobenzcne 118-74-1 5 330

Hexachlorobutaciene 87-68-3 5 330

H-exachlorocyclopentadiene 77-474 5 330

Hexachloroethane 67-72-I 5 330

Indeno(1,2,3-cd)pyrene 193-39-5 2 330

Isophorone 78-59-I 5 330

2-Methylnapthalene 91-57-6 5 330

2-Methylphenol 95-48-7 5 330

4-Methylphenol 106-44-5 5 330

Naphthalene 91-20-3 5 330

2-Nitroaniline 88-74-4 20 1700

3-Nitroaniline 99-09-2 20 1700

4-Nitroaniline 100-01-6 20 1700

Nitrobenzene 95-95-3 4 330

2-Nitrophenol 88-75-5 5 330

4-Nitrophenol 100-02-7 20 1700

N-Nitroso-di-n-propylainine 621-64-7 5 330

N-Nitrosodiphenylamtine (diphenylamine) 62-75-9 5 330

dt-n-Octylphihalatc 117-84-0 5 330

Pentachlorophenol 87-86-5 20 800

Phenanthrene 5-185 330

Phenol 108-95-2 5 330

Pyrenc 129-00-0 5 330
2,4,5-Trichloropheniol 95-95-4 5 330

2,4,6-Trichlorophenol 88-06-2 4 330

'Reporting Limits are only for samples performed under the Michigan program.

Table 3

Reportable Analytes for STL North Canton Standard Tests, Primary Standard

Analyte CAS Number TP TCL Appendix IX

Pyridine I Io-W6I X X

N-nitrosodimethylamine 62-75-9 X

Aniline 62-53-3 X
Phenol 108-95-2 X X

Bis(2-chloroethyl)ether 111A44- X X

2-Chlorophenol 95-57-8 X X

1,3-Dichlorobenzene 541-73-1 X X

1,4-Dichlorobenzene 106-46-7 N X X

IBenzyl alcohol 100-51-6 N
1,2-flichlorobenzene 95-50-I N N

2-Methylphenol 95A8-7 N N N
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Table 3

Reportable Analytes for STL North Canton Standard Tests, Primary Standard

Analyte CAS Number TCLP T7CL Appendix IX
2 ,2'-oxybis(Ichorprpnc) 180-60-1 X X
4-Methylphenol TO -4-5 X X X
N-Nitroso-di-n-propylamine 621-64-7 X X
H-exachlorocthane 67-72-1 X X x
Nitrobenzenc 98-95-3 X X x
Isophorone 78-59-1 X X
2-Nitrophenol 88-75-5 X X
2,4-Diniethylplienol 105-67-9 X X
Benzoic acid 65-85-0
Bis(2-chlorocthoxy)nicthare I 11-91-I X X
2,4-Dichlorophe-nol 120-83-2 X x
I1.2,4-Trichlorobenzene 120-82-1 3K 3
Naphthalene 91-20-3 3K 3
4-Chloroinifinc 106-47-8 X X
I lcxichlorobutadienc 87-68-3 X 3K X
4-Chloro-3-mcihylphenol 59-50-7 X x
2-Mcthyluaphthalenc 9 1-57-6 X 3K
I lexaclilorocyclopeniadiicnce 77-47-4 X 3K
2,4,6-Trichllropherol 88-06-2 3K X 3
2,4,5-Tj ichlorophcnol 95-95-4 3K 3K 3
2-Chloronaphthalcnc 91-58-7 3K 3
2-Nitroaniline 88-74-4 3K 3
Dimeichyl phthalatc 131-11-3 3K 3
Accimplithylciic 208-96-8 3K X
3-Nitroaniline 99-09-2 3K 3
Acenaphihenc 83-32-9 3K 3
2,4-Diniirophenol 5 1-28-5 N 3K
4-Nitrophenol 100-02-7 3K N
Dibenzofuran 132-64-9 X 3K
2,4-Dinitrotolnenc 121-14-2 3K 3K 3
2,6-DinitrotolUcnc 606-20-2 3K X
lDiethyiphithalatc 84-66-2 N N
4-Chlorophe-nyl phenyl ether 7005-72-3 3K 3
Flnorene 86-73-7 3K 3
4-Niiroanilinc 100-01-6 3K N
4 ,6-Dinilro-2-methylphcnol 534-52-1 3K N
N-Nitrosodiphcnylainiic 86-30-6 N N
Azobcnzcne' 1 03-33-3
4-B3ronophenyl phecnyl etheri 101-55-3 3K X
Hcexachlorobenzene 118-74-1 K 3K X
Pentachloroplicnol 87-86-5 3K 3K 3
Phenanthrene 85-01-8 3K 3
Anthiracene 120-12-7 3K 3
Car~bazolc ~ ~86-74-8 3K

84-74-2 3K 3
~Flurnte206-44-0 N N
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Table 3

Reportable Analytes for STL North Canton Standard Tests, Primary Standard

Analyte CAS Number TCLP TCL Appendix

Benzidine 92-87-5

Pyrene 129-00-0 IX X

Butyl benzyl phthalate 85-68-7 X IX

3,3'-Diehlorobenzidine 91-94-1 X IX

Bcnzo(a)anthracene 56-55-3 IX IX

Bis(2-ethiylhexyl)phthalate 117-S81-7 IX IX

Chrysene 218-01-9 IX X

Di-n-octylphthalate 117-84-0 IX IX

Benzo(b)tluoranthene 205-99-2 IX IX
Benzo(k)fluoranthene 207-08-9 IX X

Benzo(a)pyrenc 50-32-8 X IX

Indeno(1,2,3-cd)pyrene 193-39-5 X IX

Dibenz(a,h)anthracene 53-70-3 IX IX

Bcnzo(g,hji)perylene 191-24-2 IX IX

Benzaldchyd 100-52-7 IX

Caprolactain 105-602I

1,1-Biphenyl 92-524 I-
AtazIne 1912-24-9 IX _______

Azobenzene is formed by decomposition of 1,2-diphenyhydrazine. If 1,2-diphenyihydrazine is requested, it will be

analyzed as azobenzene
Table 4

Reportable analytes for STL North Canton Standard Tests, Appendix IX Standard

Sernivolatiles CAS Number TCLP TCL Appendix IX

2-Picoline 109-06-8 IX

N-Nitrosomethylethylainine 10595-95-6 IX

Methyl methanesulfonrate 66-27-3 IX

N-Nitrosodiethylamine 55-18-5 IX

Ethyl methanesulfonate 62-50-0 IX

Pentachloroethane 76-01-7 IX

Acetophenone 98-862 X IX

N-Nitrosopyrrolidine 930-55-2 IX

N-Nitrosomorpholine 59-89-2 IX

o-Toluidine 95-534 IX

3-Methylphenol 108-394 IX

N-Nitrosopiperidine 100-754 IX

o,o,o-Triethyl-Phosphorothioate' 126-68-1 IX

a,a-Dinmcthlv-phenethylarninc 122-09-8 IX

2,6-Dichlorophenol 87-65-0 IX

Hexachloropropenc 1888-71-7 IX

p-Phenylencdiamine 106-50-3 IX

n-Nitrosodi-n-buitylamine 924-16-3 IX

Safrole 94-59-7 IX

I1,2,4,5-Tetrachilorobenzene 95-94-3 IX
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Table 4

Reportable analytes for STL North Canton Standard Tests, Appendix ]X Standard

sentivolatiles CA ubr TCLP TCL Appendix FX
lsosafirole 120-58-1 X
1,4-Dinitrobenzene 100-254 X
1,4-NaphthoqLuinone 130-154 X
I1,3-Dinitrobcrnzene 99-65-0 X
Pentachlorobenzcne 608-93-5 X
1-Naphihylamine 134-32-7 X
2-Naphth lminc 91-59-8 X
2,3,4,6-Tetrachloropherol ----- 5 8-90-2 X
5-Nitro-o-tolUidine 99-55-8 X
Thionazin' 297-97-2 X
1,3,5-Trinitrobenzene 99-354 X
Sulfotepp' 3689-24-5 X
Phorate' 299-02-2 X
Plienacetin 6244-2 X
Diallate 2-303-164 X
Dirriethoate' 60-51-5 X4 -Aminobiphenyl 92-67-1 X
Peinachloronitrobenzene 82-68-8 X
Pronarride 23950-58-5 X
Di su Ifoton' 298-04-4 X
2 -secbLiyiy-4,6-dIinrrrophlenoI (Dinoselb)' 88-85-7 X
4-Nilroqui nol ine- I-ox idc 56-57-5 X
PamlriptiP 52-85-7 x
Meilhapyrilene 91-80-5 X
Aramile 140-57-8 X
P-(D iimehyla ini no)azoberizcne 60-I11-7 X
p-Chlorobenzilate 510-15-6 X
3,3'-D imethylbenzidine 119-93-7 X2-Acetylamriinotluorene 53-96-3 X
Dibenz(aj)acridinc' 22442-0
7,1 2- Dimethylbhenz~a)anthracene 57-97-6 X
3-M ethyl cholIanthrene 5649-5 X
IlIexach lotrophene4 70-30-4 X

cihnylanine5c 122-39-4 X

May also be analyzed by method 814 1 which can achieve lower reporting limits.

2 May also be analyzed by method 808 1, which can achieve lower reporting limits

Skinner List Compound

4 1lexachlorophiene is a required analyte for Appendix ]X. This com1pouind is not stable, and therefore not included
in the calibration standard. The characteristic ions for hexachlorophene are searched for in the chromatogaram.
(See section 12.2. 1)

.5Diphcnylaniinc is a requitred compound for Appendix IX. N-ni trosod iphienyl am ine decomposes in the injection
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port to form diphenylamine. Therefore these two compounds cannot be distinguished. Diphenylamine is not

included in the calibration standard.

Table 5

Suggested Instrumental Conditions

Mass Range 35-500 amau

Scan Time <1 second/scan

Initial Column Temperature/Hold Time 45t'C for 1 minutes

Column Temperature Program 45- 100WC at 250C/min for 0 min
too - 2800C at 300C/min for 0 min
280 - 100 0C at 250C/mnin for 2 min

Final Column Temperature/Hold Time 3200C (until at least one minute after benzo(g,hJi)perylene
has elated)

Injector Temperature 250 - 3000C

Transfer Line Temperature 250 - 3OWC

Source Temperature According to manufactures's
Specifications

Injector Grob-type, split / splitless

Sample Volume 0 5 gI

Carrier Gas Helium at 30 crn/sec

Table 6

DFTPP Key Ions and Ion Abundance Criteria

Mass Ion Abundance Criteria

5 1 30 -60% ofimass 198
68 <2% of mass 69

70 <2% of mass 69

127 40 -60% of mass 198

197 <I% of mass 198

198 Base peak, 1 00% relative abundance

199 5 -9% of mass 198

275 O - 30% of mass 198

365 >lI% of mass 198

441 Present, but less than mass 443

442 >40% of mass 198

443 17 -23% ofmifass 442
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Table 7

Analytes in Approximate Retention Time Order and Characteristic Ions, Primary Standard

Analm terjay ecndary Tertiarv
N-nitrsodimncthylamine 74 42
Pyridine 79 52
2-Fluorophenoll (Surrogate Standard) 112 (A 63
Phcnol-d5 (Surrogate Standard) 99 42 71
lBcnzaldehydcl 77 105 106
Aniline 93 66
Phenol 94 65 66
IBis(2-chlorocthy1)erhcr 93 63 95
2-Chlorophenol 128 64 130
1,3-Dichlorobenzene 146 148 113
1,4-D~iclilorobenzene-d4 (Internal 152 150 115
Standard)
1,4-Dichlorobenzene 146 148 113
Bcuzyl Alcohol lOX 79 77
1,2-Dichlorobenzenc 146 148 113
2-Methylphenol 108 107 79
2,2'-oxybis( I-chiloropriopanie)' 45 77 79
4-Methylphenol 108 107 79
N-Nit roso-d i-ni-propylaminciii 70 42 101,130
1Hexachloioethane 117 201 199
Nitrohenzene-d5 (Surrogate Standard) 82 128 54
Nitrobeozeuc 77 123 65
Isophor-one 82 95 138
2-NinIophcnolI 139 65 109
2.4-Dinicrhylpleicol 107 121 122
Bcnzoic Acid 1 22 105 77
Bis(2-chllor-oethoxy)micthancii 93 95 123
2,4-IDichlorophenol 162 164 98
1 ,2,4-Trichlorobcnzenc 180 182 145
Naphtlialene-dX8 (internal Standard) 1 36 68 54
Naphthalenc 128 129 127
4-Chloroaniline 127 129 65
FicIxachlorobutadiene 225 223 227
Caprolactani 113 55 56
4-Chloro-3-methylphenol 107 144 1422-Merhylnnplithalene 142 141 115
Hcxachlorocyclopcntudicne 237 235 272
2,4,6-Trichloroplienol 196 198 200
2,4,5-Trichlorophenol 196 198 200
* I -Biphienyl 154 153 76

2-PFluorobiplienyl (Surrogate Standard) 1 72 171 170
_2-Cih...onaphthalcnc 162 104 127
12-Nitroanihne 65 92 138
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Table 7

Analytes in Approximate Retention Time Order and Characteristic Ions, Primary Standard

Analyte Pnmary Secondary Trir

[iehlhthalate 163 19414

[Acenaphthylene 152 15113

26Ditotoluene 165 63 8

Acenaphthene-dl (Internal Standard) 164 162 160

3-Nitroaniline 138 108 92

Acenaphtlhene 153 152 154

2,4-Dinitrophenol 184 63 154

Dibenzofuran 168 139 84

4-Nitrophenol 109 139 65

2,4-Dinitrotoluene 165 63 89

Diethylphthalate 149 177 ISO

Fluorene 166 165 167

4-Chlorophenylphenylether 204 206 141

4-Nitroaniline 138 92 lOS

4,6-Dinitro-2-mcthylpheflol 198 182 77

N-N itrosodiphenylamine 169 168 167

2,4,6-'Tribromophenol (Surrogate 330 332 141

Standard)

