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APPENDIX A

Project Technical Memorandums, Meeting
Minutes, and Staff

Appendix A contains the following:

¯ Records Search Technical Memorandum

¯ Meeting Minutes for EPA Meeting, November 1998, in Atlanta

¯ Meeting Minutes from February 9, 1999, Meeting to discuss EFU

¯ Human Health and Ecological Risk Assessment Approach Memphis Depot Main
Installation

¯ Results of Pesticide Vertical Profile Sampling TM

¯ Major Project Staff

¯ TDEC Letter, October 16, 1985-Meeting Summary

¯ Draft Fznal Baszsfor NFA Recommendatlons
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TECHNICAL MEMORANDUM

Results of Records Search for Industrial Facilities

Surrounding the Memphis Depot

PREPARED FOR U.S. Army Engineering and Support Center, Huntsville

PREPARED BY CH2M HILL

COPIES The Memphis Depot

DATE April 12, 1999

Background

In October 1992, the former Defense Distribution Depot, hereafter referred to as the
Memphis Depot, was placed on the National Priorities List (NPL) by the U.S. Environmental
Protection Agency (EPA). A remedial investigation/feasibility study (RI/FS) is being
prepared to assess the nature and extent of contarmnation, to evaluate the risk to human

health and the environment, and to screen potential cleanup achons. The Memphis Depot is
surrounded by industrial facilities that may have had contaminant releases m the past. The
purpose of this technical memorandum is to present a preliminary assessment for the
potential of contarrunant migration onto the Mempl’us Depot from the surrounding
mdustnal facihties.

Approach
On December 16, 1994, a tour of facilities around the perimeter of the Memph:s Depot was
conducted w, lth Ulysses Truitt, a former employee of the Memphis Depot. The tour revealed
three dry cleaning faohhes, two paint shops, two junk yards, two electric shops, one prmter,
three gas stahons, two equipment repair shops, and one salvage business.

On December 12, 1994, Agency Information Consultants (AIC) conducted a records search
of industrial facilities for 13 zip codes surrounding the Memphis Depot. The search revealed
388 industries. Industries located within 3 miles of the Memphis Depot were selected for a
records search conducted at the Tennessee Department of Environment and
Conservation (TDEC).

On the basis of the AIC search, 35 facilities within the 3-rmle radius were recommended for
further mvestigahon. TDEC had existing files for 22 of the facillheS. The files were copied
and a summary for each site was prepared and is included herein.

On January 30 and 31, 1995, a records search was conducted at the Region IV EPA budding
in Atlanta, Georgia, of the 35 facilities mentioned above. The EPA had files on the
Comprehensive Environmental Response, Compensat:on, and L:abihty Act (CERCLA) sites

ATL/147543/APPENDICES/APPNRECSEARCH_TM DOC A-3 110479 NA 77
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RESULTS OF RECORDS SEARCH FOR INDUSTRIAL FACILITIES SURROUNDING THE MEMPHIS DEPOT

surrounding the Memphis Depot. The information was copied and added to the existing
data collected at TDEC.

Table I presents the facilities encountered on the tour of the Memphis Depot perimeter
Table 2 presents the information concerning the facilities for which a records search was
conducted at TDEC and Region IV EPA. Figure I shows the approximate location of most of
the mdustrial facilities listed in Tables I and 2.

Summary Paragraphs

Gould, Inc.
Gould, Incorporated, a manufacturer of lead acid automotive batteries, is located 0.4 mile
north of the Memphis Depot. Hazardous wastes generated by the plant are lead, cadmium,
arsenic, and sulfuric acid rinse water. A routine inspection of the facility m September 1981
indicated that the rinse water was being neutralized and released into the sewer system, and
that the sludge was removed via a septic tank pump and discharged into the sewer.
A closed loop recycling system was then implemented to reduce the amount of sludge
released into the sewer and to meet TDEC’s regulatory requirements. An inspection the
following year (1982) showed the facility to be in compliance with state regulations. Also 
1982, 3 feet of soft below an old acid farm were removed because of contamination and sent
to a hazardous waste landfill.

During May 1994, three monitoring wells (MWs) were installed and sampled. Samples from
all three wells contained metals. Groundwater samples from upgradient well MW-1
contained several chlorinated organic compounds. The final conclusion from the September
1994 Halliburton NUS site investigation (SI) report was to further investigate the
groundwater because of the high levels of cadmium present.

Old Estech General Chemical
Old Estech General Chemical is located about a rrule northeast of Dunn Field. During the
1950s and 1960s, this corporation manufactured organic phosphate and chlorinated
hydrocarbon pesticides. According to interviews with employees who worked at the
facility, the only contamination present would be from accidental spills around the facility.

During the week of August 9, 1993, the B&V Waste Service and Technology Corporation
(BVWST) field team took six surface soil samples around the facility. The soils contained
polynuclear aromatic hydrocarbon (PAH) and pesticide contamination. No groundwater
studies were performed because of the depth to the surficial aquifer. However, the Cochran
Corporation has an on-site well that is 590 feet deep. This well is tested periodically, and no
contaminants are present. All spills were reported and cleaned up; all of the Sis were found
to reqmre no further action when closure was complete.

It is unlikely that sod contamination at this facility has affected the Memphis Depot. The low
mobflltles of PAHs and pesticides from soil to groundwater, combined with the d~stance
from the Memphis Depot, preclude any effects from operations at Old Estech General
Chemical to the Memphis Depot.

ATU147543,’APPENDICES/APP/VRECSEARGH_TM DOC A-4 110479 NA ZZ
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TABLE 2
Summary of Industnal Facilities Adlacent to Memphts Depot Investtgated During Tour
Memphis Depot Mare Installahon RI

Site Address Comments Map ID
Sunshine Uniform Co. 1835 Mclean St 23
Bensons Body Shop 2008 Person Ave. 24
Previous Gulf Service Station 1731 Castada Rd 25
Pigue Tire Shop 1701 Castada Rd 26
Contract Painting and Sandblastm9 Co. 2213 Fdmore 27
ElectrLc Repair Shop Alcy Rd 28
Shaof Motor Corporation 2261 Atrways Blvd. Heavy equ,pment repair shop 29
Kerr McGee Corporation 2236 Airways Blvd. 3O
Chezlta Gardens Laundry 2t13 Alcy Rd Former Dry Cleaners 31
Sc~plo’s Grocery and Gas Station 1578 Person Ave, 32
Automotive and Radtator Shop 1580 B Person Ave 33
Junkyard Rozelle and Person Ave 34
QO Grain Process[n9 Rozelle at I C & G RR 35
MLG&W Asset Reclamation Yard 1629 Rozelle Rd Stored transformers 36
Production Spectalty Inc. 1782 E Person Ave Retrofit street lights 37
General Machine Works Inc 2001Wabash 38
Kello99 Inc 2168 Frisco Ave Burns propane 39
Nahunal 2129 Fnsco Ave. Manufactures and fabricates propane tanks 4O
Bar-H Body Shop 2199 Frisco Ave, 41
Leath Pamtm9 Co 2203 Freemont Ave 42
JRP Pamtm9 2308 Freemont Ave 43
Jaco Bryant Printers 2214 Freemont Ave 44
Choctaw Construction Co 2193 Freemont Ave. Exlstm9 9as tank 45
Diamond Steel 2217 Freemont Ave Exlstm,g Kerosene tank 46
Junkyard 2160 Dunn Road 47
Ma£netlc Electric Co. 1992 Atrways Blvd. 48
A-1 Tire and Ahgnment 2030 Arrways Blvd. Formerly Exxon 49
Mobtle Process Technology Atrways Blvd Formerly Fnto-Lay 5O
Unnamed Dry Cleaners 1574 Afcy Rd Closed for about 20 years 51

ATU147543/APPENOtCESfAPP A/records search tables 1 and 21 xlst able 2 A 6
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RESULTS OF RECORDS SEARCH FOR INDUSTRIAL FACILITIES SURROUNDING THE MEMPHIS DEPOT

Rexham Corporation
The Rexham Corporation, located 1 mile west of the Memphis Depot, manufactures flexible

food wrappers. Waste generated during the manufacturing process includes non-
halogenated solvents and inks. The facility reported that it uses approximately
110,000 pounds (lbs) of solvents annually. Records indicate that no waste was stored at the
site for longer than 90 days.

Groundwater flow from the Rexham Corporation is south toward Nonconnah Creek.
The closest drinking water well is 0.75 mile east of the site, located in the Allen Well Field.
Because of the proximity of the Allen Well Field, further groundwater investigation was
recommended by Halliburton NUS in a September 1993 SI Report. However, because the
groundwater flow direction from the site is toward the south, the Rexham Corporation
poses no threat of leaching onto the Memphis Depot.

Enpack, Inc.
Enpack, Inc., is located 0.75 n-ale north of the northeastern corner of the Memphis Depot
boundary. On August 24, 1994, Enpack was issued a Corrective Action Order by TDEC to
address the problem of lead oxide contamination. Before 1975, lead oxide was delivered to
the facility by rail car, where it was unloaded manually. Drums often were broken during
transport and off loading, spilling the contents onto the ground. Cleanup procedures were
not adopted and the Corrective Action Plan was not available at the time of the TDEC and
EPA record search. Because of the lack of cleanup procedures and the unavailability of a
corrective action plan as follow-up to TDEC’s Corrective Action Order, it is not known if
cleanup of this site has been sufficient. Because of this situation and because of the
proximity to the Memphis Depot, this facility could be a potential contributor to
contarrunat~on at Dunn Field.

Memphis Furniture Manufacturing Company
The Memphis Furniture Manufacturing Company has been in operation since 1892. In 1980,
there was evidence of spillage onto concrete and bare ground from drums containing
materials used in the painting process and general machinery maintenance. On the basis of
this information, the potential contannnants were detern’uned to be naphthalene and
trichloroethylene (TCE).

The site is located 0.4 rrule east of the Memphis Depot boundary. Black & Veatch Waste
Science, Inc., investigated the site in 1994 and found it to be a low-exposure risk along
surface water and surface soil pathways. The groundwater pathway was designated as the
area of greatest concern, but the depth to the Memphis Sand Aquifer is large enough to
mlnin’uze the effects of release. On the basis of this information, no further action was
recommended for the Memphis Furniture Manufacturing Company. However, no
investigation was conducted regarding the possibility of a release to the shallow Fluvial
Aquifer, which is not a source of drinking water. Because of the proximity of the Memphis
Furniture Manufacturing Company to the Memphis Depot, the known potential for

contamination, and the absence of substanhal sampling reformation, this site cannot be
ruled out as a possible contributor to groundwater contamination.

ATLI1475431APPENDICES/APP/k/’RECSEARCH_TM DOC A-8 110479 NA ZZ
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RESULTS OF RECORDS SEARCH FOR INDUSTRIAL FACILITIES SURROUNDJNG THE MEMPHtS DEP()T

Auto Zone
The Auto Zone at 1471 Rozelle is located 0.5 mile north of the Memphis Depot. In July 1993,, .
Murphy Environmental Services, Incorporated, performed an underground storage tank
(UST) closure at this site. During tank removal, "obvious contarrunation" was encountered.
Laboratory results indicated total petroleum hydrocarbon (TPH) levels of 3.16 milligrams
per kilogram (mg/kg) and 10.0 mg/kg. Contaminated soils were disposed off-site at the
North Shelby Landfill in Millington, Tennessee.

The Auto Zone at 1700 Dunn Avenue is located on the southwestern corner of the Operable

Unit (OU)-I boundary to the Memphis Depot. During the installahon of a UST at this
location on October 16, 1978, a line was broken, spilling approximately 300 to 500 gallons of
diesel fuel. Spillage was contained in the excavation site. The area was sandbagged and
plans were made to begin pumping spillage out of the excavation site the next day.

In July 1993, the UST was removed and the excavated soil tested above state limits for TPH.
The soil was disposed off-site at the North Shelby Landfill in Millington, Tennessee.

Because of the removal efforts at both Auto Zone locations, it is unhkely that the threat of
leaching exists associated with the two incidents.

Goodyear Tire and Rubber Company
The Goodyear Tire and Rubber Company is located about I mile northeast of Dunn F:eld.
The site contained a 550-gallon steel tank that contained waste oll and was removed in
December 1990. The soil samples taken from the UST excavation did not indicate any soil
contamination (TPH). As of October 2, 1991, Goodyear requested that TDEC grant final
closure for this location. The UST appears to have been removed appropriately and without
release to the underlying soil. It is therefore beheved that this site has had no effect on the
Memphis Depot.

Memphis Coca Cola Bottling Company
The Memphis Coca Cola Bottling Company is located 21,4 miles northeast of the Memphis
Depot. In November 1988, a diesel line leak occurred. Laboratory testing indicated
TPH levels above state cleanup levels. Excavation was performed, and no further action was

recommended. An SI conducted later by EPA found and documented only empty drums
containing broken glass around the excavation site. On the basis of the removal efforts and
the SI results, there is no evidence of contaminahon at this site.

Serv-O-Matic
Serv-O-Matic, 2630 Midland Avenue, is located 2~,4 miles northeast of the Memphis Depot.
In February 1990, samples collected from soil borings around a UST indicated TPH levels m
excess of state contamination cleanup levels. Further investigation included the installation
of four monitoring wells and four additional borings. The reported contamJnat:on appeared
to be the result of improper drilling, equipment decontamination, or sample collection.
No further action was recommended for the site. On the basis of this reformation and the
distance of the site from the Memphis Depot boundary, this UST site should have no effect
on the Memphis Depot.
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RESULTS OF RECORDS SEARCH FOR INDUSTRIAL FACtUTtES SURROUNDING THE MEMPHIS DEPOT

Bellevue Rally Service Station
Bellevue Service Station is located 0.75 mile west of the Memphis Depot. The fac:tity
contained three diesel USTs and two gasoline USTs. The tanks were removed from the site
in July 1990. The tank hnes contained holes that leaked product into the surrounding soils
and groundwater. Soil borings and wells were installed at the site, and one monitoring well
was installed off-site, hydrologically upgradient from the property. The contaminated soils
from the tank excavations were stockpiled on plastic at the site to be aerated.

The northwest tank pit soils contained benzene, toluene, ethyl benzene, and xylene (BTEX)
and TPH at concentrations above state cleanup levels. Excavation activities were limited by
the building foundation. Therefore, the pit had to be filled even though the existing
contaminant levels exceeded the state cleanup criteria. The wells on-site contain levels of

BTEX and TPHs above the state cleanup criteria. As of November 15, 1994, the
environmental assessment had been issued to TDEC for recommended cleanup procedures.

The service station possibly is hydrologically upgradient to the Memphis Depot.
The absence of any petroleum hydrocarbons in groundwater samples from upgradient wells
on the western boundary of the Memphis Depot suggests that contamination from the
service station has not affected groundwater flowing beneath the Memphis Depot.