Azobenzenc 77 182 lOS

4-Bromophenylphenlylether 248 250 141

Hexachlorobenzcne 284 142 249

Atrazine 200 173 215

Pentachlorophcnol 266 264 268

Phenanthrene-dlO (Internal Standard) 188 94 80

Phenanthrene 178 179 176

Anthracc ne 178 179 176

Carbazole 167 166 139

Di-n-butylphthalate 149 150 104

Fluoranthene 202 101 100

Benzidine 184 92 185

Pyrene 202 101 100

Terphenyl-d14 (Surrogate Standard) 244 122 212

Butylbcnzylphthalate 149 91 206

Benzo(a)Anthracene 228 229 226

Chrysene-d12 (internal Standard) 240 120 236

3,3-Dichlorobcnzidine 252 254 126

Chrysene 228 226 229

Bis(2-cthylhexy1)phthalate 149 167 279

Di-n-octylphthalate 149 167 43

Benzo(b)fluoranthcne 252 253 125

Benzo(k)fluoranthene 252 253 125

Benzo(a)pyrene 252 253 125

PervLene-dI2 (internal Standard). 264 260 265

Indcno1(I,23-cd)pyrcne 276 138 277

Dibenz(a,h')anthracene 2819279

LBenzo(g,,ht)pc _lene 27638 277
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Table 8

Additional Appendix IX Analytes in Approximate Retention Time Order and Characteristic Ions

Analyic ___imary Secondary Tertiary
2-Picoline 93 66 92
N-Nitrosoinethylcthylaminc 88 42 43
Methyl methanesulfonate 80 79 65
N-Nitrosodiethylannine 102 44 57
Ethyl niethaneSUlfonate 79 109 97
Pentachloroethane 117 119 167
Acctophenone 105 77 120
N-Nitrosopyrrolidine 100 41 42
N-Nitrosomorpholinc 116 56 86
o-Toklidine 106 107
3-Methylphenol lOS 107 77
N-Nitrosopiperidine 114 42 55
o,o,o-Triethyl-Phosphor-othiioate 198 121 93

0 Z-Diimelhyl-pheilethylam iiinc 58 91
2,6-Dichlotophenol 162 16(A 63
I lexachloropropene 213 215 211
p-Phenylenediamine 108 80
n-Nilrosodi-n-butylaincn 84 57 41
Sall-ole 162 104 77
1,2 ,4 ,5-Tetrachlorobenzene 216 214 218
Isos'afrole I 162 104 131
Isosafrole 2 162 104 131
1.4 -Dinniiobenzene 168 75 122
1,4-NaphlfloqUinone 158 104 102
I1,3-Dinitiobenzcne 168 75 76
Pentachlorobenzenc 250 248 252
I -Naphthylamiine 143 115
2-Naphthylainine 143 1152.3.4, 6 -Tetrachlorophenol 232 230 131
5-Nilro-o-wiluidinc 152 77 106
Thionazi n 97 96 143
I,3,5-Trinitrobenzene 213 75 120
SUiiifoiCPP 97 322 202
Phoraite 75 97 121
Phenacetin 108 179 109
Dial late 86 234
Dimeihoate 87 93 125
4-Aminobiphenyl 169
Pentachloroniirobenzene 237 142 214
Pionamide 173 1 75 255
Disullfoton 88 97 89
2-~ecbultyl-4,6-dinitioplienoI (Dinoseb) 211 163 147
Methyl parathion 109 125 263

4-Nitroguinoline- I -oxide ~~~190 128 160
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Table 8

Additional Appendix IX Analytes in Approximate Retention Time Order and Characteristic Ions

Analyte Primary ScnayTertiar

Famphur 218 125 93

Methapyrilene 97 58

Aramnite I 185 319

Aramnite 2 185 319

p)-(Dirncthylarnino)azobenzefle 120 225 77

p-Chlorobenzilate 251 139 253

3,3-Dirnethylbenzidine .212 106 _________

2-Acetylarninofluorene 181 180 223

Dibenz(a~j)acridine 279 280

7,1 2-Dirnethylbcnz(a)anthracene 2641120

3-Methylholanthrenc 6 5 253

Table 9

8270C [CS Control Compounds

LCS Cornpounds Spiking Level, Cone. Added 2 u'I

I ,2,4-Trichlorobenzenc 20

Acenaphthene 20

2,4-Dinitrotoluene 20

Pyrene 20

N-Nitroso-di-n-propl ic20

I1,4-Dichlorobenzene 20

Pentach lorophen ol ~~~~~~~~20
Phenol 20

-2-Chlorop~henol 20

-4-Chloro-3-rnethyI2henol 20

4-Nitrophenol 20
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Table 9A 82'70C All Analyte Spike Mix

BNANPDES Methanol

Aconaphtheno 0

Acenaphthylene 0

An h ra cone 0

lBonzo(a)arnthracene

Bonzo(b) Ii toranthene Mtao 0

FBctzo(k)fliroranthene o

Beonzo(a)pyrence0

Benzo(ghi)pcirylen 100

BenzyI biltt I )hthulalc ate

[3 is(2-cha locothyl )cther 0

3i s( 2-chloroc lthe y) mieitil ha ti

100

134-ethyolcn Iey )pheI th late

2-Chlorona ~~~~~~~~~~100
4i(-Chloropl opcn y el )otho

Chr ~~~~~~~~~~~~100
D-lbrnzo a,honI)hon I aether1

100

2 3-DC hiovoen aiitha101

4 ,-Ch cllorobonzlehnyoter 100

1,4-Dichilor oenzono (00
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Table 9A 8270C All Analyte Spike Mix

BNANPDES Methanol

100
3,3'-Dichlorobenzidine

100
Diethyl phthalate

100
Dimethyl phithalate

IOU
2,4-Dinitrotoluene

100
2,6-Dinitrotoluene

1(0
Di-n-octylphthalate

100
Fluoranthene

100
Fluorene ______

(oU
Hexac hiorobenuzene

100
Hex achlIorobu tadiene ______

100
Hexachloroethane

100
Indeno(1I,2,3-cd)pyrene

IOU
Isophorone

100
Naphthalene

100
Nitrobcnzene

IOU
N-Nitrosodi-n-propylamine

100
Phenanthrene

100
Pyrene

100
I1,2,4-Trichlorobenzene

100
4-Chloro-3-rnethylphenol

100
2-Chloropeo

100
2,4-Diclilorophenol

100
_______________2.4-Dimethylphenol



8 771 3 57
CC/MS ANALYSIS BASED ON METHOD 8270C SOP No: CORP-MS-OOOINC

Revision No: 2.10

Revision Date: 02/24/04
Page 45 of 50

Table 9A 8270C All Analyte Spike Mix

BNANPDES Methanol

2,4-Dinitropheowl 100

2-Methyl-4,6-dinitrophenol 100

2-Nitrophenol ~~~~~~~100
2-N itrophenol 0

Pentachlorophenol 100

Phenol 0

2,4,6-Trichloropheiiol 100

Acelophenone 100

Alrazine 100

CaprolakCtUii n 00o

Benzaldehydc 100

1,1'- 13 i phleyl 100

Sali-ole 100

I1,4-Dioxanc 100

P`rona Imid (I I00

j)-Chlotobeinzilate 100

Phenacefin 100

Ethyl methanCSuLIfonate 100

2-Picoline 100

Phorate 100

Quinoline 100
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Table 10

TCLP LCS Compounds

LCS Compouns piin Lee, mng/L in extract

I1,4-Dichlorobenzene 0.08

2,4-Dinitrotoluene 0.08

Hexachlorobenzene 0.08

Hexachlorobutadiene 0,08

H-exachloroethane 0 08

2-Methylphenol 0 08

3-Methylphenol 0.08

4-Methylphenol 0.08

Nitrobenzene 0.08

Pentachlorophenol 0.08

Pyridine 0.8

2,4,5-Trichlorophenol 0 08

112,4,6-Tinch lorophenol 0 08 ~

Recovery limits for the LCS and for matrix spikes are generated from historical data and are maintained by the QA

dep artmecnt.

Table I I

8270C Surrogate Compounds

________S__rrogate___Compounds ____ SpikingLevel,_Cone._Added =20_ug/L /30_ug/L

Nitrobenzene-d5 ~~~~~~~~~~~20
2-Fluorobiplienyl ~~~~~~~~~~20

Jen henvl-dl4 ~~~~~~~~~~~~20
-1,2-Dichlorobenzene-d4' ~~~~~~~20
Phenol-d5 ~~~~~~~~~~~~~~30

2-Fluorophenol 30

2,4,-Tniromoheno 30

2-Chloroplienol-d4' 30

Recovery limits for surrogates are generated from historical data and are maintained by the QA department.
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Table 12
Calibration Ranges, pg/mL

,Analyte Calibration Range
Pyridine 0.25-12.5 ug/mL
N-n itrosodimnethylainine 0.25-l2.5 ug/nl-
Aniline 0.25-12 5 ug/mnL
Phenol 0.25-12.5 ug/rnL
B is(2-ch loroethyl )othcr 0.25-12.5 ug/mL
2-Ch lorophenol 0.25-12.5 ug/mnL
I1,3-Dichilorobenzene 0.25-12.5 tig/nl,
I1,4-Dictilorobenzene 0.25-12.5 ug/rnL
Bonzyl alcohol 0.25-12.5 ug/rnL
I1.2-Dichlorobenzcne 0.25-12.5 ugninL
2-Mci hyl phenol 0.25-12.5 Ug/ml-
2,2'-oxybis(l-chloropropanc)' 0.25-12.5 ug/nl-
4-Methyl phenol 0.25-12.5 ug/nl-
N-N itroso-d i-ii-jpopylamini l 0.25-12.5 uig/ml-
I loxach lorocthano 0 25-12.5 ug/ml-
Nitrobenzenc 0.25-12,5 ug/ml-
Isophorone 0 25-12.5 Lig/mL-
2-Ni Irophenol 0.25-12.5 Ug/ml-
2,4-D inmehylphenol 0,25-12 5 ug/mL
Bonyojo acid 0.25-12.5 ug/rnL
rBis(2-chilo-oe~ihoxy)inocthiano 0.25-12,5 ug/il-
2,4-Dichloropheinol 0.25-12.5 Lig/MiL
I1.2,4-Trichlorobconzeno 0.25-12.5 Lig/il-
N aphithale ne 0.05-10 ug/miL
4-Ch lomani line 0.25-12.5 ug/il-
II oach lorobLtadi one 0.25-12.5 ug/il-
4-Ch loro-3nmothylphonol 0.25-12.5 ugfml-
2-Mcillyliniplithalene 0.05-1 0 ug/rnL
I-lexaichlorocycolpentadjclenic 0.25-12.5 ug/nl-
2,4,6-TrichlIor-oplienol 0.25-12.5 ug/rnL
2,4,5-Trichlorophenol 0.25-12.5 Ug/nl-
2-Ch loronaphitha lone 0.25-12.5 Llg/IflL

Dinmethyl plhthalate 0.25-12.5 iUg/ML
Aeorn ap thylc no 0.05- 10 ug/mL
3-Nitroanifino 0 25-12.5 ug/rnL
A conaphdi he no005-1 0 ug/miL
2,4-D)in itroplhenol 0.25-12.5 Lig/nl-
4-Nil rophionol 0.25-12.5 ug/iL.
Dibonzof'uran 0.25-12.5 ug/nl-
2,4-Dini11010oIuene 0.25-12.5 ug/mL
2,6-Di nitrotoluenon 0 25-12.5 ughnL
IDiothylphthialate 0.25-12.5 itg/Inl.
4-Chloroplienyl phonyt ether, 025-12.5 Ug/~l-
Fluorone 0.05-10 ug/ml-
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Table 12

Calibration Ranges, pg/mL

Analyte Calibration Range

4-Nitroaniline 0.25-12 5 uglmL-

4,6-Dinitro-2-methylphenol 0.25-12.5 ug/nmL

N-Nitrosodiphenylamine 0.25-12.5 u mL

Azobenzenc2 0.25-12.5 ug/mL

4-Bromophenyl phenyl ether 0.25-12.5 ug/mL

Hexachlorobenzene 0.25-12.5 ug/mL

Pentachlorophenol 0.25-12.5 ug,/mL

Phenanthrene 0,05-10 ug/mL-

Anthracene 0.05-10 ug/mL

Carbazoie 0.05-10 Void-

Di-n-butyl phthalate 0.25-12.5 uglmL

Fluoranthene 0.05-10 ug/nnL

Benzidine 0 25-12.5 ug/mL

Pyrene 0.05-10 ugmL

Butyl benzy Iphthalatc 0.25-12.5 ugl/mL

3,3'-Dichlorobenzidine 0.25-12.5 ug/mL

Benzo(a)anthracenc 0 05-10 ug/mL

li s( 2-ethy lhcxYl)phthalate 0.5-2 n /l-

Chrysene 0.05-1 0 ug/inL

Di-n-octylphtlialate 0.25-12.5 ug/mL

Benzo( b)fluoranthenec 0.05-10 ug/mL

Benzo(k)fltuoranthene 0.05-10 VgmL

Benzo(a)pyrenc 0 05-10 uga/ml-

Indeno(1I,2,3-cd)pyrene 0 05-10 ug/mL

Dibenz(a,lh)andthaccne 0.05-1 0 ug/~mL

Benzo(g~h,i)perylcnc 0.05- 10 U/ri m

Benzaldehydc ~~~~~~~~0 25-12.5 ug/mL

Caprolactamn 0,512 mL

l1,l'-Bi hien I 0.25-12.5 ug/mL

Atrazine 0 25-12 5 ug/mL

2,2'oxybis( I-chioropropane) was formerly known as bis(2-ehloroisopropyl)ether

2 Azobenzene is formed by decomposition of I1,2-diphenyhydrazine. If I1,2-diphenylhydrazine is requested, it will be

analyzed as azobenzene.