Bulk Mail Center
The Bulk Mail Center is located about 0.5 mile west of the Memphis Depot. During the week
of March 4, 1992, four tanks were removed from the site. During the excavation, 250 cubic
yards (yd3) of soil were removed. No groundwater was encountered during the
excavation activities.

The soil around the tank pit was over excavated horizontally until no contaminants were
detected by laboratory analyses. The vertical extent of sampling was conducted until the
tank anchoring pad was encountered; the pad was removed and the soils beneath the pad
showed no contamination. The pit was then filled. The excavated soil showed moderate
levels of BTEX and TPH contarmnation. An aeration basin was constructed on-site and the
excavated soil was allowed to aerate until the soils showed no detection of contarmnants.

The soil was then graded in place. It is therefore unlikely that the Memphis Depot has been
affected by the leaking tanks.

Forest Hill Cemetery
Environmental assessment activities were conducted at Forest Hill Cemetery, approximately
1 wule northwest of the Memphis Depot. After the removal of two USTs in March 1991, the
assessment isolated petroleum contaminant effects on site soils and groundwater above the
state regulatory limits. Analytical results of groundwater sampling also indicated iron and
manganese levels in excess of secondary standards for drinking water. Over excavation was
used as a partial solution along only the northern boundary. Alternative methods proposed
to remove the TPH contamination were pump and treat, vapor extraction, or
bioremedlation.

During routine groundwater level measurements in February 1994, free product was
detected in the northernmost Recovery Well. Product was balled and drummed on a weekly

ATU147543/APPENDICES/APPAtRECSEARCH=TM DOC A-10 110479 NA ZZ
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basis. In August 1994, samples collected were below detection levels for BTEX and TPH.
No further action was recommended for the site.

This cemetery is not upgradient to the Memphis Depot and its closest edge is I mile from
the facility. Therefore, it is unlikely that the cemetery poses a threat of leaching onto the
Memphis Depot boundary.

Vickers Gas Station
Vickers Service Station, located 1.5 miles east of the Memphis Depot, reported a gas line leak
on July 31, 1989. A leak detector tripped and shut the pumping system off; therefore, it was
suspected that only minor amounts of product had been released. However, although the
soils around the line were excavated, free product flowed into the excavahon p~t. Wells and
soil borings were installed around the facility in the shallow (approximately 20-foot) and
deep (approximately 35-foot) aquifers.

The enwronmental assessment achvlties conducted at the service station have ~solated
petroleum contamination above regulatory limits for groundwater, but not for soils.
The state regulatory limits for benzene and TPHs were exceeded in groundwater samples
These parameters extend in an irregular circular pattern within a 100-foot radius only m the
shallow aquifer. The wells, which had free product layers of 0.5 to 1.5 inches, were balled
and the product was taken off-site to a recycling facility As of September 1993, two wells
still contain product and skimmers have been placed in the wells to continuously remove
the product.

Because of the &stance of Vickers Service Stahon from the Memphis Depot (1.5 miles) and
the size of the contamination plume (200 feet in diameter), it is doubtful that this incident
has affected groundwater at the Memphis Depot.

Tension Envelope Corporation
The Tension Envelope Corporation is 1.5 rrules east of the southeastern comer of the
Memphis Depot and is an reactive hazardous substance site. During October 1986,
O. H. Materials sampled and over packed 22 drums located at the facility. The results of the
drum sampling indicated that the drums contained hazardous substances. One well (Brooks
Well) located on the property also was sampled. The groundwater sample revealed that no
contamination was present. As of 1986, no further information about the drums is known.

Because of the lack of reformation pertaining to any releases at this location, its effect on the
Memphis Depot cannot be evaluated.

Other Facilities
The remaining seven facilities-including Charlie Brown Body Shop and Sales, Buckeye
Memphis South, Ralston Purina, Schering-Plough Health Care Products, Direct Motor
Express, Memphis Board of Education, and Kellogg USA-have EPA generator numbers
assigned to them and are subject to site inspection. Records indicate that there is no reason
to suspect that these locations have affected environmental condihons at the
Memphis Depot.

ATUt47543tAFPEN D~CES/APPA/RECS EARCH_TM DOC A-~ 1 t 10479 NA ZZ
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Former Businesses

During the perimeter drive-by inspection, the locations of two former dry cleaning
businesses were idenhfied. One is located at 2113 Alcy Road, approximately 2,000 feet
southwest of the southeastem corner of the Memphis Depot; this business is now a coin-
operated laundry. Dry cleaning activities ceased approximately 9 years ago. A second dry
cleaning busmess was located at 1574 Alcy Road, approximately 1,200 feet south-southeast
of the southwestern corner of the Memphis Depot. It was eshmated that this business has
been closed for nearly 20 years. Chlorinated solvents commonly are used in the dry cleaning
:ndustry. Chlorinated solvents have been detected in groundwater samples collected from
momtormg wells in the vicinity of these former businesses; therefore, they cannot be ruled
out as a possible source of volatile organic compound (VOC) contamination.

Conclusions

Activities at some industrial facditles neighboring the Memphis Depot have affected the
environment to the extent of requiring cleanup measures. The records m&cate that
contamination has been local and, in most instances, well dehned. The likelihood of these
locations contributing to soil contaminahon at the Memphis Depot is low. Groundwater at
some locations also has been affected; however, the plumes have been confined to a small
geographic area at the facihties upgradient of the Memphis Depot and groundwater plumes
have not been established The potential effect on groundwater from former activities (such
as dry cleaning businesses) is unknown.

ATU 147543’APPENDICES/APPA/RECSEARCH_TM DOC A-12 110479 NA ZZ
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Memphis Depot Main Installation Risk Assessment ~r

Approach Meeting

ATTENDEES: Ted Simon/USEPA
Turpin Ballard/USEPA

Ruth Chen/TDEH
Jordan English/TDEC
Shawn Phillips/DDSP-FE
Dorothy Richards/CEHNC

Scott Bradley/CEHNC
John Martin/CH2M HILL
Vijaya Mylavarapu/CH2M HILL
Leslie Shannon/CH2M HILL
Greg Underberg/CH2M HILL

COPIES: Sharon Thoms/USEPA
Sue Freiberger/CH2M HILL

Sharon Belser/CH2M HILL
Betsey Garland/CH2M HILL

TO:

FROM:

DATE.

Project File

Leslie Shannon/CH2M HILL
Greg Underberg/CH2M HILL
Vijaya Mylavarapu/CH2M HILL

November 17, 1998

A meeting was held at the U.S. EPA offices in Atlanta on November 16, 1998 to discuss and
agree upon the risk assessment approach for the Memphis Depot Mare Installation. Topics
discussed during the meeting are summarized below according to Action Items, Decisions
Made, and Other Issues.

Action Items

The meeting minutes and phone call logs will be included as an appendix to the RI
Report. The purpose of including the minutes is to provide the EPA contractors that will
review the report an understanding of the decisions made that influenced preparation of
the report.

CH2M HILL will redo the RI Report outline, based on a functional unit rather than
operable unit (OU) subdivision, and submit to EPA for a preliminary review. EPA and
TDEC will determine what admimstrative changes, if any, need to occur to shift from
OU to functional unit groupings.

The Natural Resource Trustees (e.g.U.S. Fish and Wildlife Service) will be notified 
writing of all meetings and the proposed screening levels. This needs to be
accomplished now. Shawn Phillips and John Martin will contact the involved parties
and prepare a letter of information necessary.

ATU147543/APPEN DICESIAPP NFINALRA MTG1 DOC A-13 147543 BL 01



MEMPHIS DEPOT MAIN INSTALLATION RISK ASSESSMENT APPROACH MEETING

¯ CH2M HILL will involve Jordan English in the screening process to select the surrogate
site for each functional unit and each exposure scenario, at his request.

¯ Dr. Vijaya Mylavarapu agreed to fax the new Interim Guidance on Toxicity Equivalency
Factors to Drs. Simon and Chen, who will then have a conference call with Dr.
Mylavarapu. Their decision on how to handle the PAHs will then be appended to the
meeting minutes, and included in the RI Report.

¯ Dr. Simon will provide Drs. Vijaya Mylavarapu and Chen with a copy of the new draft
national guidance on dermal toxicity criteria. Newer guidance modifies the intake
estimates through adjustment of the adherence or adsorption factors, which will be
implemented in the dose calculations. These three individuals will then hold a
conference call and relay their decisions, which will be appended to these meeting
minutes.

The site lead target concentrations will be determined by an IEUBK model for an adult.
Dr. Simon provided CH2M HILL with a copy of the guidance.

Dr. Simon strongly urged CH2M HILL to submit the interim deliverables now from the
ecological risk assessment, and get the agreement of the Natural Resource Trustees for
the first Scientific Management Decision Point (SMDP), otherwise the RI process could
be slowed down.

¯ Dr. Simon will send John Martin a copy of the latest guidelines or information regarding
ecological soil benchmarks. These included the Canadian and Dutch soil values.

¯ Jordan English will determine who from TDEC will review the Ecological Risk
Assessment, and provide this name to CEHNC.

¯ Shawn Phillips will send a copy of the base Reuse Plan to Vijaya Mylavarapu.

¯ CH2M HILL will send a copy of the Background Report to Dr. Chen.

¯ Jordan English will provide a letter on TDEC letterhead that identifies the background
levels of arsenic in western Tennessee. This letter will be provided to EPA to support
selection of a Memphis Depot-specific arsenic background level. If available, the
analytical data will be provided which will be included the arsenic background
statistics.

¯ Greg Underberg will provide documentation of derivation of the existing 20 mg/kg of
arsenic background value.

Issues Discussed and Decisions Made

General Issues

EPA indicated that risk communication issues will be dealt with after the risk
assessment is conducted. We will prepare the risk assessment following established
guidelines and procedures and manage communication to the public later.
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MEMPHIS DEPOT MAIN INSTALLATION RISK ASSESSMENT APPROACH MEETING

488
¯ Dr. Simon mentioned that there is a new document in progress entitled "Process for

Ecological Assessments at Federal Facilities in Region IV", but it is not yet available.

¯ Regarding ecological risk, Dr. S:mon mentioned that the COPCs are typically negotiated
at the second SMDP (in Step 3).

¯ EPA indicated that the purpose of the OU is to facilitate risk reduction. CH2M HILL
proposed using Functional Units (FUs) in place of OUs to represent the contaminant
nature and extent and risk evaluations from BRAC parcels, and individual RI and SS
sites. Therefore, the RI Report will be reorganized around functional units as chapters.

¯ The RI sites within a functional unit will be evaluated and prioritlzed in terms of human
health risk using the Preliminary Risk Evaluation (PRE) methodology reported in the
Final Prehminary Risk Evaluation (CEHNC; April, 1998). CH2M HILL will evaluate the
site(s) with the highest PRE risk that also cover the contaminants of concern identified
by the PRE methodology for all sites within the functional unit. To reduce the number
of site-speclhc risk assessments, baseline risk assessment will be performed only on the
worst site(s) thus providing a conservative surrogate risk for the remaming sites.

¯ PRE results will be included as an appendix to the RI Report.

¯ The Exposure Point Concentration (EPC) will be calculated for a functional unit, and for
the site listed as highest priority in the PRE for scenario-specific intake estimated.

¯ A residential scenario should be evaluated. Institutional controls will not be invoked
during the risk assessment. Region IV and TDEC assume that there are no institutional
controls in place.

¯ At sites that have already been remediated, CH2M HILL will conduct a residual risk
assessment using post-remediation sampling data only. The report will clearly state that
this risk assessment represents post-removal conditions.

¯ Groundwater at the site will be evaluated as one site with multiple plumes. Orgaruc
chemicals will be evaluated as plumes and inorganic chemicals, if they do not occur as
plumes, will be evaluated as one site and estimate the 95% UCL for exposure
quantitation.

¯ EPA Region IV and TDEC both agree that the RAGS Part D format will not be
implemented in this Baseline Risk Assessment or RI Report.

¯ Since lead has no toxioty factor, it will be screened against the screening criteria for
residential and industrial receptor protective values. I-hgh lead sites will be evaluated
using IEUBK model for adult receptors.

¯ The new dermal guidance scheduled to be out shortly lowers some of the dermal
exposure factors such as the adherence factor, resulting in lower intake through dermal
exposure pathway. EPA recommends using this newer guidance at Memphis Depot.
After CH2M HILL reviews the guidance, a conference call may be scheduled to discuss.

¯ CH2M HILL will add a child exposure scenario to the Exposure Factor Table 3.

22
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Conceptual Site Model

The conceptual site model will be a flow chart similar to the one presented at the
meeting. An example of the flow chart will be included with the Example Functional
Unit document.

The CSM will present the potentially complete pathways based on the information
available on a site to date. EPA suggested adding/keeping the incomplete pathways on
the figure to indicate all the pathways have been considered in the evaluation.
Ecological and human receptors will be presented in the same flow chart.

Guidance to be followed for RA

¯ The latest available guidance will be followed.

No Tennessee risk assessment guidance exists. Tennessee follows the EPA Region IV
guidance. TDEC indicated that the project should follow the EPA risk assessment
guidance.

Data Evaluation

¯ All the analytical data collected by CH2M HILL will be used for COPC selections and
quantitative evaluations.

Historical data collected in 1990 by Law Engineering will not be used in the risk
assessment due to the lack of supporting QA/QC data. Also because CH2M HILL could
not conhrm the previously reported concentrations by Law through resampling.

Exposure Assessment

¯ Exposure pathways to be evaluated include a worker scenario for the current land use,
evaluating a current maintenance worker exposure. Future exposure scenarios will
include a default worker and resident.

¯ When exposure factor exposure time (ET) is modified for smaller sites, EPA suggested
using the fraction ingested (FI) term for ingestion, provided an explanation of how the
number was derived is gwen m the text. Other similar terms will be included for dermal
and inhalation pathways with proper explanation.

¯ The dermal exposures should be estimated using the latest adherence/adsorption
factors which results m dermal intakes lower than oral intakes. The new draft national
gmdance on dermal exposure will be used m this risk assessment, as soon as it is
available.

Exposures will be evaluated for a maintenance worker from a FU, and from a site listed

with high potential risks from PRE results. Future worker and residential scenarios will
also be evaluated for the FU and ’worst-case’ site. This selected site conservatively

represents the worst-case exposures from a FU, to account for potential higher
concentration areas within the FU. Dr. Chen expressed concern that the risk assessment
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should consider multiple exposures - for example, a golfer at Memphis Depot may also
be an employee that works in one of the parcels. Other multiple exposure scenarios
include the worker/resident or resident/ballplayer scenarios. The exposure assessment
discussion should include these scenarios.

24

The site management decisions will be based on future land use, which is likely to be
industrial. The proposed future land use will be documented using the existing Base
Reuse Plan.

¯ A future residential land use will also be evaluated and included in the report. The
narrative should state that this scenario was included for comparison purposes only.
Fugitive dust exposure to offsite residents will be evaluated for sites near the perimeter
of Memphis Depot.

¯ Exposure point concentrations are the UCL95% concentration on the mean. For
groundwater, the EPCs are the average the well concentrations from center of the plume

0.e., well with the highest total contamination) for organic constituents and UCL95%
estimates of all well concentrations within the aquifer for the inorganic chemicals. Each
contaminant plume will be evaluated separately.

Toxicity Assessment

¯ Toxicity factors will be obtained from EPA databases (EPA Region IV does not prefer the
values from EPA Region III RBC Tables).

¯ PAHs are proposed to be evaluated by applying the TEF factors to the concentrations,
pending EPA’s final decision on this issue.

Remedial Goal Options

RGOs will be calculated for both industrial and residential scenarios following the EPA
Region IV guidance.

Ecological Risk Assessment

¯ CH2M HILL will use exclusively the EPA Ecological Risk Assessment Guidance for
Superfund: Process for Desxgnmg and Conducting Ecologzcal Risk Assessments, June
1997 Interim Final for preparing the ecological risk assessment.

¯ Steps 1, 2, and 3 will be conducted as necessary for the RFI. Steps 4 through 8 will not be
conducted.

¯ An environmental checklist will be completed that is based on a site visit and existing
site-specific information.

¯ The screening benchmark levels proposed for the ecological risk assessment are:

-Surface Water - EPA Region IV, TN Surface Water Quality Standards

-Sediment - EPA Region IV gmdelines
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.

-Surface Soil - Canadian Soil Quality Criteria, Dutch Soil Cleanup Criteria

¯ The Screening Level Risk Calculation Results include: COPCs with HQs > I will be
considered in Step 3; COPCs with HQs < I will no longer be considered COPCs, and

COPCs without benchmarks will be considered in Step 3. If the screening benchmarks
were based on detection limits, these COPCs will also be carried forward into Step 3.

¯ Step 3 allows for risk management decisions to be made regarding COPCs, whereas in
Steps I and 2 risk management is not involved.

¯ The group is in general agreement that there is minimal ecological habitat at the facility.

General Site-wide Issues Discussion and Decisions Made

¯ The site PAHs are widely distributed at the Main Installation and appear to be from
non-point sources. The documentation and site management decisions should be based on
PAH levels in background and potential source material such as asphalt.

¯ Railroad tracks and general low levels along the roadways are considered non-point
sources.

¯ Based on PAH levels in the asphalt sample and railroad ties wood samples from other
sites, PAHs detected at the site may not be site-related. It was decided that the
occurrence of PAHs at railroad yards will be included in the risk assessment uncertainty
discussion to provide a perspective for the risk managers. New samples collected for
asphalt will be used to determine if the site PAH data appear to be similar to these
source material PAH contents.

PAHs in the background comparisons should be included as part of nature and extent
and possibly in the uncertainty section of the RA

Arsenic is a naturally occurring inorganic typically observed in the background above
health-based criteria. Single background concentration value comparisons may be
exceeded at some of the sampling location, thus selecting arsenic as a COPC for the site.
CH2M HILL proposed to evaluate the distribution of the arsenic data and identify
elevated concentrations that are associated with a suspected arsenic source or are
indicative of a release as identified via spatial co-location of elevated concentrations
above background. These values will be removed from the onsite population of arsenic
values. This trimmed onsite and the background arsemc population will be tested
statistically to determine if the onsite population, less elevated concentrations assooated
with specific CERCLA sites, is significantly &fferent from background. If the test does
not show that the onsite dataset is statistically different from background, then risk
assessment will not be mcluded as arsenic at that location is not a COPC.

EPA (Dr. Simon) suggested to consider using two tests to conduct the onsite 
background statistical evaluation. For each COPC, both the Gehan test (a version of the
Wilkoxson test corrected for nondetects) and a nonparametric tolerance interval of the
lower concentration level at the 5th percentile lower confidence limit of the 0.9 quartile

would be used. If either of these tests is positive, then it cannot be shown that the onsite
data are from the same distribution as the background data. Outliers could be discussed
in the uncertainty section of the risk assessment.
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Dr. Simon indicated he could accept a population test for arsenic, provided an adequate
documentation of the decisions made was maintained, particularly documenting the
elevated levels of arsenic due to pesticide applications across the west Tennessee region.
Dr. Simon requested that TDEC provide a letter, on TDEC letterhead, documenting the

background levels of arsenic found in western Tennessee. He also requested that if the
analytical data was available, it be tested against the 22-sample Memphis Depot dataset
and, if the populahons were determined to be the same, they be combined into one

background dataset to improve the power of the background to onsite population tests.

The derivation of the arsenic background value developed by CH2M HILL will be
attached to these meeting minutes.

The following decisions regarding sitewide dieldrin were either made or reiterated:

-The Region III industrial land use criteria of 360 ug/kg (ppb) is essentially 
surrogate background value for dieldrin derived from the BCT evaluation of the
dieldrin population testing.

-Any detected dieldrin concentration above 360 ppb is a COPC and subject to risk
assessment, anything below 360 ppb is a not a COPC.

-With regard to functional units and pesticide management sites, if the UCL is
greater than 360 ppb, then more risk assessment or other mveshgation is needed. If
the UCL is less than 360 ppb, this site is finished and may go to No Further Action.
Text describing this issue should be placed in the RI Report.

- Because of its ubiquitous application at Memphis Depot, dieldrin will be evaluated
as a site-wide constituent with the exception of those sites where dieldrin was
specifically handled or stored.

26

ATU147543/APPENDICES/APP NFINALRA_MTG 1 OOC A-19 147543 BL 01



488 27
MEMPHIS DEPOT MAIN ~NSTALLAT[ON RISK ASSESSMENT APPROACH MEETING

THIS PAGE INTENTIONALLY LEFT BLANK.

ATU147543/APPENDICES/APP MFINALRA_MTG 1 DOC A-20 147543 RL 01



MEETING SUMMARY

488

C.H2MHIL/

28

Memphis Depot Example Functional Unit Review

Meeting Minutes

ATrENDEES: Shawn Phillips/DDSP-FE (901)
544-0611

Turpin Ballard/USEPA (404)
562-8553
Jordan English/TDEC-DSF (901)
368-7953

Ted Simon/UEPA (404) 562-8642
Brian Deeker/TDEC-DSF (901)
368-7955
Ruth Chen/TDEC

Dorothy Richards/CEHNC (256)
895-1463

Scott Bradley/CEHNC (256) 895-
1637
Kurt Braun/CESAM (334) 690-
3415
Vijaya Mylavarapu/CH2M HILL
(352) 335-5877
Leslie Shannon/CH2M HILL

(334) 271-1444
Greg Underberg/CH2M HILL
(423) 483-9032

FROM: Greg Underberg

DATE: February 20, 1999

Vijaya Mylavarapu opened the session with a discussion of the surrogate site selection
process. She said that the highest risk site was selected in each Functional Unit (FU) based
on the original Preliminary Risk Evaluation (PRE). Remedial Goal Options applicable to the
enbre FU will be calculated based on a surrogate, highest risk site.

There was some discussion about the use of tables for selection of constituents of potential
concern (COPC). Ted Simon commented that the tables that were presented did not follow

the guidance offered by EPA Region IV. Table 11-4 should show the maximum, minimum,
average, and number of detects for all chemicals that were detected. Tables supporting the
discussion of nature and extent should address all chemicals, not just those that exceed
screenmg criteria. It was determined that these tables should consist of the right section of
Table 11-4 combined with the left section of the Appendix A Tables. Ted Simon referred to
the tables identified in the EPA guidance.

The nature and extent discussion should address all chermcals. There was some discussion
that the screening criteria were needed to focus the nature and extent, particutary since the
Main Installation has numerous sites to address. However, Ted.Simon said that EPA
guidance requires all chemicals to be considered in the nature and extent section.

Ted Simon and Turpin Ballard said that the figures provided in the EFU presented too much
information and were difficult to review. They suggested use of more figures, colors,

contouring and other techniques to reduce the data clutter. It was suggested that the text
bridge tabular presentation of all the data with the graphics.
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The chemical concentrations presented in Section 7.4.4.1 (Page 7-16) should not be referred
to as the Reasonably Maximum Expected (RME) Concentration. The term RME refers to the
scenario that produced the Exposure Point Concentrations (EPC), not the concentration
itself.

Ted Simon said that it is EPA Region IV’s policy to be conservative and therefore the
maximum rather than average concentrations should be used for exposure calculations.

The methodology for calculating the residential exposure was discussed. It was determined
that within each FU, the maximum risk sample would be identified based on a rerun of the
PRE methodology including new data. Exposure concentrations would be calculated based
on the COPC concentrations within this maximum sample. The maximum risk sample
would be representative of the RME for a typical residential lot. A ½ acre lot would be
placed over the sample, but this would be for presentation purposes and would not affect
the calculations.

The RGO will be based on the UCL95 (average) of the site and therefore will not 
interpreted as a maximum, not to exceed criteria.

The industrial risk will be calculated on the FU and the surrogate site basis. The surrogate
site industrial risk will be based on the maxium risk site, considering all samples as
determined in the PRE rerun. The FU-level industrial risk will consider all samples within
the area of the FU.

The PRE will have to be rerun to include new data. The PRE tables and discussion should

be included as an appendix in the RI.

The number of exposure scenarios listed in Figures 11-9 and 11-21 was reduced. Two
residential land use scenarios will be evaluated: the Onslte Maintenance Worker, including
groundskeeper factors, and the hypothetical Onsite Resident. Two industrial land use
scenarios will be evaluated: the Onsite Industrial Worker and the Onsite Utility Worker.

A risk assessment will be performed only for the surrogate RI site in Parcel 3, the golf course
and recreational areas. The streamlined risk assessment performed as part of the Parcel 3
EE/CA is acceptable as the FU level risk assessment.

Ted Simon suggested that little maps showing the exposure units should be imbedded in
the text to enhance readability. Ted Simon also suggested that only one to two authors have
responsibility for the text to prevent it from being segmented and choppy.

Calculation of groundwater risk was discussed. For parameters that occur in a plume
(organics at the Main Installation), the Region IV guidance will be followed that uses the

average concentration from approximately 3 wells located in the highest concentrated
region of the plume as the EPC. In the case of the Main Installation, the well with the
highest organic concentrations In each of the three areas of organic contamination will be
averaged as representative of organic constituents across the Main Installation. The EPC for
constituents that do not occur as a plume, principally inorganics, will be represented as the
UCL95 concentration. Greg Underberg discussed the sporatic nature of inorganic
contamination observed in wells over the five time periods of sampling. Ted Simon said to
perform the UCL95 calculation with time varying data, but to discuss the nature of
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inorganic contamination in the uncertainty section. It should be discussed in the text that

the UCL95 calculation incorporates uncertainty in well location.

Ted Simon does not like the nature and extent discussion to make a distinction between
organic and inorganic groundwater contamination. Both residential and industrial uses of
groundwater should be considered in the risk assessment.

Jordan English said that the City of Memphis has a covenant preventing drilling of a fluvial

aquifer well for drinking water purposes. Greg Underberg will talk to Carter Gray
regarding the enforceability of this restriction. Jordan English later said that the City will

not permit a well for drinking water purposes if there is a City water drinking supply
available within 300 feet.

Groundwater risk should be included in each FU risk assessment.

Ted Simon suggested that because of the unique characteristrics of the Memphis Depot risk
assessment, Vijaya Mylavarapu stay in contact with him and RC throughout the risk
assessment development.

Data from offsite drainages, railroad tracks, and grassy areas will be included in each FU
risk assessment. Therefore, there will not be separate chapters for sitewlde constituents.

Turpin Ballard, LS, and Greg Underberg discussed the organization of the nature and extent
sections. CH2M HILL had proposed providing nature and extent sections for each site, as
was performed in the Letter Report submissions. Turpin Ballard suggested that a better
approach would be to organize nature and extent along FUs and not each screening or RI
site. It was agreed that this would be a better way to organize the document and
CH2M HILL would reorganize nature and extent discussions to an FU-wide basis.

The group discussed if the changes proposed during the EFU review could be incorporated
and still meet the May 14th milestone for delivery to EPA/TDEC/Memphis Depot for
review. Greg Underberg replied that CH2M HILL would have to meet and discuss the
implications of these changes on the schedule. Turpm Ballard allowed that a partial
deliverable consisting of Chapters 1-7, the groundwater FU, and one soil FU could be
submitted, with the other 5 FUs submitted at a later date.

3O
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Human Health and Ecological Risk Assessment
Approach Memphis Depot Main Installation,

1.0 Introduction
A baseline human health and ecological risk assessment will be conducted at the Main
Installation of Memphis Depot, following EPA and State of Tennessee guidance. The risk
assessment will document the potential adverse effects to human health and the environment,
under both current and future land use conditions. The results of this risk assessment will serve
as the basis for site decisions by the site risk managers. A RAGS Part D formatting for human
health risk tables will not be implemented at this site.

2.0 Human Health Risk Assessment Approach
The following documentation discusses the general approach for the human health risk
assessment to be conducted at each of the RI sites, screening sites, and the Functional units that
include groups of BRAC Parcels. The specific details of the exposure scenarios, complete
pathways, exposure assumptions, land use, acceptable risk levels etc., will be discussed with the
regulatory agencies prior to implementing in the risk assessment. The risk assessment will use
methods recommended by the EPA guidance as listed in the following and other applicable
regional EPA (Region IV) and Tennessee state guidances:

¯ United States Environmental Protection Agency,. 1989. Rtsk Assessment Guidance for
SuperJ~md (RAGS), Volume I, Human Health Evaluation Manual (Part A). EPA/540/1-89/002.

¯ United States Environmental Protection Agency. 1989) Risk Assessment Guzdancefor
Superjqmd (RAGS), Volume II, Environmental Evaluation Manual. EPA-540/I-89/001.

¯ Umted States Environmental Protection Agency. 1990. Guidance for Data Usabzhty zn Risk

Assessment. EPA/540/G-90/008.

¯ United States Environmental Protection Agency. 1997. Exposure Factors Handbook. August
1997. //www.epa.gov / ncea/exposfac.htm.

¯ United States Environmental Protection Agency. 1989. Risk Assessment Guidance for
SuperJhmd, Volume L Human Health Evaluatzon Manual (Part D, Standardized Planmng,
Reporting, and Reviezo of SuperJhmd Risk Assessments). Publication 9285.7-01D, January, 1998.

The human health risk assessment will include the four major components in the evaluation

process:

¯ Identification of COPCs
¯ Exposure assessment
¯ Toxicity assessment and
¯ Risk characterization
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A conceptual site model will be developed for an overview of site conditions, potential
migration pathways, receptors and exposure routes identification purposes. This will serve as
the basis for the exposure pathway evaluations in the human health (and ecological risk)
assessments.