Note: Nine calibrations standards are prepared varying in concentration from 0.05 ug/nmL to 12.5 ug/mL. A minimum

ofs5 calibration concentrations will be used for initial calibration . The concentration range of each analyte is listed in

the table.
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Table 13

Calibration Ranges, Appendix IN, pg/mL

Semivolatiles ~~~~~~~~Calibration Range
2-Picoline 0.25-12.5 ug/inL
N-Nitrosoincthylethylaminen 0.25-12.5 Llg/mL
Methyl inethanesulfonate 0.25-12.5 ug/mL
N-Nitrosodicthylamnine 0.25-12.5 uglmL
Ethyl methanesul fonate 0.25-I2.5 ug/mL
Pentac hloroct hane 0.25-12.5 Ug/mL
AcetopheCTnon 0.25-12.5 ug/ml-
N-Nitrosopyr-ol id inc 0.25-12.5 Ug/rnL
N-N itrosonmorpholine 0.25-12.5 ug/mL
o-To uindine 0.25-12.5 ug/mL
3-Mci hyl phenol 0.25-12.5 ug/mL
N-Nitrosopipcrid inc 0.25-12.5 ug/ml-
o~o,o-Tricilhyl-Phosphlo-o(ihioaitc 0.25-12.5 Lig/il,
a,ai-Dimetliyl-phicncthylaminiic 0.2-12.5 Lng/rnl-
2,6-Dich lorophenol 0.25-12.5 Lig/naL-
Hcexachloropi-openc 0.25-12.5 ug/il-
p-Pheny lencdiam inc 0.25-12.5 ug/ml-
n-Ni trosoc i-n-hUtyla m in1c 0.25-12.5 ug/mL
Safrole 0 25-12.5 Ug/mL
I1,2,4,5-Tetrachlorobcnzecne 0.25-12.5 ug/mL
Isosafrole I + 2 0.25-12 5 ug/mL
I1,4-ljininobcnzenc 0.25-12.5 ug/nl-
1,4-Naplithoqlui nonc 0.25-12.5 Ug/mL
I1,3-Dinitiobenzcnc 0.25-12.5 LAgfmL
PentachlIorobcnzenc 0.25-12.5 ug/inL
I -Naphthylamiinc 0.25-12.5 ug/iL-
2-Naphthylam inc 0.25-12.5 ug/miL
2.3,4.6-1'ttictraloirophienol 0.25-12.5 ug/il-
5-N itro-o-bol iidine 0.25-12.5 Ug/imL
Thionazin 0.25-12.5 Lig/rnL
I ,,5-Trinitrobenzenc 0.25-12.5 ug/rnL
Sulfotepp 0.25-12.5 ug/miL
Phorate 0.25-12.5 Ug/miL
Phenacetin 0 25-12,5 ug/il-
Diallate I + 2 0.25-12.5 Ug/HIL
Di met hoate 0.25-12.5 ug/il-
4-Anunobiphenyl 0.25-12.5 ug/nmL
Pen lachlIoron itrobe nzene 0.25-12.5 ug/miL
Pronam ide 0 25-12.5 ug/mL,
Disulfoton 0 25-12.5 Ug/miL
-2-sccbtilyl-4,6-cliiitrophcenol (D~inoscb") 0 25-12.5 u/n-AL
Methyl parathion 0.25-12 5 ug/mL

14-Nitroquinolfinc-I-OX'de 0.25-12 5 Lig/il-
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Table 13

Callbration Ranges, Appendix IX, p~g/niL

Sernivolatiles Calibration Range

Parathion 0.25-12.5 ug/mL

Isodrin 0.25-12.5 ug/mL

Kepone 0.25-12.5 ug/mL

Famphur 0.25-12.5 ug/mL

Methapyrilene 0.25-12.5 ug/mL

Aramite I and 2 0.25-12.5 uglnmL

p-(Dimethylamino)azobenzene 0.25-12.5 ug/mL

-Chlorobenzilate ~~~~~~~~0.25-12.5 ug/mnL

3,3'-Dimethyibenzidine ~~~~0.25-12.5 ug/nL-

2-Acetylaininofluorene ~~~~0.25-12.5 ug/mL

Dibenz (aj~~~~~acridine ~~0.25-12.5 ug/mL

7,112-Dimethylbenz(a)anthraccne 0.25-12 5 ug/rnL

3-Methylcholanthrene 0.25-12.5 ug/mL

Note: Nine calibrations standards are prepared varying in concentration frorn 0.05 ug/mLt to 12 5 uglrfL- A minimumn

of 5 calibration concentrations will be used for initial calibration . The concentration range of each arnalyte is listed in

the table.
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SCOPE AND APPLICATION

This SOP describes procedures for analysis of organic analytes by Gas Chromatography (GC) The

procedures are based on SW-846 methodology and are applicable for measurements made to comply with

the Resource Conservation and Recovery Act (RCRA). Individual analytes and methods are described in

the appendices. Appendix G describes procedures for the analysis of petroleum hydrocarbons by SW-846

8015B methodology Appendix H includes criteria for the analysis of non -halogenated organic compounds

by Method S0l5B3, Direct Injection. Appendix I describes the analysis of Phillips 66 analytes by Method

8015B.

2. SUMMARY OF METHOD

In general, semnivolatile analytes in aqueous samples are prepared for analysis using continuous or

separatory funnel liquid!/ liquid extraction or solid phase extraction (SOP # CORP-OP-OOOINCNC) Solid

samples are prepared using sonication, Soxhlet or pressurized fluid extraction (SOP if CORP-OP-0001I NC).

Volatile analytes are prepared for analysis using purge and trap methodology (Appendix A).

After ihe initial preparation step, the sample is introduced to the GC and concentrations of target analytes

are measured by the detector response within a defined retention time window, relative to the response to

standard concentrations. Internal or external standardization procedures are used as specified in the method

appendices.

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

Contamination by carryover can occur when a low concentration sample is analyzed after a high

concentration sample. In addition, some purge and trap autosamplers are susceptible to port specific

contamination. Co-elution of target analytes with non-targets can occur, resulting in false positives or

biased high results. In particular, this is a problem with non-selective detectors such as the Flamre Ionization

Detector (lID). See the appendices for interferences specific to individual tests and suggested corrective

actions.

5. SAFETY

51 Employees must abide by the policies and procedures in the Corporate Safety Manual, Radiation Safety

Manual and this document.

5.2. Eye protection that prevents splash, laboratory coat, and appropriate gloves Must be worn while

samples, standards, solvents, and reagents are being handled. Disposable gloves that have become

contaminated wiillbe removed and discarded; other gloves will be cleaned immediately Refer to the

STL North Canton Chemical Hygiene plan for acomplete description of personal protection equipment.

Latex, Nitrile and vinyl gloves all provide adequate protection against the methanol used in this

method.

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.
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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 Limit Signs and symptoms of exposure
________________ ~~~(2) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Flammable 200 ppm-TWA A slight irritant to the mucous membranes.
Methanol Poison Toxic effects exerted upon nervous system,

Irritant particularly the optic nerve. Symptoms of
overexposure may include headache,
drowsiness and dizziness. Methyl alcohol is a
defatting agent and may cause skin to become
dry and cracked. Skin absorption can occur;
symptoms may parallel inhalation exposure.

_____________ ~~~~Irritant to the eyes.
Flammable 1000 ppm-TWA Inhalation of vapors irritates the respiratory

Acetone tract. May cause coughing, dizziness, dullness,
______________ ~and headache.

I1clxanc Flammable 500 ppml-TWA Inhalation of vapors irritates the respiratory
Irritant tract. Overexposure may Cause

lightheadtedness, nausea, headache, and blurred
vision. Vapors may cause irritation to the skin

________________ ~~~~~~and eyes.
Methylerne Carcinogen 25 ppmn-TWA Causes irritation to respiratory tract. Has a
Chloride Irritant 125 pprn-STEL strong narcotic effect with symptoms of mental

confusion, light-headedness, fiatigueI, nausea,
vomiting and headache. Causes irritation,
redness and pain to the skin and eyes.
Prolonged contact canl causc burns. Liquid
degreases the skin. May be absorbed through

_____________ ~~~~~skin.
S~ul furic Acid~ Corrosive- I Mg/M3-TWA Inhalation produces damaging effects onl the

Oxidizer mucous membranes and upper respiratory
Dehydrator tract. Symptoms may include irritation of the
Poison nose and throat, and labored breathing.
Carcinogen Symptoms of'redness, pain, and severe bum

can occur. Contact canl cause blurred vision,
redness, pain and severe tissue burns. Can

____ ___ ___ ____ ___ ___ ____ __ ___ ____ ___ ___ ___ cause b lindn ess.
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MTBE Flammable None established Excessive exposure may cause irritation to the

Irritant nose, throat, lungs, and respiratory tract.
Central nervous system effects may include

headache, dizziness, loss of balance and

coordination.

THE Flammable 200 ppm TWA Causes skin and eye irritation. Irritating to

Irritant mucous membranes and uppcr respiratory

Possible tract.
Carcinogen

Isooctane Flammable None Established May cause eye, respiratory tract and skin

Irritant irritation.

Corrosive 5 ppm-Ceilig inhalation of vapors can cause coughing,

Hydrochloric Poison choking, inflammation of the nose, throat, and

Acid upper respiratory tract, and in severe cases,

pulmonary edema, circulatory failure, and
death. Can cause redness, pain, and severe

skin bums. Vapors are irritating and may cause

damage to the eyes. Contact may cause severe

bumns and pemanent eye damage. .

Sodium Corrosive None Listed Contact may cause skin/eye bums. Inhalation

Bisulfate can cause imrtation of the respiratory tract with
burning pain in the nose and throat, coughing,
wheezing and shortness of breath. Causes

chemical burns to the respiratory tract. May

cause fatal spasms, inflammation or

_____ ____ ____ ____ ____ ____ pulmonar-y/resp iratory edema.

I- Always add acid to water to prevent violent reactions.

limit refers to the OSH-A regulatory exposure limit.

5.4. Opened containers of neat standards will be handled in a fumne hood.

5.5. Sample extracts and standards, which are in a flammable solvent, shall be stored in an explosion-proof

refrigerator.

5.6. When rising hydrogen gas as a carrier, all precautions listed in the CSM shall be observed.

5.7 Standard preparation and dilution shall be performed inside an operating fumne hood.

5.8. The gas chrorinatograph contains zones that have elevated temperatures. The analyst needs to be

aware of the locations of those zones, and must cool them to room temperature prior to working on

them.

5.9 There are areas of high voltage in both the gas chrornatograph and the mass spectrometer. Depending

on the type of work involved, either turn the powver to the instrument oftf, or disconnect it from its

source of power.
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6. EQUIPMENT AND SUPPLIES

6.1. Ant analytical system complete with a gas chromatograph is required. A data system capable of
measuring peak area and/or height is required. Recommended equipment and supplies for individual
methods are listed in each method appendix.

7. REAGENTS AND STANDARDS

7.1. Stock Standards

Stock standards are purchased as certified solutions or prepared from pure solutions. Stock standards
for method 802 18 are stored at -10 to -200C Other stock standard Solutions are stored as recommended
by the manufacturer. All stock standards must be protected from light. Stock standard solutions should
be brought to room temperature before using.

Sermivolatile stock standard solutions must be replaced after one year Stock standards of gases must
be replaced at least every week, unless the acceptability of the standard is demonstrated (Less than
20% drift from the initial calibration is an acceptable demonstration). Other volatile stock standards
must be replaced every 6 months or sooner if comparison with check standards prepared from an
independent source indicates a problem.

7.1.1. Expiration times for all standards are measu red from the time the standard is prepared or from the
tme that the standard am poule is opened, if the standard is supplied in a sealed ampoul e. If a

vendlor-S~ipplied standard has an earlier expiration (late ihen that (late is used.

7.2. Cal ibration Standai (is

7.2.1. Volatile Calibration Standards

The procedu~re for preparation of volatile standards is given in Appendix A.

7.2.2. Senivolatile Calibration Standards

Semiivolaitile calibraition statiidairdISareprepar-ed as diluitios of the stock standards. Surrogates and
iinternal standards are used as specified in the method append ices. Semnivol atilIc calibration
solutions must be refrigerated at <6"C and protected from light. The standards must be replaced at
least every six months or sooner if comparison with cheek standards indicates a problem.

7.3. Gases for carrier and make-up: Hydrogen, Helium, Nitrogen, Argon/Methanec.

7.4. Quality control (QC) Standards

QC standards (matrix spiking and LCS standards) are prepared and stored in the same way as calibration
standards, They munst be made fromt a stock independent from the calibration standards.

8. SAMPLE PRESERVATIION AND STORAGE

Sem~iVolatile extracts mu11st be refrigerated at <6"C and analyzed within 40 days of the end of the extraction.
Volatile sample storage conditions and holding times are given in Appendix A.

9. QUALITY CONTROL

9.1. Initial Denionstration of Capability

9.!.1I. For the standard analyte list, the initial demonstration and method detection li init (MDL) studies
described in Section 13 must be acceptable before analysis of samples may begin.
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9.1 2. For non-standard analytes, a MDL study must be performed and calibration curve generated before

analyzing any samples, unless lesser requirements are previously agreed to with the client. In any

event the minimum initial demonstration required is analysis of an extracted standard at the

reporting limit and a single point calibration.

9 2 Batch Definition

Batches are defined at the sample preparation stage. Batches should be kept together through the

wvhole analytical process as far as possible, but it is not mandatory to analyze prepared extracts on the

same instrument or in the same sequence. Refer to the STL North Canton QC Program document (QA-

003) for further details of the batch definition.

9.2.1. Quality Control Batch

The batch is a set of up to 20 samples of the same matrix processed using the same procedures and

reagents within the same time period. The Quality Control batch must contain a matrix spike / spike

duplicate (MS/MSD), a Laboratory Control Sample (LCS), and a method blank Laboratory

generated QC samples (Blank, LCS, MSIMSD) do not count towards the maximum 20 samples in a

batch. Field QC samples are included in the batch count. In some cases, at client request, the

MS/MSD may be replaced with a matrix spike and sample duplicate. If insufficient sample is

available for an MS/MSD a LCSD may bc substituted

9.3. Control Limits

In-house historical control limits must be determined for surrogates, matrix spikes, and laboratory

control samples (LCS). These limits must be determined at least annually. The recovery limits are mfean

recovery +1- 3 standard deviations, unless that limit is tighter than the calibration criteria, in which ease

limits may be widened. Refer to policy QA-003 for more details.

9 3.1. These limits do not apply to dilutions (exccpt for tests without a separate extraction), but surrogate

and matrix spike recoveries will be reported unless the diurtion is pore than 5X

9.3.2. All surrogate, LCS, and MS recoveries (except for dilutions) must be entered into QuantiMS (when

available) or other database so that accurate historical control limits can be generated. For tests

without a separate extraction, surrogates and matrix spikes will he reported for all dilutions.

9.3.3. Refer to the QC Program document (QA-003) for further details of control limits.

9.4. Surrogates

All methods must use surrogates to the extent possible. Surrogate recoveries in samples and QC

samples must be assessed to ensure that recoveries are within established limits. If any surrogates are

outside limits, the following corrective actions must take place (except for dilutions)

* Check all calculations for error.

* Ensure that instrument performance is acceptable.

* Recalculate the data and/or reanalyze the extract if either of the above checks reveal a problem

* Reprepare and reanalyze the sample or flag the data as "Estimated Concentration" if neither of the

above resolves the problem. Repreparation is not necessary is there'is obvious chromatographic

interference.

* The decision to reanalyze or flag the data should be made in consultation with the client. It is only

necessary to reprepare / reanalyze a sample once to demonstrate that poor Surrogate recovery Is

due to matrix effect, unless the analyst believes that the repeated out of control results are not due

to matrix effect.
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9.4.1. If dual column analysis is used the choice of which result to report is miade in the same way as for
samples (Section 12.1.2) unless one column is out of control, in which case the in-control result is
reported.

9.4.2. If the surrogates are out of control for the sample, matrix spike, and matrix spike duplicate, then
matrix effect has been demonstrated for that sample and repreparation is not necessary. If the
sample is out of control and the MS and/or MSD is in control, then repreparation or flagging of the
data is required.

9.4.3. Refer to the STL North Canton QC Program document (QA-003) for further details of the corrective
act ions.

9.5. Method Blanks

For each batch of samples, analyze a method blank. Thle method blank consists of reagent water for
aqueous semtivolatile samples, and sodium sulfate for seminvolatile soils tests (Refer to SOP No. CORP-
OP-OOOINCNCfor details). For low level volatiles, thei method blanikconsists of reagent water. For
mnedium level volatiles, the method blank consists of methanol as described in Appendix A. Surrogates
are added and the method blank is carried through the entire analytical procedure. The method blank
must not con ta in any aina yte of interest at or above thie reporting I'mit (except common laboratory
contamninants, see below) or at or above 5% of the measured concentration of that analyte in the
associated samp les, whichever is higher.

IC the analyte is a common laboratory contaminant (mnethylenec chloride, acetone, 2-butanone, phthalate
esters) the data may be reportled with q ualifticers if ihc concent rat ton of the analyte is less than five ti ries
the reporting limit. Such action must be taken Inl Consultation with the client.

Re-extraction and reanalysis of samples associated With an unacceptable method blank is required when
replortable concentrations are determined in the saimpilos.

li fthcr is no target anialyte greatecr than thie RL in the samples associated With anl unacceptable method
blank, thie data mnay be reportcel with qWaltfers Such action shouild be taken in con1sultation with tile
client.

9.5.1. Refer to the STL North Canton QC Programn d0cumenta (QA-003) for further details of the corrective
act ions.

9.6. Instrument Blanks

9,6.1. An instrument blank must be analyzed during any 12-hIOurI period of analysis that does not contain
a method blank.

9.6.2. An instrument blank consists of the appropriate solvent with internal standards added, If internal
standards are not usedI the surrogates should be added.

9.6.3 Control criteria are the stame as for the method blank, except that only reanalysis of affected
samiples wotild be required, not re-exutact ion.

9.7. [Laboratoty Control Samples (I-CS)

For each batch of samrples, analyze a LCS. Thle LCS contains at representative subset of the analytes of
interest, and must contain thle same a na lytes as the matrix spike. The LC S may also contain the fit I set
of an aalytes With] a Subset of control ain a ytes. If anmy control ana lyte or Sitrrogate is outs ide established
control li muits, the system is out of control andt corr ective action inust occur. Corrective act ion will
normal ly be repreparation and reanalysis of thle batch; however, iftheli matrix spike and matrix spike
duplicate are within limits; the batchn nay be acceptable
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9.7.1. Refer to the STh North Canton QC Program document (QA-003) for further details of the corrective

action.

9.7.2. If dual column analysis is used the choice of which result to report is made in the same way as for

samples (Section 12.1.2) unless one column is out of control, in which case the in control result is

reported.

9.7.3. LCS compound lists are included in the appendices.

9.8. Matrix Spikes

For each QC batch, analyze a matrix spike and matrix spike duplicate. Spiking compounds and levels are

given in the appendices. Compare the percent recovery and relative percent difference (RPD) to those

in the laboratory specific historically generated limits.

* If any individual recovery or RPD falls outside the acceptable range, corrective action must occur.

The initial corrective action will be to check the recovery of that analyte in the Laboratory Control

Sample (LCS). Generally, if the recovery of the analyte in the LCS is within limits, then the

laboratory operation is in control and analysis may proceed.

* Ifithe recovery for any component is outside QC limits for both the Matrix spike / spike duplicate

and the LCS, the laboratory is out of control and corrective action must be taken. Corrective action

will normally include repreparation and reanalysis of the batch.

* If a MS/MSD is not possible due to limited sample, then a LCS duplicate should be analyzed.

* The matrix spike / duplicate must be analyzed at the same dilution as the unspiked sample, unless

the matrix spike components would then be above the calibration range.

9.8.. If dual column analysis is used the choice of which result to report is made in the same way as for

samples (Section 12.1 2) unless one column is out of control, in which case the in control result is

reported

9 9 Quality Assurance Summaries

Certain clients may require specific project or program QC that may supersede these method

requirements. Quality Assurance Summaries should be developed to address these requirements.

9 10. STL Nor th Canton QC Program

Further details of QC and corrective action guidelines are presented in the STL QC Program document

(QA-003) Refer to this document if in doubt regarding corrective actions.

10. CALIBRATION AND STANDARDIZATION

Internal or external calibration may be used. Internal calibration is recommended unless the sample matrix is

likely to interfere with the quantitation of the internal standard. In either event prepare standards containing

each analyte of interest at a minimum of five concentration levels. The low level standard should be at or

below the reporting limit. The other standards define the working range of the detector. Recommended

calibration levels are given in the appendices.

10.1. A new calibration curve must be generated after major changes to the system or when the continuing

calibration criteria cannot be met. Major changes include new columns, changing PID lamps or FID jets

or replacing the ECD detector. A new calibration is not required after clipping the columnn, replacing the

septum or syringe, or other minor maintenance.
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10.2. With the exception of 10.3 below, it is NOT acceptable to remove points from a calibration curve for the
purpose of meeting criteria, unless the points arc the highest or lowest on the curve AND the reporting
limit and/or linear range is adjusted accordingly. In any event, at least 5 points must be included in the
calibration curve. Quadratic (second order) calibrations require at least six points. Third order
calibrations require at least seven points.

10.3. A level may be removed from the calibration if the reason can be clearly documented, for example a
broken vial or no purge run. A minimum of live levels must remain in the calibration. The
documentation must be retained with the initial calibration Alternatively, if the analyst believes that a
point on the curve is inaccurate, the point may be reanalyzcd and the reanalysis used for the calibration.
All initial calibration points must be analyzed without any changes to instrument conditions, and all
points must be analyzed within 24 hours.

10.4. External standard calibration

Quantitation by the exter nal standard method assumes a proportional relationship between the
calibration run and the analyte in the sample. TO use this ,approach, introduce each calibration standard
into thie GC using the technique that will be used for samples. The ratio of the peak height or area
response to the mass or concentration injected may be rtsed to prepare a calibration curve

Cadihraiion I aclor ( CE) = Aica or Height v/Peak
Mass 19yected (ng)

Some data systems may use the inverse of this froruila. This is acceptablc so long as the same formiula
is used for standards and samuples. It is also possible to use the concentration of the standard rather
than thie mass i iiiected. (This would req u ire changes in thle equations used to calculate the sample
concernrations). Use ofipeak area or height must be consistent. However, ifirmatrix interfer ences would
make quantitatiOn using peak area inaccurate for' a parti1cular sxample, then peak height nay be used as a
subst mute.

10.5. Internal standard calibration

1 0.5. I. The internal] standard approach assu mes that variations in instrument sensitivity, amou nt injected
etc. can be corrected by determining the ratio of the response of the analyte to the response ofan
interna I standard that has been added to the extract. To use this ,approach, select one or more
internal standard~s) that are similar in analytical behavior to thle Compounds of interest.
Recommended internal standards arc given in the appendices. The analyst must demonstrate that
the mneasurementl of the internal standard is not affected by method or matrix interferences. If the
samrple matrix interferes with quarntatamion of the internal standard, then the external standard
,approach anust be used in stead. In this event use the response factors from the preyvions
continuing calibration to quantitate the anialytes in the sample with the interference (applies only to
thle sample with thie interference).

10.5.2 Introduce each calibration standard into thle GC using thle technique that will be used for samnples.
Response factors (R F) for each compound are calculated as follows.
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PF=
A,. x C

Where:
A, = Response for the analyte to be measured
A,, - Response for the internal standard
C,, - Concentration of internal standard

C, -Concentration of the analyte to be determined in the standard

10.6. Calibration curve fits

Average response factor, linear regression, or quadratic curves niay be used to fit the data. Average

response factor may be used if the average % RSD of the response factors or calibration factors of all

the analytes in the calibration standard taken together is <20%. The average %RSD is calculated by

summing the RSD value for each analyte and dividing by the total number of analytes.

106.1.LIn general, for environmental analysis, average response factors are the most appropriate

calibration model. Linear or curved regression fits should only be used if the analyst has reason to

believe that the average RF model does not fit the normal concentration/response behavior of the

(let ecto r.

10 62. Average response factor

The average response factor may be used if the average percent relative standard deviation

(%RSD) of all the response factors taken together is< 20%.

The equation for average response factor is.

A verage response fiitor = RF - 1=1
11

Where: n = Number of calibration levels

Z RF = Sum of response factors for each calibration level
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10.6.3. Linear regression

The linear fit uses the following functions:

10.6.3.1. External Standard

v = ax + b

or

= (y -b)

Where: y = Instrument response
x = Concentration
a = Slope
b = Intercept

10.6.3.2. Internal Standard

- -, b

Where: C, Concentration in the sample

A = Area of target peak in the sample

A.= Area of internal standard in the sample

C> = Concentration of the internal standard

10.6.4. Quadratic curve

The quadratic curve tises the following lfunet 0ons:

10.6.4.1. External standard

Al = ax + ex + b

Where c is the Curvature
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10.6.4.2. Internal Standard

y=a t tY A5 b

10.7. Evaluation of calibration curves

10.7.1. The percent relative standard error (%RSE) from the calibration curve is used to evaluate the initial
calibration This provides a measure of how much error is associated with using the calibration
curve for quantitation.

10 7.2. The least squares regression line is calculated and used to calculate the predicted concentration for
each level. The percent relative standard error is calculated as follows:

Nv LU' PC,

% RSE = 100% x (N-

Where
N= Number of points in the curve
P = Number of parameters in the Curve (- I for average response factor, 2 for

linear, 3 for quadratic)
C, =True concentration for level
P~jf Predicted concentration for leveli

Note that when average response factors are used, %RSE is equivalent to

%RSD.

I10.8. The foll Iowin g requirements must be met for any cali bration to be used:

* Response must increase with increasing concentration.
* If a curve is used, the intercept of the curve at zero response must be less than± the reporting limit

for the analyte.
* The average Relative Standard Error (RSD for average response factors) of the calibration points

from the curve used must be < 20%.
* Some data systen-s will not measure the %RSE from a linear or quadratic fit. For the linear case, the

correlation coefficient may be used as an alternative to the %RSE, and must be greater than or
equal to 0.990. For the quadratic case the Coefficient of Determination may be used, and must be
greater or equal to 0 990.

Note. The Relative Standard Error (RSE) is superior to the Correlation Coefficient (r) and Coefficient of
Determination (r2) for testing the fit of a set of calibration points to a line. The lower points on a curve
have little effect on,;. As a result a Curve may have a very good correlation coefficient (>0 995), while
also having > I100% error at the low point
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10.9. Weighting of data points

10.9.1. In linear and quadratic calibration fits, the points at the lower end of the calibration curve have less
absolute variance than points at the high concentration end of the curve. This can cause severe
errors in quantitation at the low end of the calibration. However, in environmental analysis,
accuracy at the low end of the curve is very important. For this reason it is preferable to increase
the weighting of the lower concentration points. I/Concentration' weighting (often called I/Ke
weighting) will improve accuracy at the low end of the Curve and should be uised if the data system
has this capability.