As appropriate, a discussion of remedial goal options (RGOs) will be included for the sites
presenting excess risk or hazard, for risk management decision purposes.

2.1 Identification of Constituents of Potential Concern
Existing analytical data from each of the sites will be evaluated for a quantitative risk
assessment. Data are assumed to be in electronic form and have been through a data quality
evaluation process. The constituents of potential concern (COPCs) that represent site conditions
will be selected using the monitoring data from each site. The selection process will include
chemicals that are a direct exposure concern and chemicals that may be of interest from
migration to groundwater, air and/or surface water bodies. The screening process conducted
for PRE estimations will be used as the basis for COPC selection.

The groundwater data from unhltered samples will be used for quantitative risk assessment.
Any filtered samples will be used to assess the potential migration in the aquifer.

2.2 Exposure Assessment
An exposure assessment will evaluate the potential exposure to the site media and identify the
potential receptor population for each site. The exposure assessment will be conducted to
identify potential exposure pathways for human receptors, assess the potential routes of
exposure, and document the behavior of the assumed receptor into exposure factors for
quantitation of the potential exposure. The specific assumptions will be discussed with the risk
assessors from reviewing agencies prior to inclusion in the quantitative risk assessments,
preferably in a meeting. A conceptual site model will be developed to identify the source,
migration pathways and the potential receptors at each site.

Site and its surrounding land use will be documented in the best possible manner, as the onsite
land use is subject to change m the near future due to the property leasing that is underway.
The offsite well information will be document based on the available information for the local
government records. Land use assumptions for current and future land uses at each site and
area surrounding Main Installation will be discussed. Since the future land use may be
unlimited, a default residential scenario will be evaluated for each site. Although a residential
scenario will be evaluated, its applicability for the site management decisions shall be carefully
assessed. Since the majority of the MI is industrial, a default future industrial scenario will also
be evaluated.

Tables 1, 2 and 3 present a preliminary list of the default exposure factors that will be used in
the future industrial and residential exposure scenario risk estimations. Additionally, current
exposure scenarios will include a site-specific most hkely use scenario and will be evaluated for
each site, as appropriate. For areas that may involve recreational use, a recreational scenario
will be evaluated (e.g. Ponds at S~te 25 and 26). Site wslt notes and photographs will 
consulted in determining current and possible future land uses for the sites.
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A minimum of one site-specific and one default future exposure scenario will be evaluated
using the site-specific land use information for each site. Fate and transport of the COPCs
identlhed for each media will be evaluated, and discussions will be provided. Much of the fate

and transport discussions will be qualitative, and no quantitative modeling is currently
identified as needed for the site media at the Main Installation.

The dose (chronic daily intakes [CDIs]) will be estimated using exposure point concentrations
for each receptor and exposure route for the identified complete exposure pathways. Exposure
pathways for risk assessment will be selected based on the site activities and surrounding area
and the site conceptual model developed prior to risk assessment. Exposure pathways to be
quantified will be determined based on the United States Environmental Protection Agency
(EPA) guidance and will include the direct exposure pathways to soil, groundwater, sediments,
and surface water as appropriate. Appropriate representative exposure pathways will be
included for quantitative analysis and other potentially complete less-conservative pathways
will be discussed qualitatively.

The exposure point concentrations will be the upper 95% confidence limit estimates on the
mean concentrations (UCL95%). The non-detect samples will be included at half the detection
limit levels in these UCL95% estimates. These estimations will be performed using the
underlying data distributions (normal versus log-normal), according to the EPA guidance. The
lower of the maximum detected concentration and the UCL95% estimated will be selected as
the exposure point concentrations. For groundwater, an average of the three highest detected
concentrations will be selected as the exposure point concentration. For downgradient
locations, individual well concentrations may be used as exposure point concentrations on a
site-specific basis. Groundwater is currently not in use. Future potential use will be evaluated.

A fate and transport evaluation will Include discussion of environmental behavior of the
COPCs ldentlhed during the nature and extent investigations in the surface and subsurface
soils, sediment, and surface water, and potential impacts to site groundwater. The behavior of
the chemicals shall be determined by both individual chemical properties, as well as by facility
characteristics mcluding water flow velocity, soil permeability, infiltration, temperature, and
presence of conditions that support microbial population. Potential pathways--including air
emissions, transport, or persistence shall be assessed based on site-specific information and
chemical properties. Fate and transport evaluation will include potential offsite impacts from
the site contaminants by evaluating the site COPCs and their potential for offsite migration
through groundwater or surface runoff or volatilization from the site media. This will be a
qualitative evaluation. The groundwater monitoring data will serve as the indicator for
quantitative assessment of the potential migration. No quantitative modeling will be
performed as part of this fate and transport evaluation.

2.3 Toxicity Assessment

The human health evaluation will include a toxicity assessment section that compiles the
toxicity criteria for risk and hazard index estimates. The toxicity criteria will be obtained from
the EPA toxicity databases (e.g., IRIS, and HEAST). Any interim values from EPA available
through other sources (e.g. EPA Region III RBC tables) will be used in the absence of a value 
the EPA toxicity databases. Uncertainties associated with the toxicity criteria estimations wdl
be discussed. The target organs for the selected toxicity factors wdl be selected from the
existing toxicity databases, as suggested by EPA. The toxicity equivalency factors (TEFs) will 

38
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used for PAHs and dioxins as appropriate. For PCBs three sets of toxicity factors are available.
The conservative set of toxicity factors will be used for risk estimations.

2.4 Risk Characterization
The exposure and toxicity information from the previous sections will be integrated in this
section to estimate the potential risks and His. The estimated risks and His represent the site
(unit) being investigated, for site-specific risk management decisions. The cumulative risks and
His will be compared against the acceptable risk ranges. Summary and conclusions will be
provided for each of the receptor populations and sites. Risks will be totaled by medium and
combined risks across media and pathways will be presented as appropriate.

3.0 Ecological Risk Assessment Approach
An ecological risk assessment (ERA) will be conducted to document the potential adverse
effects to the environment as a result of contamination present at the Memphis Depot Main
Installation. The EPAs program guidance for ecological risk assessments, Ecological Risk
Assessment Guidance for Superfund, Process for Designing and Conducting Ecological Risk
Assessments. Interim Final, June 5, 1997 (EPA 540-R-97-006), will be the primary ERA guidance.
The stepwise process outlined in this guidance will serve as the basic framework for the ERA
portion of the RFI. Steps 1, 2, and 3 of the guidance will be followed in the RFI, and are outlined
below.

3.1 Step 1 - Screening Level Problem Formulation and Ecological Effects Evaluation
The screening level problem formulation and ecological effects evaluation are part of the imtial
stage of the ecological risk screening assessment. This step includes all the functions of a
problem formulation, but at a screening level.

The screening level problem formulation will include the development of a conceptual site
model. The model will include; (1). A description of the environmental setting and
contaminants known to exist at the site, (2). Contaminant fate and transport mechanisms that
might exist at the site, (3). Categories of ecological receptors and the mechanisms of ecological
toxicity associated with the contaminants, (4). Identifies complete exposure pathways, and (5)
selects endpoints to screen for ecological risk.

The environmental setting will include a land use map that illustrates the land use
characteristics on and near the Memphis Depot facility. Land use types may include industrial,
residential, undeveloped, and natural habitats. Observed or potentially occurring plant and
animal species will be identtfied, as well as potentially occurring protected species or critical
habitats. Contaminants identified in site media will also be presented.

Potentml contaminant migration pathways, such as stormwater runoff, will be addressed. For
the screening level risk assessment, the maximum contaminant concentrations measured at the
site will be documented for each medium.

An understanding of the toxic mechanisms of the contaminants will be developed to evaluate
the importance of potential exposure pathways and focus the selection of assessment endpoints
for the ERA. For example, some chemicals may affect vertebrate animals and not terrestrial
plants.
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Identification of exposure pathways is one of the primary tasks of the screening ERA. For an

exposure pathway to be complete, a contaminant must be able to travel from the source to
ecological receptors and be taken up by the receptors. Identifying complete exposure pathways
allows the ERA to focus on only those contaminants that may reach ecological receptors. It may
be possible to determine that present and future ecological impacts are negligible since
complete exposure pathways do not exist and could not exist in the future.

Assessment and measurement endpoints will be defined. Assessment endpoints are those :~

environmental values to be protected and can represent any adverse effects on ecological
receptors, where receptors are plant and animal populations, communities, habitats, and
sensitive environments. Measurement endpoints will be based on available literature regarding
toxicity and will be used to establish screening ecotoxicity values.

The preliminary ecological effects evaluation involves the identification of conservative
screening ecotoxlcity values. The ecotoxicity values chosen for the screening level assessment
are those that have recently been recommended by EPA Region 4. For surface soil, these criteria
include the Canadian Soil Quality Criteria and the Dutch Government soil cleanup values. For
surface water, criteria will include Tennessee freshwater chronic criteria, Region IV water
quality criteria, and Federal ambient water quality criteria. For sediment, the Florida sediment
quality criteria and the NOAA effects-range-low values will be used. For terrestrial wildlife (i.e.
birds and mammals), screening ecotoxicity values will be those that represent no-observed-
adverse-effect-levels (NOAEL) as reported in various literature sources.

4O

Uncertainty Assessment

Uncertainty is inherent in each step of the screening level ecological risk assessment.
Professional judgement will be used to deterrmne the uncertainty associated with information
taken from the literature and any extrapolations used in developing screening ecotoxicity
values.

3.2 Step 2 - Screening Level Exposure Estimate and Risk Calculation

This step includes estimating contarrunant exposure levels and screening them against the
previously identified ecotoxlcity values to determine the potential for ecological risk. The
process concludes with a scientific/management decision point that identifies the adequacy of
the information and the level of ecological risk.

3.2.1 Screening Level Exposure Estimates

To ensure that potential ecological threats are not missed, the exposure estimates used for the
screening process will be the maximum detected contarmnant values in site media. These

media will include only those for which a complete exposure pathway has been identified.

3.2.2 Screening Level Risk Calculation

A quantitative screening level risk will be estimated using the maximum exposure
concentrations and the screening ecotoxicity values previously outlined. Comparisons to
screening ecotoxicity values will be in a step-wise hierarchy, and will follow the same order
presented previously. For example, maximum surface soil concentrations will first be compared
to the Canadian guidelines, followed by the Dutch guidelines if Canadian guidelines are not
available.
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The hazard quotient (HQ) approach, which compares point estimates of screening ecotoxicity

values and exposure values, will be used to estimate screening-level ecological risk. Thus, for
each contaminant, the HQ can be expressed as the estimated environmental concentration
divided by the screening ecotoxicity value. An HQ less than one indicates that the contaminant
alone is unhkely to cause adverse ecological effects. An HQ of one is the threshold level at
which effects may occur.

All contaminants with an HQ greater than 1 will be considered COPCs and carried forward into
the Step 3 of the ERA process. In addition, any contaminant for which a screening ecotoxicity
value does not exist will also be carried forward to Step 3 as COPCs. Risk management
information such as other screening ecotoxicity values, frequency of detection, and background
comparisons will not be considered within Step 2, but will be considered in Step 3 as part of the
refinement of COPCs.

3.2.3 Scientific Management Decision Point (SMDP)

At the end of Step 2, the results of the prelirmnary ERA are presented to the risk manager. A
decision will then be made regarding whether the information available is adequate to make a
risk management decision. The three possible decisions at this point are as follows;

1. There is adequate information to conclude that ecological risks are negligible and therefore
no need for remediation on the basis of ecological risk.

2. The information is not adequate to make a decision at this point, and the ecological risk
assessment process will continue to Step 3.

3. The information indicates a potential for adverse effects, and a more thorough assessment is
warranted.

3.3 Step 3 Baseline Risk Assessment Problem Formulation
Step 3 refines the screening level problem formulation phase of the ERA, and with input from
the stakeholders and other involved parties, expands on the ecological issues of concern at the
site. In the screening level assessment, conservative assumptions were used where site-specific
information was lacking. In Step 3, the screening assessment results and additional site-specific
information are used to detern~ne the scope and goals of the baseline ERA.

The first activity in Step 3 is the refinement of preliminary contaminants of ecological concern.
In Steps 1 and 2, it is likely that several contaminants were eliminated from further
consideration. Because of the conservative nature of the screening process, some contaminants
carried forward into Step 3 may also pose negligible risk. Therefore more realistic assumptions
will be considered, such as reasonable maximum or average exposure concentrations, frequency
of detection, background concentrations, and terrestrial wildlife site usage factors. For those
contaminants for which the HQ drops to near or below 1, agreement between the risk assessor
and risk manager may lead to dropping the affected COPCs from further consideration.

In Step 3, information gathered in the screening level assessment is expanded upon. A literature
search will be conducted to fill in data gaps regarding identif|cation of NOAELs, lowest-
observed-adverse-effect-levels (LOAELs), exposure-response functions, and mechamsms 
toxic responses. Exposure pathways and the ecosystems associated with the assessment
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endpoints that were retained in the screening risk assessment are evaluated in more detail.

Refined evaluations are conducted of fate and transport mechanisms, ecological setting,
magnitude and extent of contamination, and reconsideration of complete exposure pathways.
Finally, a formal identification of assessment endpoints based is conducted.

Within Step 3, it is possible that the refinement of COPCs has lead to a recommendation for no
further action. If COPCs are identified to be carried through the baseline risk assessment, Step 3
will be completed. At the conclusion of Step 3, the problem formulation will have been defined.
A SMDP will then be required and will consist of an agreement on four items; contaminants of
concem, assessment endpoints, exposure pathways, and risk questions or testable hypotheses.
The results of the SMDP will indicate how the baseline risk assessment is to progress, however

this additional work (Steps 4 through 7) is not part of the existing scope of work.

4.0 Remedial Goal Options (RGOs)

The remedial goal options (RGOs) will be estimated for the pathway and the receptor that 
identified to have excessive risks. Media with risks and His below the acceptable levels will not
be further evaluated in this section. A Remedial Goal Option (RGO) will be estimated for media
presenting excess risk (e.g. >104) or an unacceptable HI (>1.0). A quantitative cleanup level will
not be estimated for the media presenting low human health or ecological risks. Concentrations
will be compared with available ARARs, and discussion of remedial options by media for each
site will be provided.

4.1 Applicable or Relevant and Appropriate Requirements (ARARs) and To 
Considered (TBC) Requirements
The existing ARARs and TBC requirements will be reviewed and modified, as necessary.
ARARs and TBCs will be used to evaluate subsequent proposed remedial actions. Location-
specific ARARs and activity-specific ARARs will be developed. Applicability of the ARARs
and TBCs for these RCRA sites will determined by site risk managers.