10.10. Non-standard analytes are sometimes requested. For these analytes, it may be acceptable to analyze a
single standard at the reporting limit with each continuing calibration rather than a five point initial
calibration. This action must be with client approval. If the analyte is detected in any of the samples, a
five point initial calibration must be generated and the samnple(s) reanalyzed for quantitation.

10.11. Calibration Verification

10.11.1. 12 hour Calibration

The working calibration curve or RF must be verified by (he analysis of a mnid point calibration
.standard at the beginning, after every 1 2 hours, and at the end of the analysis sequence. The
center of each retention time window is updated with each I12-hou1r calibration or calibration
verification.

10.11.2. Calibration Ver ification

It may be appropriate to analyze a mid point standard more f requently than every 12 hours. If these
calibration yeni(Tcat ion standards are analyzed, requirementrs are the same as thie I12-hour calibrat ion
with the except ion that retention times are not updicated.

10. 11.3. Any indlividual compouinds with %XD < 15%, meet thie calibration criteria. The calibration verification
is also ,acceptable if thie average of the %AD for all the anaytues is < 1 5%. This average is, calculated
by stiooiming thre entire absolute %D resu Its in the calibration (inc lud ing surrogates) and dividing
by the number of analytes. Any analyte that is reportable as found must have a % difference of

<1 50/ in the calibration verification or 12 hour calibration, on the columin used for quantitation.
Refer to section 12.1.2 for which result to report.

10.11.4. It is not necessary to ruin a calibration verification standard at the beginning of the sequence if
samples are analyzed immediately after the completion of the initial calibration.

10.11.5. Samples quantitated by external standard methods Must be bracketed by calibration verification
standards that meet the criteria listed above The bracketing standards on the column uised for
calibration must meet the same criteria as the opening standards. Bracketing is not necessary for
internal standard methods.

10.11.6. If the analyst notes that a CCV has failed and can doctiment the reason for fakire (e.g. no purge,
broken vial, carryover from the previous sample etc.) then a second CCV may be analyzed Without
any adjustments to the instrument. If this CCV mecets criteria then the preceding samples have
been successfully bracketed. If adjustments to the instrument are performed before the repeat CCV
then thre proceeding samples have not been successfully bracketed but analysis may continue.

10.11 .7. In general, it is not advisable to analyze repeat CCVs Onl unattended runs If repeat CCVs are
analyzed then the first will serve as the bracketing standard for the preceding samples and the last
will serve as the CCV for the following samples.
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10.11.8. If highly contaminated samples are expected it isacceptable to analyze blanks or primers at any
point in the run.

10.11.9 % Differenicecalculation

% Difference for internal and external methods is calculated as follows

Internal Standard: External standard:

D-R,- RFxlOO %D= F - C >X100

Where Rh, and CF, are the response and calibration factors

from the continuing calibration

RE and CT are the average response and calibration factors

from the initial calibration

10.11.10 % Drift calculation

% Drift is used for comparing the continuing calibration to a linear or quadratic curve. The criteria
for % drift are the same as for % difference

% rf Calculated Cone - Theoretical Cone 10
/ ~~~Theoretical Cone. 10

10.11 II. Corrective Actions for Continuing Calibration

If the overall average %Dof all analytes is greater than+ 15% corrective action muisthe taken. This
may include clipping the column, changing the liner or other minor instrument adjustments,
followed by reanalyzing the standard. If the overall average %D still varies by more than-P 15%, a

new calibration curve must be prepared.

10. 11.12. Corrective Action for Samples

For internal standard methods, any samples injected after a standard not meeting the calibration
criteria must be rc-injected.

For external standard methods, any samples injected after the last good continuing calibration
standard must be re-injected.

If the average %D for all the analytes in the calibration is over 15%, but all of the analytes
requested for a particular sample have %D < 15%, then the analysis is acceptable for that sample.

II. PROCEDURE

11 I. Extraction

Extraction procedures are referenced in the appendices.

11 2. Cleanup

Cleanup procedures are referenced in the appendices.
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11.3. Gas Chromatography

Chromatographic conditions for individual methods are presented in the appendices.

11.4. Sample Introduction

In general, volatiles analytes are introduced using purge and trap as described in Appendix A.
Semnivolatile analytes are introduced by direct injection of the extract Samples, standards, and QC must
be introduced using the same procedure.

I11.5. Analytical Sequence

An analytical sequence starts with an initial calibration or a daily calibration. Refer to the individual
method appendices for method specific details of daily calibrations and analytical sequences

11.5.1. Thle daily calibration includes analysis of standards containing all single response analytes and
updating the retention time windows.

11.5.2. If there is a break in the analytical sequence of greater than 1 2 hours, a new analytical sequence
must be started with a daily calibration.

11.6. Retention Time Windows

11.6.1. Retention time windows inusi be determ med for all ana lytes. Make an inject ion of all analytes of
interest each day over at three-day period. Calculate the standai d deviation of the three retention
times for each analyte (relative retention times may also be used). For multi-response analytes
(e.g., Aroc lors) use thle retention time of major peaks. P' us or miantus threec ti mes the standard
dcvniat on of the retention times of each anal yte do lines the relent ion tame window.

11.6.2. The center of the retention time window is thle retenation time from thie last of thie three standards.
The centers of thle windows are updated with the mid- point ol the initial calibration and each 12-
hour calibration. The widths of the windows will rMiain thle same until new windows arie generated
following the installarion of a new columin.

11.6.3. If the retention time window as ealculated above is less than +1- 0.05 minutes, use +/- 0.05 minutes
as thre retention itime window. This allows for slight variations in retention times caused by sample
matrix.

11.6.4. The laboratory Must calcu~late new retention time windows each time a new Column is installed.
The new windows must be generated within one week of the installation of the new colmni. Until
these standards have been run onl thle new column, thle retention time windows from the old columnn
may be used, updated with the retention times from thle new initial calibration

11.6.5. Corrective Action for Retention Times

The retention times Of all compou~nds in the I 2 hour calibration or calibration verification standard
must be within the retention time window If this condition is not net, all Samples analyzed after
thie last compliant standard in st be reanalyzed tinless the following conditions are met for any
Compound that ehl ues outside the retention tim e wvindow:

The retention time of that compound in thle standard Must be with in a retention time range equal to
twice thle original window.

No peak that would be reportable may be present onl the sample chronmatogram wvithi n an elution
itime rainge equal to three times the original retenition time window.

11.7. Daily Retention Ti me Windows
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The center of the retention time windows determined in Section 1 1.6 are adjusted to the retention time of
each analyte as determined in the 12 hour calibration standards or continuing calibration verification

standards. (See the method 808 I A and 8082 appendices for exceptions for multi-response components.)
The retention time windows must be updated at the beginning of each analytical sequence and with
each I12-hour calibration or continuing calibration verification.

II 8. Percent Moisture

Analytical results may be reported as dry or wet weight, as required by the client. Percent moisture
mnust be determined if results willhe reported as dry weight Refer to SOP CORP-OP-000 INC for

determination of percent moisture

II 9. 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 ghall be completely documented using a Nonconformance
Memo and approved by a supervisor and QA/QC manager. If contractually required, the client shall be
notified. The Nonconfonnance Memo shall be filed in the project file The nonconformance is also

addressed in the case narrative. Any unauthorized deviations from this procedure must also be
documented as a nonconformance, with a cause and corrective action described.

12. DATA ANAIYSIS AND CALCULATIONS

12 I Qualitative Identification

12 I I Tentative identification occurs when a peak is found within the retention time window for an
analyle, at a concentration above the reporting limit, or above the MDL if I flags are required.
Normally confirmation is required on a second column, but if the detector is sufficiently specific or
if the sample maitrix is well enough defined, single column analysis may be adequate In some cases

GU/MS confirmation may be required. Client specific requirements may also define the need for
second Column confirmation and / or GC/MS confirmation Refer to the appendices for test specific

requirements for confirmation Identification is confirmed if a peak is also present in the retention
time window for that analyte on the confirmatory column, at a concentration greater than the
reporting limit (MDL ifiJ flag confirmation required).

12.1.2. Dual column quantitation

For confirmed results, two approaches are available to the analyst.
A) The primary column approach
Or
B) The better result approach
Both are acceptable to avoid the reporting of erroneous or unconfirmed data.

12.1.2.1. Primary Column approach:

The result from the pr imary column is normally reported. The result from the secondary
column is reported if any of the following three bulleted possibilities are true.

*There is obvious chromatographic interference on the primary column
*The result on the primary column is > 40% greater than the result on the secondary

coltimn

*Continuing or bracketing standard fails on the primary column but is acceptable on the
secondary column. (If the primary column result is >40% higher than the secondary and
the primary column calibration fails, then the sample must be evaluated for reanalysis)
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12.1.2.2. Better result approach

The lower of the two results is normally reported. The lower result is considered better
because the higher result is generally higher because of chromatographic interference. The
higher result is reported if any of the following two bulleted possibilities are true.

*There is obvious chromatographic interterence on the column with the lower result
*The continuing or bracketing calibration on the columin with the lower resuilt fails. (If the

higher result is> 40% higher and the calibration on the columnnwith the lower result fails,
then the sample must be evaluated for reanalysis.)

12.1.3. If the Relative percent difference (RPD) between the response on the two columns is greater than
40%, or if the opinion ofan experienced analyst is that the complexity of the matrix is resulting in
false positives, the confirmation is suspect and the results are qualified. RPD is Calculated using
the following formula:

Ri -R2

RD (Ri + R2)

2

Where R=Result

1 2.1.4. Muli-res'ponse Analytes

For miuItt-response analytes, the analyst shou hi use the retention time window, but should rely
primarily on pattern recognition. The paticrn offpeakss will normally serve as con firmat ion.

1 2.1.5. The experience of the analyst should weigh heavily in the interpretation of the chromiatograrm. For
example, sample nmatri x or laboratory, temperature fluc~tuation may resulIt in variation of retention
tiii)s.

1 2.2. Calibration Range

If concentrations of any analytes exceed the working range as defined by tlie calibration standards,
ihen the sam ple must be (Ii Iuted andi reanalyzed. Dihit ions should target the most concentrated ana lyte
n thie tipper half (over 50%1 of the high level standard) of the calibration range It may be necessary (0

dilute samples due to matrix.

1 2.3. Dilutions

Saniples may be screened to determine the appropriate dilution for the initial run. If the initial dilkited ruLn
has no hits or hits below 20% of the calibration range and the matrix allows for analysis at a lesser
dilution, then the sample must be reanalyzed at a dlilution targeted to bring the largest hit above 50% of
the calibration range.

12.3.1. Guidance for1 Iilutions Due to Matrix

If the sample is initially run at a dilution and only mninor matrix peaks are, then the sample should be
reanalyzed at a more concentrated dilution. Analyst judgemient is required to determine the most
concentrated dilhit ion that wvill not resulIt in instrument contamination.

12.3.2. Reporting Dilutions

The most concentrated dilution with no target compounds above the calibration range will be
reported Other dilutions may be reported at client request, if the lower di Iitions will not cause
detector saturation, column overload, or carryover. Analyst lUdgemnent and client site history will
factors in the reporting of'dual dilutions.
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12.4. Interferences

If peak detection is prevented by interferences, further cleanup should be attempted. If no further
cleanup is reasonable, then elevation of reporting levels and/or lack of positive identification must be

addressed in the case narrative.

12.5. Internal Standard Criteria for Continuing Calibration

If internal standard calibration is used, then the internal standard response in a continuing calibration
standard must be within 50 to 150% of the response in the mid level of the initial calibration.

12.6. Calculations

Capabilities of individual data systems may require the use of different formulas than those presented

here. When this is the case, the calculations used must be shown to be equivalent and must be
documented in an appendix attached to this document.

12.6.1. External Standard Calculations

12.6.1.1. Aqueous samples

Concent rat ion (ing I L) = (CF x V, D)

Where
A,= Response for the analyte in the sample

V, Volume of extract injected, ItL

DI Dilution factor
V,=- Volumec of total extract, ItL
V~ = Volume of sample extracted or purged, niL

CF =Calibration factor, area or height/ng, Section I10.1

12 6 1.2. Non-aqueous Samples

Concentration (mng / kg) = (AT x Vt x< Di)

(CF x V, x WT x D)

Where:

WV = Weight of sample extracted or purged, g

D ~ 0-% osue(D = Iif wet weight is required)

126.2 Internal Standard Calculations

12.6.2.1. Aqiieotis Samples

Concentration (mng / L) - (Ax C. Di)
(Alb x RF x V1)
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Where:

C, = Amount of internal standard added, ng
Ai,= Response of the internal standard
RF = Response factor for analyte

12.6.2.2. Non-aqueous Samiples

Concentration (mng /kg) = (Ax C, x D,)
(A. x RF x W x D)

12.6.3. Surrogate Recovery

Concentrations of surrogate com1pounds are calculated using the samne equations as for the target
compounds. The response factor from the initial calibration is used. Surrogate recovery is
calculated using the following equation:

'Xi Recovey = Concenfration (. a'inotnt)/oiiud X I 00
CoceIC rai i/ on (or a/no unU) spiked

13. M ETI IOL PERFORMANCE

13.1. Method Detection Limit

Each laboratory muatst generate a valid method detection limiut for each analyte of interest The MDL
muI~st bebelow the reportinglimit ifor each anaalyle The priocedutretfor (leteiiiii'nationiof the mlethod
detection limnit is given in 40 CFR Part 136, Appendix 13, and furtherI defined in QA Policy #: QA-005.

13.2. Initial Demonstration

Each laboratory muILst make a one time initial demonstration of capability for each individual method
Demonstration of capability for both soils and water matr ices is required. This requires analysis of QC
chieck samiples containiing all oftlhe stanidard ana~lytes for the meithod For somletestsuitnay be
necessary to use more than one QC check mix to cover all analytes of interest.