4. 2 Risk Based RGOs
For sites presenting excess human health or ecological risk, remedial goal ophons will be
developed as per EPA Region W guidance. A quantitative RGO will be calculated for those
media and chemicals presenting excess cancer risk or HI above an acceptable risk range or HI
value. Chemicals and media that represent low risks and His will not be included for an RGO
estimation.
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DATE: May 18, 1998

Introduction
Previous surface soil sampling at the Defense Depot Memphis, Tennessee (DDMT) has
indicated that peshcide concentrations, particularly dieldrin, exceed risk-based human
health criteria across the DDMT Main Installation. As a result, soil removal may be required
in numerous locahons. However, samples collected before the Pesticide Vertical Profile
Sampling were composited from the 0-1 foot interval. As a result, it was not established
how deep the pest:cides actually penetrated into the soil column. It was believed that the
pesticides were sorbed onto only the upper few inches of organic rich soil, which would
result m slgmficant cost savings if soil removal was requ*red. On February 11’h, 1998, a
discuss:on between staff from the Defense Depot Susquehanna, Pennsylvama; the Corps of
Engineers Huntsv:lle Division; and CH2M HILL indicated the need to characterize the
vertical concentration of dieldrin in surface soil.

Soil samples were collected at DDMT from March 30, 1998 through April 1, 1998. Sampling
was performed in three areas with a history of distinct soil management practices. The three
groups identified within the Main Installation of DDMT were: 1) the Golf Course Area
where pesticides were likely applied in broadcast fashion; 2) the Warehouse Areas where
pesticides were likely applied in around the perimeter of buildings; and 3) the Open Grassy
Areas where pesticides were likely applied in broadcast fashion, but were not subject to the
same degree of spray irrigation as the Golf Course Area.

Within each of the three groups, two sample locations were selected for vertical profiling.
The locations were adjacent to previously sampled areas so that the initial pesticide
concentrations were known. Dieldrin was the primary pesticide of concern and was used as
a primary criterion for selecting the locations of the vertical profiling. However, one of the
two sample locations was partially based on the known concentrations of DDT and its
degradation products DDE and DDD. The dieldrin-only locations were analyzed for
dieldrin using modified SW-846 Method 8081. Samples from the dieldrin/DDT borings
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were analyzed for the complete list of SW-846 Method 8081 organochlorine pesticides
(Pesticide Suite). To evaluate other soil properties that might influence vertical transport 
pesticides, samples were also analyzed for pH, total organic carbon (TOC), moisture
content, and clay content (fraction passing a #200 sieve) (clay content not yet available).

Samples were collected with a Shelby tube that was inserted by either pounding or
augering. The root zone was removed and analyzed as the uppermost sample of the profile.
Samples were collected below the root zone at 4 inch intervals for the uppermost foot. These
samples characterized the vertical profile of pesticides within the top foot the surface soil.
When possible, a composite sample was collected from 12-24" interval. This sample
represented concentrations that would be left in-situ if the top foot of soil were to be
removed. Samples from the 8-12" and 12"-24" sample intervals were only analyzed if
significant concentrations were detected in shallower samples.

Summary of Field Sampling
Soil samples were collected at the DDMT from March 30, 1998 through April 1, 1998. The
soil samples were analyzed for dieldrin, pesticides, moisture content, clay content, total
organic carbon (TOC), and pH. The following locations, identified in Figure 1, were
sampled.
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Location: S(3.5)V

Golf Course Area

Sampled: 3/30/98 ~- 16:40

Samples were located approximately 150 feet south o-f the intersection of K Street and 2nd

Street on the west side of 2~ Street. Because of the density of the soil, a maximum depth of
12 inches was achieved with the hand auger; therefore, the bottom I foot composite sample .
was not obtained. Two holes were augered to provide enough root zone material, and one
of these holes was used for the remainder of the samples. All of the samples were grab
samples from the specified intervals except for the 8-12" interval, which was a composite
sample. The following samples were collected at this location.

Depth Interval Sample ID Analyses

__ 2II S35V1 Pesticide Suite

(Root Zone)
Moisture Content
Clay Content
TOC

pH
_ 4pt $35V2 Pesticide Suite

Moisture Content
Clay Content
TOC

pH
_ 8rr $35V3 Pesticide Suite

Moisture Content
Clay Content
TOC

pH
8- 12" $35V4 Pesticide Suite

Moisture Content
Clay Content
TOC

pH
12 - 14" $35V5 Pesticide Suite

Moisture Content
Clay Content
TOC

pH
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Location: B(3.5)V

Golf Course Area

Sampled: 3/31/98 - 17:40

Samples were located approximately 30 feet west of 1" Street on the golf course, near the
edge of the DDMT reservation. A hand auger was used and samples were collected to a
depth of 21 inches. Four holes were augered to provide enough root zone material, and one
of these holes was used for the remainder of the samples. All of the samples were grab
samples from the specified intervals except for the 12-21" interval, which was a composite
sample. The following samples were collected at this location.

Depth Interval Sample ID Analyses

__ 2I! B35V1 Dieldrin
B35VID Moisture Content

(Root Zone) B35VIMS Clay Content
B35VIMSD TOC

pH
__ 4II B35V2 Dieldrin

Moisture Content
Clay Content
TOC

pH
_ 8II B35V3 Dieldrin

Moisture Content
Clay Content
TOC
pH

8- 12" B35V4 Dieldrin
Moisture Content
Clay Content
TOC
pH

12 - 21" B35V5 Dieldrin
; Moisture Content

i Clay Content
TO(2
pH
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Location: A(10.2)V
488

Warehouse Areas

Sampled: 4/1/98 a 09:15

Samples were located approximately 45 feet south orE Street and 150 feet east of 5~ Street
next to building 549. A hand auger was used and samples were collected to a depth of 24
inches. Two holes were augered to provide enough material for the root zone sample and
the 0-4" sample, and one of these holes was used for the remainder of the samples. All of
the samples were grab samples from the specified intervals except for the 12-24" interval,
which was a composite sample. The following samples were collected at this location.

48

Depth Interval Sample ID Analyses

O__ 2"! A102V1 Pesticide Suite

(Root Zone)
Moisture Content
Clay Content
TOC

pH
-- 4H A102V2 Pesticide Suite

A102V2D Moisture Content
A102V2MS Clay Content

A102V2MSD TOC
pH

_ 8I1 A102V3 Pesticide Suite
Moisture Content
Clay Content
TOC

pH
8-12" A102V4 Pesticide Suite

Moisture Content
Clay Content
TOC

pH
12 - 24" A102V5 Pesticide Suite

Moisture Content
Clay Content
TOC

pH
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Location: A(15.6)V

Warehouse Areas

Sampled: 4/1/98 - 11:30

Samples were located approximately 50 feet north of-the railroad tracks which are north of
buildings 529 and 429. A hand auger was used and samples were collected to a depth of
23.5 inches. Two holes were augered to provide enough material for the root zone sample,
and one of these holes was used for the remainder of the samples. All of the samples were
grab samples from the specified intervals except for the 12-23.5" interval, which was a
composite sample. The following samples were collected at this location.

Due to the previous day’s rain, there was some standing water on the surface.

Sampling at this location was video taped by DDMT personnel.

Depth Interval Sample ID Analyses

_ 2II A156V1 Dieldrin

(Root Zone)
Moisture Content
Clay Content
TOC

pH
_ 4H A156V2 Dieldrin

Moisture Content
Clay Content
TOC

pH
_ 8II A156V3 Dieldrin

(2-photos taken)
Moisture Content
Clay Content
TOC

pH
8-12" A156V4 Dieldrin

Moisture Content
Clay Content
TOC

pH
12 - 23.5" A156V5 Dieldrin

Moisture Content
Clay Content
TOC

pH
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Location: A(2.7)V

Open Grassy Areas

Sampled: 3/31/98"- 17:40

Samples were located approximately 10 feet southwest of the front porch of the west unit in
the northern most row of housing units. A hand auger was used and samples were
collected to a depth of 23 inches. Two holes were angered to provide enough root zone
material, and one of these holes was used for the remainder of the samples. All of the
samples were grab samples from the specified intervals except for the 12-23" interval,
which was a composite sample. The following samples were collected at this location.

Depth Interval Sample ID Analyses

O__ 2II A27V1 Pesticide Suite

(Root Zone)
Moisture Content
Clay Content
TOC

pH
O__ 4II A27V2 Pesticide Suite

Moisture Content
Clay Content
TOC
pH

_ 8II A27V3 Pesticide Suite
Moisture Content
Clay Content
TOC

pH
8-12" A27V4 Pesticide Suite

Moisture Content
Clay Content
TOC

pH
12- 23" A27V5 Pesticide Suite

Moisture Content
Clay Content
TOC

pH
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Location: J(3.5)v

Open Grassy Areas

Sampled: 3/30/98 - 17:35

Samples were located approximately 90 feet east of 1~ Street and near L Street. A hand
auger was used and samples were collected to a depth of 24 inches. Two holes were
augered to provide enough root zone material, and one of these holes was used for the
remainder of the samples. All of the samples were grab samples from the specified intervals
except for the 12-24" interval, which was a composite sample. The following samples were
collected at this location.

Depth Interval Sample ID Analyses

__ 2" J35Vl Dieldrin

(Root Zone)
Moisture Content
Clay Content
TOC

pH
__ 4tt J35V2 Dieldrin

Moisture Content
Clay Content
TOC

pH
_ 8tp J35V3 Dieldrin

Moisture Content
Clay Content
TOC

pH
8-12" J35V4 Dieldrin

Moisture Content
Clay Content
TOC

pH
12 - 24" J35V5 Dieldrin

Moisture Content
Clay Content
TOC

pH
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Vertical Profile Results
The analytical results of the Pesticide Vertical Profile Sampling are presented in Table 1.
Dieldrin, DDT, DDE, and DDD were detected in the samples collected during the ,
investigation. Samples from the Golf Course Area contained detectable concentrations of
dieldrin, DDT, DDE, and DDD. Samples from the Warehouse and Open Grassy Areas
contained detectable concentrations of dieldrin, DDT, and DDE.

As shown in the Table 1, the pesticide results were compared to the EPA Region III Risk-
Based Concentrations (RBCs) dated April 15, 1998 for soil at an industrial site. Dieldrin was
the only analyzed constituent which exceeded a RBC. The concentrations in eight samples
collected from the Golf Course Area and Open Grassy Areas exceeded the RBC for dieldrin

of 360 ~g/kg: S(3.5)V (0-2"), S(3.5)V (8-12"), J(3.5)V (0-2"), B(3.5)V (0-2"), 
Duplicate, B(3.5)V (0-4"), B(3.5)V (4-8"), A(2.7)V (0-2"). No concentration from 
collected in the Warehouse Areas exceeded a RBC.

The vertical profile of the concentrations varied between areas and is described below:

Golf Course Area - The concentrations of the dieldrin, DDT, DDE, and DDD show an
overall decrease below the 0-2" sample interval. However, dieldrin, DDT, and DDD are
consistently detected throughout the 14" and 21" inch sample depths.

The vertical profile of the dieldrin, DDT, DDE, and DDD concentrations for S(3.5) V 
shown in Figure I and a dieldrin and TOC vertical profile for S(3.5) V is shown in Figure 
Dieldrin concentrations in the 0-2" and 8-12" sample intervals exceeded the RBC for
dieldrin. Dieldrin concentrations show an initial decrease in S(3.5)V below the 0-2" sample

interval. However, a possibly anomalous concentration of 550 ~g/kg exists in the 8-12"
interval. This concentration is located beneath a concentratiorf of 150 ~tg/kg m the 4-8"
interval and above a concentration of 76 p.g/kg in the 12-24" interval. This increased value
at the 8-12" interval can possibly be attributed to sample cross-contamination with the
upper 0-2" sample interval resulting from the use of a hand auger in the relatively stiff clay

Dieldrin concentrations in B(3.5)V decreased below the 0-2" sample interval. However, the
concentrations in the samples from the 0-4" and 4-8" sample intervals remained above the
RBC for dieldrin. Sample concentrations from the 8-12" and 12-21" intervals were detected
but decreased below the RBC. A Dieldrin and TOC Vertical Profile for B(3.5)V is shown 
Figure 3.

Based on the sample results from B(3.5)V and S(3.5)V, the dieldrin concentrations in 
Golf Course Area may exist at levels exceeding the RBC to a depth of 8-12". However, due
to the sampling method, cross-contamination may have existed between the upper root
zone and the lower zones.

Warehouse Areas - The concentrations of dieldrin, DDT, and DDE decreased significantly
below the 0-2" sample interval. The vertical profile of the dieldrin, DDT, DDE, and DDD
concentrations for A(10.2) V is shown in Figure 4. The aforementioned pesticides were
detected throughout the sample intervals to a depth of 4-8". However, the highest

concentrations were limited to the 0-2" sample interval which corresponded with high TOC
concentrations (46,200 mg/kg and 31,400 mg/kg). No sample concentrations exceeded 
RBC in the Warehouse Areas.

ORONP_’PM DO(;
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Open Grassy Areas - As observed in the Warehouse Areas, the detected concentrations of
dieldrin, DDT, and DDE decreased significantly below the 0-2" sample interval which
contained significantly higher TOC concentrations (42,800 mg/kg and 22,600 mg/kg). The
vertical profile of the dieldrin, DDT, DDE, and DDD concentrations for A(2.7) V is shown 
Figure 5 and a dieldrin and TOC vertical profile for A(2.7)V and J(3.5)V are shown 
Figures 6 and 7, respectively. One anomalous DDT concentration of 3,500 pg/kg was
observed in the sample from A(2.7)V 4-8". This concentration was located below the 24"
interval DDT concentration of 740 ~g/kg. Two dieldrin concentrations of 850 gg/kg and

980 gg/kg exceeded the RBC for dieldrin of 360 pg/kg but were limited to the 0-2" sample
interval.