13.2.1. Four aliquots of the QC check sample are analyzed using the same procedures used to analyze
samples, including sample preparation. The concentration of the QC check sample should be
equivalent to a mid-level calibrat~ion.

13.2.2. Calculate the average recovery and standard deviation of thie recovery for each analyte of interest.
Compare these results With the acceptance criteria given in each appendix.

13.2.3. If any analyte does not mneet the acceptance criteria, the test must be repeated. Only those
analytes that did not mecet criter ia in thie first test need to be evaluated. Rcpeated failure for any
arnalyte indicates the need for the laboratory to evaluate the analytical PIoe oreLI and take
corrective action.
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13.3. Training Qualification

The group/team leader has the responsibility to ensure that an analyst who has been properly trained in
its use and has the required experience performs this procedure.

14. POLLUTION PREVENTION

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.

15.2.1. The following waste streamrs are produced when this method is carried out.

15.2.1.1 Vials containing sample extracts: These vials are placed in the vial waste located in the
CC/MS laboratory.

15.2.1 2 Tubes containing sample extracts for TPEI, Pesticides, PCBs and Herbicides. These capped
tubes are placed in the PCB/flarnmable wste located the CC prep laboratory

15 2.1 3 Samples, standards, and all extraction materials contaminated with high levels (>50ppm) of
PCB's must be segregated into their own waste stream. PCB wastes are collected in one of
thrceewaste streamns, solid PCB, liquid PCB and PCB vial waste PCB containing samples are
located through a LIMS query and disposed of as PCB containing.

15 2.1.4. Extracted solid samples contaminated with methylene chloride/acetone or acetone/hiexane.
These materials are disposed of in the solid waste and debris in a red container located in the
extractions lab.

15.2.1.5. Discarded samples These samples are collected in the solid debris drum

1 6. REFERENCES

Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846, 3rd Edition, Final Update
1I1, December 1996, and Section 8000B

I 7. MISCELLANEOUS

17 I Modifications 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 Method Detection Limit. This SOP states that the Method Blank muast not contain any
analyte of interest at or above the reporting limit. Common lab contaminants are allowed to be uip
to 5 times the reporting limit in the blank following consultation with the client.
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17.2. Modifications from Previous Revision

The calibration criteria in section 10 I I have been rewritten to improve consistency with SW-846 and to
improve clarity.

17.3. Facility Specific SOPs

Each facility shall attach a list of facility specific SOPs or approvcd attachments (if applicable) which arc
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 statcencnt must be attached specifying that there are none.
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17.4. Flow Diagrams

17.4.!. Initial demonstration and MDL'

Start Initial ~ ~ ~ ~ ~ ~ oatle 0 eiioltie
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17.4.2. Sample Analysis'

tart amp c na sis~ ~~g'.

<20% RSI RSE <

* Tb is flow a i ratiii forg diccad aflntcvraIevnulte.CnutteSPexadasu riorfn
cloti bt.~~~~~~~~~~~~~~~~nio



* ~~~~ 71 3 88

APPENDIX A SOP No. CORP-GC-0001INC
Revision No. 5.7

ANALYSIS OF VOLATILE ORGANICS BASED ON Revision Date: 10/01/03

METHOD 8021B Page A~ofAl7

1. SCOPE AND APPLICATION

1. 1. This method describes sample preparation and extraction for the analysis of volatile organics by a

purge and trap procedure, following method 802lB. However, where required bya client QAPP this

section may also be used to analyze aromatic volatiles by discontinued methods 8020A and 801 OB. All

requirements of the 8000B section of this SOP must be met except when superseded by this Appendix.

Refer to Table A- I for the individual analytes normally determined by these procedures.

1.2 Compounds within the scope of this method have boiling points below 2000C and are soluble or slightly

soluble in water. Classes of compounds best suited to purge-and-trap analysis include low molecular

weight halogenated hydrocarbons, aromatics, ketones, nitriles, acetates, acrylates, ethers, and sulfides.

1.3. Water samples and soils samples with low levels of contamination may be analyzed directly by purge-

and-trap extraction and gas chromatography. Higher concentrations of these analytes in soil may be

determined by the medium level methanol extraction procedure.

1.4. This method also describes the preparation of water-miscible liquids, non-water-miscible liquids, solids,

wastes, and soils/sediments for analysis by the purge-and-trap procedure

1.5. The associated LIMS method code is QR

2. SUMMARY OF METHOD

2.1. An inert gas is bubbled through the sample at amb ient temperature or at 400 C (400C r equired for low-

level soils), and the volatile components are transferred from the aqueous phase to the vapor phase.

The vapor is swept through asorbent column where the volatile comnponents are adsorbed After

purging is completed, the sorbent column is heated and back-flushed with inert gas to desorb the

components onto a gas chromatographic column Analytes are detected using a photoionization
Detector, an electrolytic conductivity detector or a combination of both

2 2. For soil samples, a portion of the sample is dispersed in methanol to dissolve the volatile organic

constituents. A portion of the methanolic solution is combined with water. It is then analyzed by

purge-and-trap GC following the normal water method. If very low detection limits are needed for soil

samples then direct purge using sodium bisulfate preservation may be necessary.

3. DEFINITIONS

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

used in this SOP.

4. INTERFERENCES

4 1. Refer to section 4of the method 8000B part of this SOP for general information on chromatographic

interferences.

4.2. Impurities in the purge gas, and from organic compounds out-gassing from the plumbing ahead of the

trap, account for the majority of contamination problems. The analytical system must be demonstrated

to be free from contamination under the conditions of the analysis by running laboratory reagent

blanks. The use of non-TFE plastic tubing, non-TFE thread sealants, or flow controllers with rubber

components in the purging device should be avoided.

4.3 Samples can be contaminated by diffusion of volatile organics (particularly methylene chloride and

tluorocarbons) through the septum seal of the sample vial during shipment and storage. A trip blank
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prepared from organic-free reagent water and carried through sampling and handling protocols serves
as a check on such contamination.

4.4. Contamination by carryover can occur whenever high-concentration and low-concentration samples are
analyzed sequentially, Whenever an unusually concentrated sample is analyzed, it should be followed
by an analysis of organic-free reagent water to check for cross-contamination. The trap and other parts
of the system aire subject to contamination. Therefore, frequent bake-out and purging of the system
may be required.

4.5. When utilizing an autosampler system, which has multiple ports for sample analysis, it'is likely that only
a single stage or port may be contaminated by a highly concentrated sample. If a port is suspect, a
water blank should be analyzed to verify lack of contamination. If the water blank and subsequent
blanks on that port show contamination consistent with the concentrated sample, further maintenance
is required. This may include replacing or cleaning the multi-port valve, transfer lines, etc.

4.6. A holding blank is kept in the sample refrigerator. This is analyzed and replaced every 14 days. If the
holding blank does not meet the method blank criteria, the source of contamination must be found and
corrected. Evaluation of all samples analyzed in the 14-day period prior to the analysis of the
contaminated holding blank is required.

4.7. Acidification of samiples may result in hydrolysis of 2-ehlor-oethyl-vinyl ether.

5. SAFETY

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

5.2. Often, purge vessels on purge-and-trap instrumentation are pressurized by the time analysis is
completed. Therefore, vent the pressure prior to removal of these vessels to prevent [the contents from
spraying out

5.3. The toxicity or caicinogenicity of each chemical used in this procedure has not been fully defined.
Additional health andc safety information can be obtained fromt the MSDS files maintained in the
laboratory. The following specific hazards arc known:

Methanol -- Flammable and toxic

5.4. The following method anialytes have been tentatively classified as known or suspected human or
mammalihan carcinogens: Benzene, Carbon Tetrachloride, 1 ,4-Dichlorobcnzene, 1,2-Dichloroethanie,
Flexachlorobutadiene, 1, I 2,2-Tetrachiloroethane, 1, 1 2-Trichloroethane, Chloroform, I1,2-Dibromocthanc,
Tetrachloroethecne, Trichloroethene, Vinyl Chloride. Pure standard materials and stock standard
Solutions Of these com1pou~nds should be handled in a hood.

5.5. Methanol shall not be used in a CaptAir hood.

5.6. CC VOA intruMeCnts use an ultraviolet (UV) light Source, which must be shielded from view. There
Should also be a warning labecl/sticker on each instrument that identifies it as a UV light source.

5.7. Soditum bislfiute creates SUlfCurie Acid when mixed with water,

6. EQUIPMEN'IAND SUPPLIES

6.1. Microsyringes -- IlOpL, 25pL, 10llOp, 250pLd, 500Ld, and I000~tL. These should be equipped with a 20
gauge (0.006" II)) needle. These will be used to measure and dispense methaniolic solutions and
aqueous saMPleS.
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6.2. Gas tight syringes -- 5 mL and 25 mL. Used for measuring sample volumes.

6.3. Purge and Trap Apparatus -- A device capable of extracting volatile compounds, trapping on a sorbent
trap, and introducing onto a gas chromatograph.

6.4. Purge and Trap Autosampler -- In order to maintain high sample throughput, an autosampler is highly

recommended.

6.5. Trap -- The trap used is dependent on the class of compound to be analyzed. Refer to Table A-2 for

suggested traps for specific tests.

6.6. Purge Vessels -- These are dependent on the purge and trap unit/autosampler used. Both disposable

culture tubes (needle sparge units) and specially designed vessels with fritted bottoms may be used.
Follow the manufacturer's suggestions for configuration.

6.7. Columns - Refer to Table A-2 for details of columns.

6.8. Volumetric flasks, Class A. 5 mL, to 250 mL

6.9. pH paper

6 10. Balance capable of weighing to 0.Olg for samples.

7. REAGENTS AND SUPPLIES

7.1. Refer to the method 80008 section of this SOP for general requirements for reagents and supplies.

7.2. Organic Free Water

Organic free water is defined as water in which an interferent is not observed at the reporting limit of the
compounds of interest. Suggested methods for generating organic free water include.

* Filtration through a carbon bed

* Continuously sparging water with helium or nitrogen.

* Use of commercial water purification systems.

Other methods may be used, so long as the requirement that the water show no interference is met.
The procedure used should be documented in a lab specific attachment,

7.3. Sodium Bisulfate

7.4. Methanol -- Purge and Trap Grade

7.5. Standards

Refer to tables A-S and A-6 for details of surrogate, matrix spiking and internal standards Calibration

standard levels are not specified, since they may depend on the sensitivity and linear range of specific

detectors However, the low level standard must be equivalent to the reporting limits specified in Table

A-I.

7 5.1. Volatile standards are prepared by injecting a measured volume of the stock standard into a syringe

containing the appropriate volume of organic free water The calibration standard is then loaded
into the purge device.
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8. SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1. Hlolding times for all volatile analysis are 14 days from sample collection.

8.2. Water samples are normally preserved at pH- < 2 with 1: I hydrochloric acid. If residual chlorine is
present, 2 drops of I0% sodium thiosulfiate are added.

8.3. Solid samples are field preserved with sodium bisulfate solution for low level analysis, or with methanol
for medium level analysis. Soil samples can also be taken using the EnCoreTM sampler and preserved in
the lab within 48 hours of sampling. At specific client request, unpreserved soil samples may be
a ccc pied.i

8.4. There are several methods of sampling soil. The recommended method, which provides the minimum of
field difficulties, is to take an EnCore sample. (The 5 g or 25 g samrpler can be used, depending on client
preference). Following shipment hack to the lab the soil is preserved in methanol. This is the mredium
level procedure If very low detection limits are needed (< 50 sg/kg for most analytes) then it will be
necessary to use two additional 5 g EnCore samplers or to use field preservation.

8.5. Sample collection for medium level analysis using EnCore samplers.

8.5.1. Ship oneS5 g (or 25 g) EnCore sampler per Field samnple position.

8.5.2. An add itiLonal bottle ni st be shipped for percent moishire determination.

8.5.3. When the samples are returned to the lab, extrude the (nominal) 5g (or 25 g) sample into a tared
VOA vial containing 5 nl- methanol (25 ul- methanol for the 25 g sampler). Obtain the weight of the
soil added to the vial aind note on the label.

8.5.4. Add the correct amount of surrogate spiking m1ixture. (Add I100 pL- of 250 pg/il- soIlution for a
nominnal 25 g sample, 20il, tbr a nominal 5 g sample.)

8.5.5. Add the correct amiount ofrot ma trix king solution to the matrix spike and matrix spike duplicate
samples. (Add I100 ctL of 250 ~tg/ l. sol iiIon for a nomlineal 25 g sample, 2Ogl- for a nomninal 5 g
sample.) The addition of spike introduces at slight error, (0.4%) which can be neglected, into the
cal cul at ions.

8.5.6. Plrepare an LCS for eatch batch by adding the correct amount of matrix spiking solution to clean
mrethanol. (1I00 pdL of spike to 25 ml- methanol or 20 pL spike to S mL- methanol).

8.5.7 Shake the samples for two minutes to distribute the methanol throughout the soil.

8 58 Allow to settle, thien remove a portion of methanol and store in a clean Teflon capped vial at 4+20 C
until aInalysis.

8.6 Sample collect ion for mediumn level analysis using field methanol preservation

8.6.1 prepare a VOA vial by adding 5 nL- pUrge and trap grade methanol. (lfa 25 g sample is to be used,
add 25 nL- methannol to the VOA vial).

8.6.2. Seal the bottle and attach a label.

8.6.3. Weigh the bottle to the nearest O.Olg and note (the weight on the label.

8.6.4. Ship with appropriate sampling instructions
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8.6.5. Each sample will require an additional bottle with no preservative for percent moisture
determination.

8.6.6. At client request, the methanol addition and weighing may also be performed in the field.

8.6.7. When the samples are returned to the lab, obtain the weight of the soil added to the vial and note
on the label.

8.6.8. Add the correct amount of surrogate spiking mixture. (Add 100 PL of 250 pg/mL solution for a
nominal 25 g sample, 201.tL for a nominal 5 g sample.)

8 6.9. Add the correct amount of matrix spiking solution to the matrix spike and matrix spike duplicate
samples. (Add I100 paL of 250 lag/mL solution for a nominal 25 g sample, 2OpL- for a nominal 5 g
sample.) The addition of spike introduces a slight error, (0.4%) which can be neglected, into the

calculations.

8.6.10. Prepare an LCS for each batch by adding the correct amount of matrix spiking solution to clean
methanol. (100 pL of spike to 25 mL methanol or 20 paL spike to 5 mL methanol).

8.6.11 Shake the samples for two minutes to distribute the moethanol throughotit the soil.

8.6.12. All Iow to settle, then remove a portion of methanol and store i n a c lean Teflon capped vial at 4+t2"C
until analysis

8.7 Low level procedure

8.7 1. If low detection limits are required (typically < 50 ag/kg) sodium bisuilfate preservation must be
used. However, it is also necessary to take a sample for the medium level (methanol preserved)
proceditre, in case the concentration of analytes in the soil is above the calibration range of the
low-level procedure.

8.7 2. A purge and trap autosampler capable of sampling from a sealed vial is required for analysis of
samples collected using this method. (Varian Archon or 0.1 4552).

8.7.3. The soil sample is taken using a 5g EnCore sampling device and returned to the lab. It is
recommended that two EnCore samplers be used for each field sample position, to allow for any
reruns than may be necessary. A separate sample for % moisture determination is also necessary.

8.7A4. Prepare VOA vials by adding a magnetic stir bar, approximately I g of sodium bisulfate and 5 mL of
reagent water.

8 7.5. Seal the vial and attach a label. The label must not cover the neck of the vial or the auto~sampler will
malfunction.

8.7.6. Weigh the vial to the nearest 0.OlIg and note the weight on the label.

8.7.7 Extrude the soil sample from the EnCore sampler into the prepared VOA vial. Reweigh the vial to
obtain the weight of soil and note on the label.

8.7.8. Note: Soils containing carbonates may effervesce when added to the sodium bisulfate solution. If
this is the case at a specific site, add 5 mL of water instead, and freeze at> -100C until analysis.

8.79 Alternatively the sodium bisulfate preservation may be performed in the field. Ship at least two
vials per sample. The field samplers must determine the weight of soil sampled. Each sample will
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require an additional bottle with no preservative for percent moisture determination, and an
additional bottle preserved with methanol for the mnediumn level procedure.

8.8. Aqueous samples are stored in glass containers with Teflon lined septa at 40C +/- 2"C, with minimum
head sp ace.

8.9. Medium level solid extracts are aliqtioted into 2 -5 mL glass vials with Teflon lined caps and stored at
4"C +/- 20C. The extracts are stored with minimum headspace.

8. 10. The maximum holding time is 14 days fromt sampling until the sample is analyzed. (Samples that are
found to be uinpreserved still have a 1 4 day holding time. However they should be analyzed as soon as
possible. The lack of preservation should be addressed in the ease narrative). Maximum holding time
for the EnCore sampler (before the sample is added to methanol or sodium bisulfate) is 48 hours.

8.11. A holding blank is stored with the samples. This is analyzed and replaced if any of the trip blanks show
any eontamination. Otherwise it is replaced every 14 days

Note: Freezing is not allowed for Ohio VAP solids.
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EnCore procedure when low level is not required (field steps
in gray) _ _ _ _ _ _ _ __ _ _ _ _ _ _ _

Ship one En~~~~~~~ore ~~Extrude soil sample

sampler and one bottle Take core sample and septm capped vintale
for %moisture per % moisture sample contucaining 25iml
sample location menthainon2l

Ship one 25g and twoloExtrudet259 soil
Rqene va ore ti eoe prxmtl samplersisampley foromE r

stakore inasaptmpeaninotedstu

andp one bo adttle forue2 si

%moisture per sample %mitrsapecapped vial containing
location 25 mL methanol

Sake for 2 minutes.
Alwto settle, then

Reweigh vial to obtain remove approximately Sample is ready for
soil weight. 5 mL methanol and aayi

store in a septum
n.Apped viAl

Extrude the two Sq
samplers into separate

tared VOA vials Store for low level Sample is ready for
containing 5 mL analysis if needed aayi
sodium bisulfate

sql' tion
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Field methanol extraction procedure (field steps in gray)

Ship following DOT
Prepare a septum Weigh the vial and regulations for

capped vial containing record the weight to the flammable liquids and
5 mL methanol for nearest Q.0ig on the include a separate

each sample location label. bottle for each sample
location for % moisture

Weigh the vial and Take a (nominal) 5g Extrude the sample
ensure that the weight core sample using an into the vial, taking

is the same as that
listed on the label. (if EnCore sampler or a care not to splash any

not, use a different vial) cut off plastic syringe methanol out of the vial

Return to the lab
Cap the vial and record Take a separate following DOT shipping
the weight on the label sample for % moistue regulations for

flammable liquids.
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9 . QUALITY CONTROL

9.1. Refer to the method 8000B section of this SOP, section 9, for general quality control procedures,
including batch definition, requirements for method blanks, LCS, matrix spikes, surrogates, and control
limits.

10. CALIBRATION AND STANDARDIZATION

10 1. Refer to the method 80008 section of this SOP, section 1 0, for general calibration procedures.

10.2. Gas Chromatograph Operating Conditions

Various column configurations are possible. If dual column confirmation is necessary, the sample may
be split using a Ysplitter at the injector end to direct the sample to two columns and two detectors. For
simultaneous determination of aromatic and halogenated volatiles, a single column is used and the PID
and ELCD detectors are connected in series