Conclusions
Dieldrin, DDT, DDE, and DDD were detected in soil samples collected during the
investigation. In general, the higher dieldrin, DDT, DDE, DDD concentrations were limited
to the 0-2" sample intervals corresponding to the highly organic root zone. As shown in
Table 1, many of the aforementioned pesticides were detected at the lowest depths of the
investigation. However, the concentrations of each pesticide decrease significantly below
the 0-2" sample interval. No DDT, DDE, or DDD concentration was detected above its
respective RBC. No dieldrin concentration was detected above its RBC in samples collected
in the Warehouse Areas. Dieldrin concentrations were detected above the RBC in samples
collected from the 0-2" interval of the Open Grassy Areas. Samples collected from the Golf
Course Area suggest that the dieldrin concentration in soil in the Golf Course Area may
exceed the RBC for dieldrin to a depth of 8-12". However, this conclusion may be
influenced by possible cross-contamination resulting from the type of investigation method
(hand augering) and the consistency of the soil material (stiff clay).
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Major Project Staff for Memphis Depot Main
Installation RI Report

The following CH2M HILL staff, in alphabetical order, had significant, specific input into
the preparation or review of this report:

Staff Member Title Office Location

Sharon Belser Project Engineer SAN

Rick Dobbins ’ Project Chemist GNV

David Dunagan Editor ATL

Elizabeth Garland Risk Assessor GNV

Ed Leach Sr. Risk Assessor SEA

Dan Marion Hydrogeologist ATL

John Martin Ecologist GNV

Ron McComb Hydrogeologist ORO

Cherie Montague CAD/Graphics RDD

Vljaya Mylavarapu Sr. Risk Assessor GNV

Vicky Potter Editor ATL

Jimmy Scott Project Engineer MGM

Leslie Shannon Project Manager MGM

Ed Svastits Sr. Chemist GNV

Greg Underberg Program Manager ORO
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TENNESSEE DEPARTMENT OF HEALTH AND ENVIRONMENT
Bureau of Environment

Room 1101, Slate Office Building
170 North Mid America Mall
Memphis, Tennesee 38103

October 16, 1985

488 65

CorIyn J. Troyer, Colonel
United States Air Force
Commander, Defense Logistics Agency
Defense Depot Hemphi~
2163 Airways Boulevard
Memphis, TennQsaee 38114

Dear Colonel Troyer:

This letter shall document’the meeting held on October I, 1985
at the Defense Logistics -/Axency - Memphis. The -subject of
.that meeting -was to d[sc*ms tile dloxin contam~nat|.d areas on’the

 b .gls i’c Agege ? .Mep h s prop,,rry as-rer,,rrnc d my" ....
September 26p ~1985 letter along wzth a revzuw of the proposed

tremedlal .~dCion-"plan ’"~for thd’.-~ontaminaced" sites. Tho~ in

attendance were: -:’-~.,-" ’; - .~,~ L ~ ’ - ’ "

Jack Relier - US Army Environmental Hygiene Agency
James E. FIemlng - Tennessee Departmen~ of Health

and Environment
Paul Patterson - Tennessee Department of Health

.and Envlroment
Olysses Tru[t¢ - Defense Logistics Agency
Lto Colonel John Krosnes - Defense Logistics Agency
Cur~ G~onther - Defense Logistics Agency
Terrl Kfrby - Defense Logistics Agency
R~ck Bowlua - US Army Environmental Hygiene Agency
Doug Lamothe - Defense Logist{cs Agency
Cheryl Pniricr- Memphis Shelby County Health -,

Department
Bob Cibulskis 7. US Environmental Protection Agency -

ERT
Jane Rogers - US Environmcntal Protection Agency -

Region IV , ’ :

The remedial action as planned for the areas exhibiting levels
of 2,3~7,8 tetrachlorodlbenzo-d[oxln (TCDD) below the EPA action
1¢ve12’(5-6 ppb) consisted of covering the areas with 6-8" of soil
and atab[Iizatlon. This proposal was discussed in detall and
evaluated based upon.the levele of TCDO’present and the potential
~or harm to the public health and ~nv[ronment. Basically the
group agreed that the plan was more than sufflcient, to eliminate
any potential problems from the nile. A-55
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Corlyn 2. Troyer, Colonel
Defense Depot Hemphis
Page two

Representatives frrnn the Defenqe Loglstics Agency - Hemphis,
hovevert did request consideration for approval of an alternate
remedial plan. Lt. Culonel John Krosnes and Hajor Doug Lamothe
suggested the placement of 6-8~’of compacted gravel in those
areas which exhibited levels belay the EPA action level. This
action would be more suitable in the event the Defense Logistics

Agency wishes to concrete the area for future storage capacity.
In consideration of the pathways for exposure (dnrmal and/or

inhalation) their ~eq.est was approv(,d with the [allowing
conditions:

I. The graveled area must be placed "off limits" to
any and all vehicular traffic .

529-6695.

Sincerely,’ -’"

2. The area must b(, indicated as a "non-use" area on

the facility development plat.

3. Future plans for utilization of the arr.a must be

d by~hezDe p r me ’ " "

¯ Prlor to placement, n{ ~gravelp the. entire area
’ :’ " should be sprayed wlrh water t.o prevent dusting. "

There{ore, please accept this letter as strltten approval -to
implement the previously referenced remedial "actions. I£ you
have any questions concerning this letter or if I may be of"
further assistancem please do not hesitate ¢o contac~ me at (901)

Paul Patterson
Division of Solid Waste Hanagement

- : . , * = ¯ "

° ".~_ -o" . ° -

°

¯ ¯" .’,, -.

,.- "-’o o °l’
,%’..

A-56
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DRAFT RNAL EXECUTIVE SUMMARY

Executive Summary

The Memphis Depot was a major field installation of the Defense Logistics Agency (DLA),
U.S. Department of Defense (DOD). Its primary mission was to provide material support 
all U.S. military services and some civil agencies. The Memphis Depot was engaged in a
variety of operations dealing with hazardous substance transportation, shipment, and
disposal.

As a result of past practices and environmental contamination, the Memphis Depot was
placed on the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) National Priorities List (NPL) on October 14, 1992 (199 Federal Regzster 47180).
This action followed the issuance of a Resource Conservation and Recovery Act (RCRA)
Part B Permit (No. TN4 210 020 570) to the facility on September 28, 1990. As an enforcement
activity of the RCRA permit, a RCRA Facility Assessment (RFA) was conducted in January
1990 by the U.S. Environmental Protection Agency (EPA) (A. T. Kearney, Subcontractor)¯
Other activihes conducted under regulatory jurisdiction include the following:

Activity Company Dates

PCP Dip Vat Remediahon
Remedial Investigation
Feasibility Study
Groundwater Removal

Engineering Report
Groundwater Removal

Engineering Assessment
Screening Sites Investigation
Remedial Investigation/Feasibility Study

O. H. Materials
Law Environmental
Law Environmental
Engineering Science, Inc.

Engineering Science, Inc.

CH2M HILL
CH2M HILL

February 1996
August 1990
September 1990
July 1994

August 1993

March 1998
May 1998-present

During the above-mentioned investigations and enforcement activities, individual s~tes that
pose no threat to human health and the environment were identified by operable unit (OU).
This technical memorandum (TM) describes the sites identified in OUs-2, 3, and 4 within the
Main Installation of the Memphis Depot that pose no environmental threats based on the
investigations conducted as of September 1998. Table ES-1 presents a summary of the sites
proposed for no further action (NFA). This decision is the only remedial action identified for
the sites.

Additional TMs documenting other sites that qualified for NFA after September 1998 will be
provided in the future. The additional TMs will discuss the screening sites that were
sampled previously during the Screening Sites Investigation, but for which additional
sampling was required to further characterize the site and to provide sufficient data to
support the proposed NFA status for the site. Furthermore, upon completion of the
Remedial Invesfigation/Feasibihty Study (RI/FS), historical RI sites probably could 
proposed for NFA.

MGM~98258000bDP154 DOC II
A-59



488 70
* 9/@9¯

B,~SIS FOR NFA RECOMMENDATIONS DRAFT FINAL EXECUTIVESUMMARY

TABLE ES-1
Sites Recommended for No Further Action
Memphis Depot Main Installation NFA

Document Supporting
Site No. Description NFA Recommendation

30 Paint Spray Booths 1

40 Safety Kleen Locations 1

41 Satellite Drum Accumulation Areas 1

44 Former WWTU Area 1

45 Former Contaminated Soil Staging Area 1,2

47 Former Contaminated Soil Drum Staging Area 1,2

49 Expired Medical Supplies Storage Area 1

53 X-25 Flammable Solvents Storage Area 1

69 Flamethrower Liquid Fuel 3

74 Flammables and Toxics 3

76 Unknown Wastes Near Building 690 3

81 Budding 765, Fuel Oil AST 3
Notes:
Supporting documents are as follows.
1-RCRA Facdity Assessment conducted by A. T. Kearney (January 1990)
2-Dip Vat Remediation Report by O. H. Materials (February 1986)
3-Screening S=tes Letter Report, CH2M HILL (March 1998)

On the basis of the information provided in this report, it was determined that the proposed
NFA remedy for the 12 identified sites is protective of human health and the environment
and that no unacceptable short-term risks are caused. Therefore, the selected remedial
alternative for the sites is intended to be NFA. This alternative will consist of leaving the
sites as they are. No additional sampling or monitoring will be necessary (under CERCLA),
because the conditions at the sites are protective of human health and the environment. This
remedial alternative will have no remedial action or assessment costs associated with it.
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1.0 Introduction

This technical memorandum (TM) has been prepared to propose a list of sites in the Main
Installation of the Memphis Depot that do not present a significant risk to human health or
the environment. This document is not intended to provide a formal Record of Decision
(ROD) for these sites, although it does provide most of the necessary information for
developing a ROD. The information and recommendations documented hereto formalize
the intention of the Memphis Depot Base Realignment and Closure (BRAC) Cleanup Team
(BCT) that these sites will notrequire further action under the Comprehensive
Env]ronmental Response, Compensation, and Liability Act (CERCLA). The sites will 
formally proposed for no further action (NFA) status under CERCLA during the proposed
planning and ROD processes, which include public review and comment, at a later date.

The proposed NFA recommendation is made for these sites because the sites are already in
a protective state, meaning that they do not pose a current or potential threat to human
health or the environment. Preliminary assessments and site investigations were conducted
at some of the sites by the U.S. Environmental Protection Agency (EPA) and Law
Environmental in 1990 and by CH2M HILL from 1996 through 1997; the investigations
concluded that no remedial actions were necessary at the sites herein proposed for NFA. It
is intended that other TMs will be provided for additional sites intended for NFA as
additional data and the results of risk-based analyses become available.

In cases where environmental sampling was performed at proposed NFA sites, the NFA

recommendations in this document are based on the results of soil, surface water, and
sediment analyses. The NFA recommendation does not include the potential for
groundwater contamination below the NFA-candidate sites, either from the site itself or
from upgradlent sources of groundwater contamination. Groundwater contamination from
the site itself is unlikely, considering the lack of evidence of a contaminant release to the
environment from the proposed NFA sites. Groundwater contarmnation from upgradient
sources is being evaluated under the site-wide groundwater monitoring program currently
ongoing m Operable Unit (OU)-4 (Operable Unit 4 Field Sampling Plan, U.S. Army
Engineering and Support Center [USAESCH], September 1995) and the CH2M HILL

Remedial Investigation/Feasibility Study (RI/F). NFA recommendations within this
document are based on an evaluation of the surface soil, surface water, and sediment
environmental pathways. Groundwater evaluation is ongoing and will be reported in the
Main Installation RI Report. The ongoing evaluation of subsurface soil data has not
identified potential subsurface sources to groundwater contamination.

1.1 Facility Description and History
This subsection describes the location and characteristics of the Memphis Depot facdlty and
the history of CERCLA activities at the Memphis Depot.

MGM~gB2580001-DP154 DOC
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1.1.1 Memphis Depot Facility Description and Location 4 8 8
The Memphis Depot covers 642 acres of land in Memphis, Tennessee (Shelby County), 
the extreme southwestern portion of the state. The installation contains approximately 118
buildings, 26 miles of railroad track, and 28 miles of paved streets, the ma]ority of which lie
wlthm the Main Installation. Approximately 5.5 million square feet (ft) are covered storage
space and approximately 6.0 million square ft are open storage space. The land and
buildings are owned by the U.S. Army and were leased by the Defense Logistics Agency
(DLA).

The DLA, an agency of the U.S. Department of Defense (DOD), provides logistics support 
military services. The Memphis Depot is a major field installation of the DLA. The former
duties of the Memphis Depot were to receive, warehouse, and distribute supplies common
to all U.S. military services and some civil agencies located primarily in the southeastern
United States, Puerto Rico, and Panama. Supplies for storage and distribution included
food, clothing, electronic equipment, petroleum products, construction materials, and
industrial, medical, and general supplies. Figure 1-1 presents the facility location map.

The Memphis Depot is located approximately 5 miles east of the Mississippi River and just
northeast of the Interstate 240-Interstate 55 junction. The Memphis Depot is in the south-
central section of Memphis, approximately 4 miles southeast of the Central Business District
and I mile northwest of Memphis International Airport. Airways Boulevard borders the
Memphis Depot on the east and provides primary access to the installation. Dunn Avenue,
Ball Road, and Perry Road serve as the northern, southern, and western boundaries,
respectively.

The Memphis Depot is divided into four OUs for CERCLA evaluation purposes. Dunn Field
is designated as OU-1 and the Main Installation consists of OUs-2, 3, and 4 Again, this TM
only focuses on the proposed NFA sites in OUs-2, 3, and 4 (the Main Installation) as 
September 1998. Sites within OU-1 will be evaluated for NFA after RIs in Dunn Field are
complete.

1.1.2 Facility Characteristics

1.1.2.1 Physiography and Climatology

The Memphis Depot and eastern Memphis are situated wtthin the Gulf Coastal Plain
Subdivision of the Atlantic Coastal Plain Physiographic Province. This area is characterized
by dissected loess-covered uplands and generally lacks distinct features. The erosion-
controlled land surface appears nearly level with local slopes, ranging from level to
approximately 10 percent.

The Main Installahon consists primarily of highly developed, urban land that has been
graded, paved, and built on, with the major exception of the facility’s golf course.
Undeveloped areas are used for open storage of equipment.

75
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The Memphis Depot is located in the West Tennessee Climatic Division, with a typical
climate of humid, warm summers and cold winters. The annual mean temperature is
62 degrees Fahrenheit; the daily mean temperature ranges from approximately 40 degrees in
January to 82 degrees Fahrenheit in July. The area receives an average of 50 inches of
precipitation a year, with the heaviest periods during the winter and early spring;
thunderstorms are typical during late spring and early summer. The net annual
precipitation (rainfall-evaporation) estimated for the Memphis area is 9 inches. Prevailing
winds are from the south at less than 11 miles per hour.

1.1.2.2 Soils and Stratigraphy

The predominant surface soil association found in the Memphis Depot site before its
development was the Memphis-Granda-Loring Association, characterized by yellow-brown
to dark brown color. The association is generally sloping, well-drained to moderately well-
drained, and has silt deposits varying in thickness from 6 to 8 inches. Construction of the
facility resulted m an altering of the surface soil to a type classified as graded land with silty
materials. Exceptions include the northeastern corner of Dunn Field and the southeastern
corner of the golf course.

The facility is located m the north-central part of the Mississippi embayment, which is a
broad trough or geosynchne. The axis of the trough roughly parallels the Mississippi River
and plunges to the south. The sediments in the study area are primarily Tertiary and
Quaternary unconsolidated sands, silts, and clays, with minor amounts of lignite. The
uppermost geologic unit is loess. Loess is an eolian deposit consisting of silt, silty clay, sand,
or a mixture of the materials The deposits at the Memphis Depot range from 6 to 40 ft.

Quaternary and possibly Tertiary-age fluvial deposits underlie the loess throughout the
facility beneath the upland areas and the valley slopes. The deposits consist primarily of
sand and gravel, with lenses of clay. The fluvial deposits range in thickness from
approximately 45 ft to 98 ft at the Memphis Depot.