10.2.1. Refer to Table A-2, A-3 and A-4 for GC operating conditions.

10.3. Initial Calibration

10.3.1. Refer to Section 10 of the 8000B section of this SOP for details of initial calibration criteria.

10 3.2. Low level soil samples must be purged at 40 0 C; therefore the calibration curve must also be purged
at 400C. In addition, the low level soil calibration solutions should contain approximately the same
amount of sodium bisulfate as the samples.

10.3.3. The low level calibration must be at the reporting limit or bclow. The remaining standards
encompass the working range of the detector.

10.3 4. Calibrate the instrument using the same volume that will be used during sample analysis.

10 4. Calibration Verification

10 4.1 A mid level calibration standard is used for the calibration verification. The gases have 20 % D
criteria rather than the 1 5% used for other analytes.

10 4.2. A calibration verification run is performed after every I10 samples for this method.

10.4.3. Bracketing of samples with calibration verification runs is only necessary for external standard

analysis.

HI. PROCEDURE

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

11 2 Analytical Sequence

The analytical sequence starts with an initial calibration of at least five points, or a 1 2 hour calibration

that meets % difference criteria from an existing initial calibration.

11 3. Confirmation

The PID and ELCD detectors are sufficiently selective that second column confirmation is not always
necessary. Requirements for second column confirmation should be decided in consultation with the
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client. If the PID and ELCD are used in series confirmatory information for many analytes can be gained
by comparing the relative response from the two detectors.

11.4. Aqueous Sample Analysis (Purge and Trap units using sparge vessels)

11.4.1. Depending on the sensitivity of the instrument and capabilities of the purge and trap device, 5, 10,
20, or 25 mL sample volumes may be analyzed. A 5 mL sample volume is recommended.

11.4.2. Rinse aS5 mL (or 25 mL for larger sample volumes) gas-tight syringe with organic free water. Fill the
syringe with the sample to be analyzed, and compress to volume.

11.4.3. Check and document the pH of the sample remaining in the VOA vial after loading the syringe.

11.4.4. This procedure invalidates the contents of the VODA vial for further analysis, unless an aliquot is
transferred to a smaller VOA vial with no headspace (e.g., 20 nmL) at the same time the analysis
aliquot is removed

11.4.5. Spike with the appropriate volume of surrogate/internal standard solution and spike solution (if
required) through the barrel of the syringe. The method blank is spiked with surrogates only, the
LCS and mratrix spikes with the surrogate and matrix spiking solutions. Refer to Tables A-5 and A-6
for volumecs and concentrations or spiking solutions.

11.4.6. Load onto the purge and itrap device and start the ru i.

11.4.7. If the initial analysis ofa sample or a dilution of the sample has a concentration of analytes that
exceeds the initial calibration range, the samlple Must be reanalyzed at a higher dilut0ion. When a
sample has a high response for a compound, an organic free water blank should follow ,analysis. It
isireco~gnized that dutrinig aut[omated unattenided ainalys is, thismiay not occur If any potent ialI
cairryover hiits are presentiin sampilles following highily contaminated samnples, thiesa nipIci must be
recanalyzed to determiine ifaniy of these hits area result of carr-yover or are actually presenitinthie
sample

11.4.8. Dilutions may be made in gas tight syringes unless the Volume of sample used is less than 5 IIL, in
which ease dilat ion In voIlumetric flasks will be necessary.

11.4.8.1. Spike with the same voIlume1 of'surrogate/internal standard solution as used for undiluted
samples prior to loading onto the purge and trap device.

11.4.8.2. For Matrix spike / matrix spike duplicates where the sample requires dilution, the sample is
spiked after the dilution is performed.

11.5. Aqueous and Soil Sample Analysis (Purge and Trap units that sample directly from the VOA vial)

11.5 I. Units,, which sample from the VOA vial, should be equipped with a module, which automatically
adds surrogate and internal standard solution to the sample prior to purging the sample.

11.5.2. lf the autIosampler uses automatic IS/SS injection, no further preparation of the VOA vial is needed
Otherwise the internal and surrogate standards must be added to the vial. Note: Aqueous samples
with high ,amounts of sedhiment present in the vial may not be suitable for analysis on this
instrumentation, or they may need to analyzed as soils.

11.5.3. Sample remnaining in the vial after sampling with one of these mechanisms is no longcr valid for
further analysis A fresh VOA vial must be used for further sample analysis.

11.5.4. Check the pH of the sample remaining in the VOA vial after analysis is completed.
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11.6. Low-Level Solids Anal vsis using discrete autosamplers

Note: This technique may seriously underestimate analyte concentration and must not be used except
at specific client request for the purpose of comparability with previous data. It is no longer part of
SW-846.

This method is hosed on pu rging a heated sediment/soil sample mixed with reagent water containing
the surrogate and, if' applicable, internal and matrix spiking standards Analyze all reagent blanks
and standards tinder the samneconditions as the sam~ples feg. heated). The calibration curveis also
heated during analysis. Purge temperature is 40GC.

11.6.1. Do not discard any sitpet-natant liquids Mix the contents of the container wi/h a narrow, metal
spatula.

11.6.2. Weigh out S g (or other appropriate aliquot,) ofjsamnple into a disposable culture tithe or other

purge vessel Record the weight to the nearest 0. I g. If miethod sensitivity is demonstrated, a
smaller aliquot may be used. Do not use aliquots less than 1 0 g if' the sample is contaminated
with analyt es such that apurge amount less than l. 0g is appropriate. use the mnedium level
method described in section 11, 7.

11.6.3. Connect the purge vessel to the purge ant/trap device,

II 6.4 Rinse a .5 nil, gas-tight syvringe with oiganic/i'ee ivote;; andfill. Compress to S niL Add
surrogate/internal standard (and matrix spike solutions if i equired) (See Tables A-S. A-6. A- 7
and A-8 ) Add direct/v, to the sample fromn 11.6 2

11 6 5 The above steps should be peiformned rapidlyv and without interruption to avoid loss of volatile
organics

11 6 6 Add the heater jacket or- other he ating device and start the purge and trap unit

11 6 7. Soil samples that have low IS r ecoveiry when analyzed (<50%,) should be reanalyzed onice to
confirm matrix ef~fect If exter-nal standard icalibr-ation is usedlsamtples 'i'mth surr-ogate recov~eryj
below the control lindt should be reanalyzed once to confirmn niatrix eff.

11.7. Methanol Extract Soils

11.7.1. Rinse a gas-tight syringe with organic free water. Fill the syringe with the same volume of organic
free water as used in the calibrations. Add no more than 2% (v/v) (I 00 [iL for a 5 mL purge)
methanolic extract (from Section 8.5 or 8.6) to the syringe. Add internal standard (if used). Load
the sample onto the purge and trap device and analyze as for aqueous samples. If less than 5kL of
methanolic extract is to be added to the water, dilute the methanolic extract such that a volume
greater than 5jaL will be added to the water in the syringe

12. DATA ANALYSIS AND CALCULATIONS

Refer to section 12 of the 80008 section of this SOP.

13. METHOD PERFORMANCE

13 1 Performance limits for the four replicate initial demonstr ation of capability required under Section 13.1 of
the 8000B section of this SOP.

14. POLLUTION PREVENTION

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

15.2.1.1I. Acidic material from the auto-sampler. Waste stream must be collected and neutralized
before discharge to a sewer system if the pH is less than 4.

15.2.1.2. Methanol waste from rinses and standards. Methanol waste is discarded as a flammable
liquid .

15.2.1.3. All samples including purged and extracted soils and waters: Samples are collected in boxes
and removed from the lab to storage. The waste coordinator handles crushing the vials and
proper disposal.

16. REFERENCES

16.1. Test Methods for Evaluating Solid Waste, Physical/Chemiical Methods, SW846, 3rd Edition, Final
Update III. December 1996, Sections 5000, 5030B3, 5035 and 802 l B

Il. MISCELLANEOUS

17.1. Modiflications from Reference Method

17.2. Mod ificat ions from preyioUiS rev is ion

17.2.1. No revisions were maide to this appenrdix.

17.3. Facility Specific SOPs

Each facility shall attach a list of facility specific S01's or approved attachmncrts (if applicable) which are
reqLiircd to imiplemient this SOP or which are used in conjuinction with this SOP. lfno facility specific
SOPs or amendments are to be attachcel, a statement must be attached specifying that there are none.
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17.4. Tables

Table A-I

Standard Analyte List

Test Compound CAS Reporting Limit, pg/L or gk

number Aqueous Low Soil Medium
I ~~~Soil

Halogenated Bromodichloromethane 75-27-4 1.0 1.0 50
volatiles by Bromoform 75-25-2 1.0 1.0 50

8021 B Bromomethane 74-83-9 1.0 1.0 50
Carbon Tetrachloride 56-23-5 1.0 1.0 50
Chlorobenizene 108-90-7 1.0 1.0 50

Chloroethane 70-00-3 I 0 1.0 50
2-Chloroethyl vinyl ether 110-75-8 5 0 5.0 250

Chloroform 67-66-3 1.0 1.0 50

Chloromethane 74-87-3 I 0 1.0 50
Dibromochloromethane 124-48-1 1.0 1.0 50
1,2-Dichlorobenzene 95-50-1 1 0 1.0 50

1,3-Diclhlorobenzene 541-73-1 1 0 1.0 50

1,4-Dichlorobenzcne 106-46-7 1 0 1.0 50
Dichlorodifluoromethane 75-71-8 1.0 1.0 50

1,1-Dichloroethane 75-34-3 1.0 1.0 50

1,2-Dichloroethane 107-06-2 1.0 1.0 50
1,1 -Dichloroethene 75-45-4 1.0 1.0 50

cis-l1,2 Dichloroethene 156-59-4 1.0 I10 50
trans-lI,2-Dichloroethene 156-60-5 1 0 1.0 50
Dichlorornethane(DCM) 75-09-2 5 0 5.0 250

1 ,2-Dichloropropane 78-87-5 I 0 1.0 50

cis- 1,3-Dichloropropene 10061-01-5 1 0 1.0 50
trans-I1,3-Dichloropropenc 10061-02-6 1.0 1.0 50
1,1 ,2,2-Tetrachloroethane 79-34-5 I 0 1.0 50

Tetrachloroethene 127-18-4 I 0 1.0 50

1, 1, I -Trichloroethane 71-55-6 1.0 1.0 50
1, 1,2-Trichloroethane 79-00-5 I 0 1.0 50
Trichloroethene 79-01-6 1.0 1.0 50

Trichlorofluoromethane 75-69-4 1.0 1.0 50
____________Vinyl Chloride 75-01-4 I 0 1.0 50

Additional Bcnzyl Chloride 100-44-7 5.0 5.0 250
halogenated Bromobenzene 108-86-I 1.0 1.0 50
volatiles Dibronmomethane 74-95-3 1.0 1.0 50

1, 1,1,2-Tetrachloroethane 630-20-6 1.0 1.0 50
Freon 113 76-13-1 1.0 1.0 50

____________1,2,3-Trichloropropane 96-18-4 1.0 1.0 50

BTEX by Benzene 171-43-2 1.0 1.0 150

8021B Ethyl Benzenec 100-41-4 1,0 1.0 50

_____________Toltiene 108-88-3 1.0 1.0 50

_____________Xylenes (total) 1330-20-7 1.0 1.0 50

Aromatic Benzene 71-43-2 1.0 1.0 50
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Table A-I
________________ ~~~Standard Analyte List _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Test Compound GAS Reporting Limit, ptg/L o gk

number Aqueous Low Soil Medium
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _______ __ _________ S o il

volatiles by
802 1 B _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Chlorobenzene 108-90-7 1.0 1.0 50
1,2-Dichlorobenzene 75-34-3 1.0 1.0 50
1,3-Dichlorobenzetie 107-06-2 1.0 1.0 50
1,4-Dichlorobenzcne 75-45-4 1.0 1.0 50
Ethyl Benzcnc 100-41-4 1.0 1.0 50

Toune 1,08-88-3 1.0 1.0 50
Xoy'len es (total) 1330-20-7 1.0 1.0 50

Additional 1,2,4 Trimethylbcnzerne 95-63-6 1.0 1.0 50
aromatic and 1,3,5 Triinethylbenzenc 108-67-8 1.0 1.0 50
unsaturated Acetone 67-64-I 10 10 500
volatijls M E3K (2-bUtanone) 78-93-3 5.0 5.0 250

MIBK (4-mcthyl-2-pentanone) 108-10-I 5.0 5.0 250
Naphthalene 91-20-3 2.0 2.0 250
Styrene 100-42-5 1.0 1 0 50
Methyl tert-bLityl eiher (MTBE) 1634-04-4 1.0 11.0 150

Combined Benzene 71-43-2 1.0 10 50
balogeuiated Bromobcnzcne 108-86-I 1.0 1.0 50
and aromatic Bromochloroniethane 74-97-5 1.0 1.0 50
volatilcs by Brormodichloronicthanc 75-27-4 1.0 I 0 50
802113 Brormoforni 75-25-2 1.0 10 50

Bronionetlhane 74-83-9 1.0 1.0 50
n-bUly lbcnzenc I104-5 I-S 1.0 1.0 50
sec-BL~uylbenzene 135-98-8 1.0 I.0 50
teri-Butylbcnzcnc 98-06-6 1.0 1.0 50
Carbon Tetrachloride 56-23-5 1.0 1.0 50
Chlorobenzene 108-90-7 1.0 1.0 50
Chloroclibronioinnthanc 124-48-I 1.0 1.0 50
Chlorocihane 75-00-3 1.0 1.0 50
Chloroform 67-66-3 1.0 1.0 50
Chlorometharne 74-87-3 1.0 1.0 50
2-Chlorotoluene 95-49-8 1.0 1.0 50
4-Chlorotolucnc 106-43-4 1.0 1.0 50
I1,2-Dibromio-3-Chlor-opropane(DBCP) 96-12-8 1.0 1.0 50
I],2-Dibromnoethane(EDB) 106-93-4 1.0 1.0 50
Dibromomethane 74-95-3 1.0 1.0 50
1,2-Dichlorobenzcne 95-50-I 1.0 1.0 50
1,3-Dichlorbenzene 541-73-1 1.0 1.0 5
I,4-Dichlorobcnzcne 106-46-7 1.0 1.0 5
Dichlorodiflutoronncthane 75-71-8 1.0 1.0 5
I, I-Dichloroethane 75-34-3 10105
I 2-Diehl:orooet,:hane 107-06-2 1. 10 50
I _-Dichloroethcn 75-35-4 1.0 I1.0 50
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Table A-I

_ _ _ ~~~~~~~~~Standard Analt eList _ _ _ _

Test Compound CAS Reporting Limit, pg/L or gk

F j ~~~~~~~ ~~~number Aqueous Low Soil Medium
J ___~~~~~~~~~~~~~~~~~~~~~~ Soil

cis-1I,2-Dichloroethene 156-59-4 1.0 I10 50
trans-l1,2-Dichloroethene 156-60-5 1.0 1.0 50
I1,2-Dichloropropane 78-87-5 1 0 1.0 50

1,3-Dichloropropane 142-28-9 1.0 1.0 50
2,2-Dichloropropane 590-20-7 1.0 I 0 50
l,l-Dichloropropene 563-58-6 1.0 1.0 50
cus- 1,3-Dichloropropene 10061-01-5 1.0 1.0 50
trans- 1,3-Dichloropropene 10061-02-6 1 0 1.0 50
lEthylbenzene 100-41-4 1 0 1.0 50
Hexachlorobutadfiene 87-68-3 1.0 1.0 50
lsopropylbenzecn 98-82-8 10 1.0 50

p-isopropyltoluene 99-87-6 1.0 1.0 50
Methylene Chloride 75-09-2 5.0 5.0 250
Naphthalene 91-20-3 2.0 2.0 250
n-Propylbcnzene 10306501 1.0 1 0 50
Styrene 100-42-5 1.0 1.0 50
1, 1, 1,2-Tetrachloroethane 630-20-6 1 0 1.0 50

1,1 ,2,2-Tetrachloroethane 79-34-5 1.0 1.0 50
Tetrachlorocthene 127-18-4 I 0 1.0 50
Toluene 108-88-3 1 0 1.0 50
1,2,3-Trichlorobenzcne 87-61-6 1 0 1.0 50
I1,2,4-Trichlorobcnzene 120-82-I 1.0 1.0 50
1,l1,lI-Tirichloroethane 71-55-6 1 0 1.0 50
1,I1,2-Trichlorocthane 79-00-5 1.0 1.0 50

Trichloroethene 79-01-6 1 0 1.0 50
Trichlorofluoromethane 75-69-4 I 0 1.0 50
1,2,3-Trichloropropane 96-18-4 1.0 I10 50
1,2,4-Triincthylbenzene 95-63-6 1.0 I10 50
I,3,5-Trmchybenzene 108-67-8 1.0 1 0 50
Vinyl Cone75-01-4 1.0 1.0 5

_____________Xylenes (total) 1330-20-7 1.0 1.0 50

Table A-2
Recommended Conditions for Aromatic Volatiles

Parameter IRecommended Conditions
Temperature program 500C, imin, 100C/rnin to 2000C,lmin
Column I Rtx-502 2 or D13-502.2 60in x 0 53mm 3 Oum
Column 2 Rtx-IlorDB-I16OmxO.53mm 3.Ourn
Carner gas Helium or hydrogen
Purge Flow / time 40 mL/min, I I minutes
Desorb Temp / time 1 800C, 2 minutes (220t'C for Vocarb 3000)
Bake Time / temp 2000C, 12 minutes (2300C for Vocarb 3000)

Trnsfer line /valve temp I115"C



8771403

APPENDIX A SOP No. CORP-GC-00OINC
Revision No. 5.7

ANALYSIS OF VOLATILE ORGANICS BASED ON Revision Date: 10/01/03
METHOD 8021B Page Al6ofAl7

Table A-3

Recommended Conditions for Method Halogenated Volatiles
FParamecter Recommended Conditions
Temperature programn 35"C, 12 mni, then 40C/min to 2000C, hold for 5 min
Column I DB-VRX or RTX-502.2 lO5m xO0.53 mm id df =3.Oum
Column 2 DB- I or RTX-1 105inx 0.53 mm ID df =3.Oum
Column 3 Rtx - Volatiles 120m x 0.53mmn ID dfr-2.0um
Carrier gas Helium
Purge Flow / time 40 mltmin, I I mninUtes
Dcsorb Temnp /time I180 0C, 2 mi nutes (220t'C for Vocarb 3000)
Bake Time / temnp 2'00'C t 2 minutes (230'C for Vocarb 3000)
Transfer line / valve temp I 15:t

Combined A roai n geae oaie
Recommended Conditions for M taooblned A roai-n4Hlgntd oaie

Parameter Recommended Conditions
Temperature program 35'CC 12 min, then 4t C/min to 200"C, hold for 5 min
CoIlimn I DB-VRX or RTX-502.2 lO5m x 0.53 mm id df =3.Oum
CoIlum1n 2 D8- I or RTX- Il05m x 0.53 inm ID df = 3.0um
CoIlumn 3 Rtx - Volaties; I 20mn x 0.53mmn ID df-2.0Um1
Carrier gats II celiutm
PUrge Flow / time 40 niL/min, I I mninUteS
Desorb Temp / time IXO0C. 2 minuties (220"C for Vocarb 3000)
Bake Time / temp 200 C, 12 minuteLs (230"C foir Vocarb 3000)
Transfer line / valive tempij lI 5::C
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Table A-5
Surrogate and Internal Standard Concentrations

Standard Components Working Solution 1Spike amount Final concentration
l.tg/mL, gL (for 5 mL pg/L (pg/kg)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ ~~~~~~~~ ~~purge) __

[Aromatic S/S 4-Chlorotoluene ()120 15 20
vatides 1I5 I1-Chloro-4-fluorobenzene (1S) 140 1______ 40

H-alogenated 4-chlorotoluene (SS) 120 15 20
volatiles IS/SS I1-Chloro-4-fluorbnen I) 140 11_______40
Combined Fluorobenzene (SS) 120 15 20
Aromatic and _ _ _ _ _ _ _ _ _ _ _ _

halogenated 1,4-Dichlorobutane (SS) 120 15 20
volatiles IS/SS I -Chloro-4-fluorobenzene (15) 140 110 40

It may be necessary to select different surrogates in order to minimize sample interferences. I-chloro-4-fluorobenzene
and 4-chlorotoluene are fairly well resolved from analytes listed in this SOP. However 4-chlorotoluene may sometimes
be requested as a target analyte. Other surrogates that may be considered, and issues associated with their use are
Bromochloromethane: Elutes very close to chloroform and cis-I1, 2-dichloroethene on the 502.2 column.

May be a target analyte.
1 ,2-Bromochloroethanc:
I1-Chloro-2-fluorobenzene. Elutes close to ethylbenzene on DB-]I or Rtx-lI and close to m,p-xylene on 502.2
a,a,a-Trifluorotolucen: Good for aromatic volatiles, coelutes or very close to trichloroethene
Bromofluorobenzene: Close to 1, 1,2,2-trichloroethane and I1,2,3-trichloropropane on the 502.2 column.

Good on OP- I or Rtx-l1.
2-Bromno- I -chioropropane. May coelute with 1, 1,2-trichloroethane

Table A-6

_____________ ~Concentrations for LCS and MS/MSD compounds ___________

Standard Components Working Solution pg/mL {Spike amount pl- Final concentration

- Aromatic 1 __ _ _ _ _ __ _ _ _ _ (5 mL purge) j4tg/L (p.g/kg)

Aromtic I Benzene J120 5 20
1Toluene 120 .20

IChlorobenzenc 120 ________ 20

H-alogenated Chlorobenzene J20 5 20

1,1-Dichloroethene 120 20
Trichloroethene 120 ____()_____2

Combination Benzene 20 5 20

aromatic / Toluene 20 -20

halogenated Chlorobenzene 20 20
1, I -Dichlorocthenie 20 20
Trichloroethene 20 20
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