The Jackson formation and the upper part of the Claiborne Group lie beneath the fluvial
deposits. These units consist primarily of clay, silt, and fine sands, with minor lenses of
lignite. The clays are primarily montmorlllomtic. The Jackson formation and the upper
Claiborne Group form a regionally significant confining unit for the underlying Memphis
Sand, which is an important drinking water aquifer in the region.

1.1.2.3 Groundwater

The facility is underlain by a layer of loess that varies in thickness. Terrace deposits underlie
the loess. The lower, saturated portion of the terrace deposits is referred to as the fluvial
aquifer, which is the uppermost aquifer beneath the installation. Perched groundwater also
exists m the terrace deposits above small clay lenses at elevations above the fluvial aquifer
However, these perched water zones are temporal and are not considered part of the fluwal
aquifer. The fluvial aquifer is not used as a drinking water source within the City of
Memphis. The Memphis Sand Aquifer underlies the fluvial aquifer and is the primary
source of drinking water for the City of Memphis. Additional discussions of groundwater
flow and the extent of contamination are provided in the Groundwater Momtoring Report
(USAESCH, March 1998).
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1.1.2.4 Surface Water

Most of the facility is level with or above the surrounding terrain, and therefore, receives
little or no runoff from adjacent properties. Stormwater drainage from Dunn Field is mainly
through overland flow to the north and west or through a concrete-lined storm sewer
(which also conveys stormwater from an adjacent, upgradient residential neighborhood)
that directs flow northward to Cane Creek, a tributary of the Nonconnah Creek. The Main
Installation’s drainage is through overland flow into a storm drainage system. The system
directs flow into several outfalls to one perennial and two intermattent streams that drain to
Nonconnah Creek (0.75 mile south). Nonconnah Creek, in turn, discharges into McKellar

Lake (approximately 4 miles from the creek), which empties directly into the Mississippi
Raver.

In addition, there are two permanent surface waters at the Memphis Depot-Lake Danielson
and the Golf Course Pond. Lake Danielson is a 4-acre lake that receives a significant amount
of stormwater runoff. The lake overflows intermittently through a concrete-lined channel at
the dam and, as with the overflow from the Golf Course Pond, is directed through an
unnamed tributary to Nonconnah Creek. Conversations with facility personnel indicate that
overflows occur when net precipitation is above normal.

No surface water intakes are located within 15 rrules downstream of the facility; however,
the streams and lake are used for recreational purposes. The facility is not located in the
100-year floodplain and no portions are subject to flooding.

1.2 History of CERCLA Activities at the Memphis Depot

As a result of past practices and environmental contamination, the Memphis Depot was
placed on the CERCLA National Priorities List (NPL) on October 14, 1992 (199 Federal
Regzster [FR] 47180). Moreover, CERCLA NPL sites must undergo necessary corrective
action processes to protect human health and the environment. The Memphis Depot has
entered into a Federal Facilities Agreement (FFA) under CERCLA that provides the basis for
implementing corrective action processes at the Memphis Depot. As established in the
National Oil and Hazardous Pollutaon Contingency Plan (NCP) (40 Code of Federal
Regulatzons [CFR] Part 300.120), the DOD is the lead agency at NPL sites involving federal
facilities. Accordingly, EPA and the Tennessee Department of Environment and
Conservation (TDEC) have been identified as support agencies in this process. This
subsection further describes the designation of the Memphis Depot as an NPL site, the FFA
that governs corrective actions at The Memphis Depot, and the NFA site classificataon
process.

1.2.1 RCRA Part B Permit and Designation as an NPL Site
In 1989 and 1990, as a part of the DOD Installation Restoration Program (IRP), The Memphis
Depot initiated an RI/FS of several known and suspected sources of contamination. This
study was performed by Law Environmental through a contract with the USAESCH. The
final work plan for this effort was provided to EPA in April 1989. The study was performed
in two phases, referred to as Phase I (primarily activities in 1989) and Phase II (primarily
activities in 1990). The final Remedial Investigation Report was provided to EPA in August
1990, and the final Feaszbzhty Study Report was submitted in September 1990. The Memphis
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D t \
epo was issued a Resource Conservation and Recovery Act (RCRA) Part B permit

(No. TN4 210 020 5,\0) by EPA, Region IV, and TDEC on September 28, 1990. Subsequently,
EPA added the Memphis Depot to the NPL by pubhcation in the Federal Regzster,

\
199 FR 47180, on Oct,)ber 14, 1992.

1.2.2 Federal gacili ies Agreement
\

The Memphis Depot ez:tered into an FFA among the DLA of the DOD, EPA, and TDEC on
March 6, 1995. The agre,’ment establishes a procedural framework and schedule for
developing, implementd ,g, and monitoring appropriate response actions at the Memphis
Depot in accordance wif.:~ existing regulations and with achieving RCRA/CERCLA
integration. Because of tf~.~ Memphis Depot’s status as an NPL site, it was agreed that the

investigation of all apphc.,ble sites (those reqmrmg RI) would proceed under the CERCLA
process for remediation (~ hich includes RI, FS, proposed plan and ROD, remedial design,

and remedial action) and t,~at this process would meet RCRA requirements.

For NFA sites-those sites ii’~ which no action is required to protect human health and the

environment from past acti~ ;ties-the FFA integrates both CERCLA and RCRA and requtres
that adequate written docun).entation be submitted by DLA to support NFA decisions.
Sections 2, 3,and 4 of this TN present this information for the OUs-2, 3, and 4 proposed NFA
sites, respectively.

1.2.3 Base Realignment awed Closure
The decision to close the Memi~his Depot was made as part of the Base Realignment and

Closure Act of 1995 (BRAC 95, ,qubsequently referred to as BRAC). The facility was closed 
of September 17, 1997. As part ~.f the BRAC process, the equipment and supplies, including
the material stockpiles, have be~n removed from the Memphis Depot.

into 35 1: arcels based on the environmental condition of theThe facility was divided ’
i

property. The properties defined ! s BRAC parcels are being transferred from government
control to other private- and publi~ -sector uses. Data and information gathered from the
CERCLA-governed screening siteg and RIs have been organized and presented by BRAC
parcel to support parcel leasing. Th: facility must complete the investigations and cleanup
under CERCLA and other environn/ental programs before the facilities can be transferred to
new owners. Early risk-based evalu, tion of BRAC parcel and CERCLA site environmental
data is needed to establish a Finding~ ~f Suitability to Lease (FOSL) or Finding of Suitability

to Transfer (FOST), which permits ~ lease or transfer of parcels and buildings. The
decision for NFA, when final, means that no further action under CERCLA is necessary for

the identified sites. However, there m~ y be other sites that require further action within a
parcel or other compliance actions nec. ssary to complete the BRAC process for a parcel.

1.2.4 Site Classification to NFA ’
Several reports document the sites whe~, past waste disposal activities have occurred at the

Memphis Depot. The RCRA Facility Ass~ ,ssment (RFA), which was performed by EPA 
1990, identified 49 solid waste managem~ nt units (SWMUs) and 8 areas of concern (AOCs)

at the Memphis Depot. The RFA was pert wmed subsequent to the Memphis Depot’s
application for a RCRA Part B permit. Upgn completion, the RFA specified the level of
additional investigation necessary for each SWMU and AOC (for example, NFA, RCRA
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Facility Investigation [RFI], and Preliminary RFI/Confirmatory Samplin ;). Eight sites were
identified in 1990 during the RFA that posed no threat to human health md the
environment; subsequently, these sites were identified and recommen( ~.~d as NFA sites. The
eight sites are listed in Table 1-1.

TABLE 1-1
Proposed NFA Sites Identified Dunng the 1990 RFA
Memphis Depot Main Installatton NFA

Site 30-Paint Spray Booths Site 45-Former Cont," nlnated Soil Staging Area

Site 40-Safety-Kleen Locations Site 47-Former Con’dm=nated Sod Drum Area

Site 41-Satelhte Drum Accumulation Areas

Site 44-Former WWTU Area

Site 49-Expired Me ica] Supplies Storage Area

Site 53-X-25 Flare ,able Solvents Storage Area

In 1990, an RI conducted by Law Environmental, Inc., identifie 75 sites of potential
contamination and some general storage sites. In 1995, CH2M ,ILL began planning for
another RI to investigate the sites that were not investigated p eviously and to fill data gaps

at sites previously investigated by Law Environmental. The sJ-es with known releases were
identified as RI sites and those sites where hazardous materi~ ’~s may have been managed
and a release had been suspected, but not confirmed, were c] -~SSlfied as screening sites. The
1997 CH2M HILL investigations at screening sites resulted c ~ther in the site being elevated
to RI status or being proposed for NFA status.

Soil, surface water, and sediment environmental sampling to support RI and screening site
characterization was performed between December 5, 199., and January 23, 1997.
Additional soil samples were taken with BRAC parcels fr. m October 15 through October 19,
1996, to evaluate the environmental condition of the parc 1; however, these data points are
not associated with sites defined under CERCLA.

Summary reports were prepared to present the data an; the rationale for further RI/FS
activities, if needed (Screening Sztes Letter Reports, CH2? HILL, March 1998; Reme&al
Investigation Letter Reports, CH2M HILL, May 1998; an~ BRAC Parcel Summary Reports,
CH2M HILL, April, 1998). Data collected for both the ERCLA and BRAC programs were
reviewed by the BCT during meetings in July, Augus and October 1997. A preliminary risk
evaluation (PRE) also was performed using the data tom the CH2M HILL field
investigations to evaluate potential risks posed by ccntaminants that have been found in
soil, surface water, and sediment within each BRAC parcel and CERCLA site. As a result of
this data evaluation and preliminary risk assessmeJ .,’, four screening sites were identified
and recommended as NFA sites, as shown in Table 1-2.

/

/
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TABLE 1-2
Proposed NFA Sites identified During the Screening Sttes Investigation, 1996 through 1997
Memphis Depot Main Installation NFA

Site 74-Flammables and Toxics Storage Site 69-Flarnethrower Liquid Fuel

Site 81-Fuel Oil Building 765 Site 76-Unknown Wastes near Building 690

The following sections provide a description for each proposed NFA site by OU and discuss
the rationale for designating the sites for NFA. In some cases, the proposed NFA site
consists of a number of buildings that perform the same types of operations. As a result, the
site is located in more than one OU. In such cases, the site will be discussed in all OUs that
contain a building listed under that site.

The proposed NFA sites as of September 1998 are shown on Figure 1-2 by OU.

MGtv~.982580001-DP154 BOC 1-8
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OU-2 is located in the southwestern quadrant of the Main Installation at the Mempbas Depot
and consists of about 108 acres. It is bounded by G Street on the north, 6th Street on the east,
Ball Road on the south (installation boundary), and Perry Road on the west (installation
boundary). OU-2 is characterized as an industrial area where maintenance and repair
activities have taken place (see Figure 1-2 for the location of OU-2).

Sites in OU-2 proposed for NFA status as of September 1998 include Sites 30, 40, 41, and 47.
These sites were designated as NFA sites during the 1990 RFA. The following subsections
describe the sites in OU-2 that have been designated for NFA and provide supporting
information.

2.1 NFA Summary for Site 30-Paint Spray Booths

2.1.1 Site Name, Location, and Description
Site 30 consisted of three Paint Spray Booths located in Buildings 1086 (OU-2), 770 (OU-2),
and 260 (OU-3) (see Figure 2-1 for the site locations). Emissions from the areas 
controlled by filters located on the back or side walls of the booths, which range in size from
8 ft x 10 ft to 24 ft x 10 ft. Paint from spraying operations passed through the filters as a fan,
located on the opposite side of the filter, and forced air into a vent system.

2.1.2 Site History and Enforcement Activities

A variety of paints have been used in the Paint Spray Booths, which have been used for an
unknown period of time. Discarded hlters are placed in dumpsters and disposed as
nonhazardous waste. No evidence of release has been identified at the sites of the paint

booths.

The site was evaluated during the RFA conducted in 1990, with the results indicating that
the potential for release from all release pathways was low. During the RFA, there was no
evidence of leaks or spills noted, and the site was designated for NFA. Additionally, the site
has been designated for NFA in the FFA.

There are no analytical data associated with Site 30.

2.1.3 Summary of Site 30 Risks
Because of the pollution control equipment used at the site (ffiters) and the lack 
hazardous or toxic materials released at the site, there appears to be no significant risk to
human health or the environment from the site. Therefore, it is concluded that no remedial
actions are necessary for the protection of human health or the environment.

2-1~GTv~982580~01-DP,54 DOC
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2.2 NFA Summary for Site 40-Safety Kleen Locations

2.2.1 Site Name, Location, and Description ,.
Site 40 was comprised of nine locations where Safety-Kleen solvent parts cleaning stations
were located. The units consist of steel holding tanks supported by steel legs, ranging m size
from 20 to 40 gallons. The units were located in buildings and were self-contained. Five
units were located in Building 770 (OU-2) and one unit was located in each of Buildings 689
(OU-3), 490 (OU-3), 253 (OU-3), and 469 (OU-3) (see Figure 2-2 for the site locations).

The Safety-Kleen umts were used for carburetor and cold parts cleaning. New cleaning
material contained 11.9 percent cresylic acids, 31.7 percent methylene chloride, and

81.3 percent ortho-di-chlorobenzene. Used material generally was contarrunated with
various oils and greases from the parts themselves. A vendor, Safety-Kleen, supplied the
units, brought in the cleaning solutions, periodically returned to remove the used material,
and provided new solution. Safety-Kleen handled the manifesting, transporting, and
recycling of the material. Unusual material, by loss or gain of volume, color or odor change,
or other physical change, was noted and investigated by Safety-Kleen.

2.2.2 Site History and Enforcement Activities
Safety-Kleen Corporation leased and maintained the units, which were used since 1985 in
various locahons within the Main Installation.

The site was evaluated during the RFA conducted in 1990, with the results indicating that
the potential for release from all pathways was low. There was no history or evidence of
uncontrolled leaks or spills, the umts appeared to be in good condition, and the site was
designated for NFA. Additionally, the FFA designates this site as an NFA szte.

There are no analytical data available for Site 40.

2.2.3 Summary of Site 40 Risks
A minimal level of risk exists because hazardous materials were handled in these units
These risks were controlled through the design and handling criteria regulated under
RCRA. Because of the equipment design and procedural controls, there is no significant risk
to human health or the environment.

2.3 NFA Summary for Site 41-Satellite Drum Accumulation
Areas

2.3.1 Site Name, Location, and Description
F~ve satellite drum storage areas made up Site 41, the Satellite Drum Accumulabon Areas.
The areas had been used since 1985 to store drums of waste materials. The units varied m
the number and size of drums they contained, but all of the units were located on concrete

floors near Buildings 770 (OU-2), 210 (OU-4), 260 (OU-3), and 469 (OU-3) (see Figure 
site locations).

MGM\982580001-DP154 DOC 2-3
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The drums and areas were maintained in good condition and were regulated. All wastes
collected in these areas were transported to the Defense Reutdization and Marketing Office
(DRMO) before off-site disposal.

2.3.2 Site History and Enforcement Activities
The areas had been used since 1985 to store drums of waste materials.

The site was evaluated during the RFA conducted in 1990, with the results indicating that
the potential for release from all pathways was low. There was no history or evidence of
uncontrolled leaks or spills, the units appeared to be in good condition, and the site was
designated for NFA in the RFA.

No analytical data are available for this site.

2.3.3 Summary of Site 41 Risks
A minimal level of risk existed from the handhng of hazardous materials in these uruts.
During the operation of the drum storage area, releases to the environment were prevented
through the design and handling criteria regulated under RCRA. Because of the design and
procedural controls governing the operation of the facility, there is no significant risk to
human health or the environment. Therefore, it is concluded that no remedial actions are
necessary for the protection of human health or the environment.

2.4NFA Summary for Site 47-Contaminated Soil Drum Storage
Area

2.4.1 Site Name, Location, and Description
Site 47, the Former Contaminated Soil Drum Storage Area, was a temporary drum
storage/staging area. The unit is located in the southwestern part of the Main Installation,
approximately 300 ft west of Building 689. Figure 2-4 presents the site location.

The site was used to store approximately 800 drums of various materials. Most of the drums
were filled with material from remedial activities from Sites 42, 43, and the associated
treatment units. Th~s material included contaminated soil (containing pentachlorophenol
[PCP], dloxin, and furan), sludge from the bottom of the vat and storage tank, and
contaminated carbon from a temporary treatment unit (Site 44) before shipment to an off-
site facility for final disposal.

2.4.2 Site History and Enforcement Activities
The former contaminated soil drum storage area was a temporary drum storage/staging
area used from 1986 to the spring of 1988 to hold materials from the remedial activities at
Sites 42 and 43. The unit consisted of a dirt-covered, concrete igloo building normally used
for explosives storage. The igloo has a concrete floor and all drainage exits were sealed.

MGM’~gB2580001*DP 154 DOC 2-6
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The site was evaluated during the RFA conducted in 1990, with the results indicating that
the potential for release from all pathways was low. There was no history or evidence of
uncontrolled leaks or spills, the units appeared to be in good condition, and the site was
designated for NFA. In addition, this site has been listed for NFA under the FFA.

2.4.3 Summary of Site 47 Risks
Although contaminated materials were stored in Site 47, there is no evidence that a release
occurred or the building containment was otherwise compromised. On the basis of the lack
of a potential source or contaminants released to the environmental media, there is no risk

to human health and the environment from this site. Therefore, it is concluded that no
remedial actions are necessary for the protection of human health or the environment.
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OU-3 consists of approximately 320 acres and is located in the southeastern quadrant of the

Mare Installation at the Memphis Depot. It is bounded by C Street on the north, 5th and 6th
Streets on the west, Ball Road on the south (installation boundary), and Airways Boulevard
on the east (installation boundary) (see Figure 1-2 for the location of OU-3).

Sites in OU-3 currently proposed as NFA are Sites 30, 40, 41, 49, 69, and 76. Sites 30 through
49 were identified as NFA sites during the 1990 RFA. Sites 69 and 76 were proposed as NFA
from the screening site investigation. The following subsections describe each one of the
sites in OU-3 that has been proposed for NFA and provides supporting information. Note
that descriptions and supporting information for NFA Sites in OU-3 that have buildings
located in OU-2 are &scussed in Section 2.

3.1 NFA Summary for Site 30-Paint Spray Booths

3.1.1 Site Name, Location, and Description

Site 30 consisted of three Paint Spray Booths located in Buildings 1086 (OU-2), 770 (OU-2),
and 260 (OU-3). Detailed information about this site is provided in Secbon 2.1.1 through
21.3 (see Figure 3-1 for site locations).

3.1.2 Site History and Enforcement Activities
See Section 2.1 2.

3.1.3 Summary of Site 30 Risks
See Section 2.1.3.

3.2 NFA Summary for Site 40-Safety Kleen Locations

3.2.1 Site Name, Location, and Description

Site 40 is comprised of nine locations where Safety-Kleen solvent parts cleamng stations

were located. The units consisted of steel holding tanks supported by steel legs, ranging in
size from 20 to 40 gallons. The units were located in buildings and are self-contained. Five
units are located in Building 770 (OU-2), and one unit is located in each of Buildings 689
(OU-3) 490 (OU-3), 253 (OU-3), and 469 (OU-3). Detailed information about this 
provided in Sections 2.2.1 through 2.2.3 (see Figure 3-2 for site locations).

3.2.2 Site History and Enforcement Activities
See Section 2.2.2.
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3.2.3 Summary of Site 40 Risks
See Section 2.2.3.

3.3 NFA Summary for Site 41-Satellite Drum Accumulation
Areas

3.3.1 Site Name, Location, and Description
Five satellite drum storage areas made up Site 41, Satellite Drum Accumulation Areas. The
areas have been used since 1985 to store drums of waste materials. The units vary in the
number and size of drums they contain, but all units are located on concrete floors within
Buildings 770 (OU-2), 210 (OU-4), 260 (OU-3), and 469 (OU-3). Detailed information 
this site is provided in Sections 2.3.1 through 2.3.3 (see Figure 3-3 for site locations).

3.3.2 Site History and Enforcement Activities
See Sechor~ 2.3.2.

3.3.3 Summary of Site 41 Risks
See Section 2.3.3.

3.4 NFA Summary for Site 49-Expired Medical Supplies
Storage Area

3.4.1 Site Name, Location, and Description
The Expired Medical Supplies Storage Area is a warehouse storage area. The unit is located
near the center of Building 359 and consists of a concrete-floored storage bay
(approximately 50 ft by 30 ft) (see Figure 3-4). Materials are stored in the manufacturer’s
containers, on pallets or shelves throughout the unit, until transported or disposed.

3.4.2 Site History and Enforcement Activities
The Expired Medical Supplies Storage Area is a warehouse storage area that was used from
an unknown date through the base closure for medical supplies with an expired shelf life.

The site was evaluated during the RFA conducted in 1990, with the results indicating that
the potential for release from all pathways was low. There was no history or evidence of
uncontrolled leaks or spills, the units appeared to be in good condition, and the site was
designated for NFA. In addition, this site has been listed for NFA under the FFA.

No analytical data are available for Site 49.
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3.4.3 Summary of Site 49 Risks
Because of the lack of hazardous or toxic materials disposed or released at the site, there is

no source area of contamination at the site. On the basis of the lack of a potential source or
contaminants in a media, there is no risk to human health and the environment from this
site. Therefore, it is concluded that no remedial actions are necessary for the protection of
human health or the environment.

3.5 NFA Summary for Site 69-Flamethrower Liquid Fuel

3.5.1 Site Name, Location, and Description
Screening Site 69-Flamethrower Liquid Fuel Application is located within Parcel 3 on the
eastern side of the installation, approximately 100 ft east of Lake Danielson (see Figure 3-5).
The site currently is used as a golf course.

3.5.2 Site History and Enforcement Activities
Screening Site 69 primarily was used to test flamethrower fuels. Flamethrowers were tested
using diesel fuel. Fire fighting techniques also were practiced at this site after surface
ignition of the fuel. The site currently comprises part of the Memphis Depot golf course.

Site 69 previously was investigated as a screening site. According to the March 1998
Screenzng Sites Letter Reports (CH2M HILL), the pesticide dieldrin and the polycyclic
aromatic hydrocarbon (PAH) benzo(a)pyrene were found in surface soft at concentrations
similar to those observed across the Main Installation, resulting from the facility-wide
application of pesticides and PAH residual from the railroad tracks. The risks from these
contaminants are being addressed on a facility-wide basis.

3.5.3 Summary of Site 69 Risks
There do not appear to be risks associated with Screening Site 6, and NFA is proposed.

However, dieldrin and benzo(a)pyrene were found in surface site soil and risks are being
addressed on a facility-wide basis. Because of the absence of any other contaminant levels
above background, no risks or systemic toxicity ratios were estimated (USAESCH, 1998).
Therefore, NFA is recommended at this site.

3.6 NFA Summary for Site 76-Unknown Wastes Near
Building 690

3.6.1 Site Name, Location, and Description
Screening Site 76, Braiding 690, was used to store hazardous materials before shipment. The
building was constructed in 1953 and includes 218,000 square ft of space. The building is
located m the southwestern portion of OU-3, near 5th and M Streets (see Figure 3-6 for the
site location). Building 690 is used to store material-handling equipment and materials
awaiting shipment.
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3.6.2 Site History and Enforcement Activities
At times in the past, unknown wastes and vehicle maintenance supplies were stored in the

warehouse. No enforcement activities have taken place at this site.

Site 76 previously was investigated as a screening site. According to the March 1998
Screenzng Sites Letter Reports (CH2M HILL), dieldrin was detected at an elevated
concentration in surface soil, and lead and chromium were detected at elevated

concentrabons in the subsurface soft. Risks from dieldrin are being addressed on a facihty-
wide basis. The levels of lead and chromium are representative of natural conditions.

3.6.3 Summary of Site 76 Risks
There do not appear to be risks associated with Screening Site 76, and NFA is proposed.
However, dieldrin was found in surface site soil and risks are being addressed on a facility-
wide basis. In accordance with the PRE, there are no human health risks of concern for this
site (USAESCH, 1998).
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4.00U-4 Proposed NFA Soil Sites

OU-4 consists of approximately 168 acres and is located in the north-central section of the
Mare Installation at the Memphis Depot (see Figure 1-2 for its location). OU-4 includes
former and current hazardous materials storage buildings and the DRMO buildings and
stock yards. The former PCP Dip Vat area sites also are located in OU-4.

Sites in OU-4 currently proposed for NFA status are Sites 41, 44, 45, 53, 74, and 81. Sites 41,
44, 45, and 53 were identified as NFA sites during the 1990 RFA. Sites 74 and 81 were
proposed as NFA sites after the screening site investigation. The following subsections
describe those sites in OU-4 that have been proposed for NFA and provide supporting
information. Note that descriptions and supporting information for proposed NFA sites in
OU-4 that have buildings located in OU-2 are discussed in Section 2.

4.1 NFA Summary for Site 41-Satellite Drum Accumulation
Areas

4.1.1 Site Name, Location, and Description
F~ve satellite drum storage areas make up Site 41, Satellite Drum Accumulation Areas. The
areas have been used since 1985 to store drums of waste materials. The units vary in the
number and size of drums they contain, but all units are located on concrete floors within
Buildings 770 (OU-2), 210 (OU-4), 260 (OU-3), and 469 (OU-3). Detailed information 
this site is provided m Sections 2.3.1 through 2.3.3 (see Figure 4-1 for the site locations).

4.1.2 Site History and Enforcement Activities
See Section 2.3.2.

4.1.3 Summary of Site 41 Risks
See Section 2.3.3.

4.2 NFA Summary for Site 44-Former Wastewater Treatment
Unit

4.2.1 Site Name, Location, and Description
The former Wastewater Treatment Unit (WWTU) Area was the location of a temporary

wastewater treatment unit used in the remediation of Sites 42 and 43 in 1986. The unit was
located just west of Building S-737. The sump, located adjacent to the pesticide storage
building, was used as a holding basin untd enough wastewater was retained for treatment.
Figure 4-2 illustrates the site location. The WWTU consisted of a 12,000-gallon portable pool
with vinyl liner, pumps, medium capacity carbon cell, and associated piping on a concrete
pad
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4.2.2 Site History and Enforcement Activities
The WWTU was used to treat rainwater mixed with PCP-contaminated oil and rinse waters

from equipment decontamination during remedial actions and cleanup operations of the
peshclde shop. Sample results of the treated wastewater held in the portable pool were
below allowable levels for sewer discharge, and 8,000 gallons of water was discharged to the
publicly owned treatment works (POTW) operated by the City of Memphis Public Works
Department. Upon completion of the water treatment, 27 drums of contaminated carbon
were removed. After treatment was completed, the unit was dismantled and removed.

The site was evaluated during the RFA conducted in 1990, with the results indicating that
the potential for release to all environmental pathways was low. There was no l’ustory or
evidence of uncontrolled leaks or spills, the units appeared to be in good condihon, and the
site was designated for NFA.

4.2.3 Summary of Site 44 Risks

Because of the lack of hazardous or toxic materials disposed or released at the site, there is
no source area or contamination at the site to cause releases to the environment. Therefore,
there is no risk to human health and the environment from Site 44.

4.3 NFA Summary for Site 45-Contaminated Soil Staging
Area

4.3.1 Site Name, Location, and Description
The former Contaminated Soil Staging Area was a temporary storage area used from 1986
through 1988 to hold waste from the PCP tank and vat area remediation while it awa:ted
off-site transportation and disposal. The location was a gravel area to the northwest of
Building S-737 that measured approximately 200 ft by 100 ft. Figure 4-3 presents the site
location.

Roll-off containers were stored in the area. The containers were prepared to recewe
contaminated soil by having the seams filled with a foam material and being lined with
plastic. After each container was filled with contaminated soil, it was covered with plashc.

4.3.2 Site History and Enforcement Activities

Up to 39 roll-off containers, each with a capacity of 24 to 30 cubic yards, were placed m the
area. The contamers were filled with contaminated soil (containing PCP, dioxin, and furan)
from Sites 42 and 43 before shipment to a final off-site disposal facility.

The s~te was evaluated during the RFA conducted in 1990, with the results indicating that
the potential for release from all pathways was low. There was no history or evidence of
uncontrolled leaks or spills, the units appeared to be in good condition, and the site was
designated for NFA.

MG~982580001-DP154 DOC A-94 4-4
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FIGURE 4-3
SITE 45, FORMER CONTAMINATED
SOIL STAGING AREA
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4.3.3 Summary of Site 45 Risks
Because of the lack of hazardous or toxic materials disposed or released at the site, there is
no source area or contamination at the site to cause releases to the environment. Therefore,
there is no risk to human health or the environment from Site 45.

4.4 NFA Summary for Site 53-Flammable Solvents Storage
Area

4.4.1 Site Name, Location, and Description
The X-25 Flammable Solvents Storage Area Site is the result of a product storage area spill.
The spill occurred in the northernmost petroleum, oil, and lubricants (POL) concrete-
bermed storage area, located in the northwestern section of the Main Installation. The area
measures approximately 175 ft by 125 ft. The unit is designed with a concrete floor that
slopes to the south to retain material. The site location is illustrated on Figure 4-4.

The containment unit was designed specifically to contain spills from the operational units
in the storage area. The spill was cleaned up, with material recovered as soon as possible, at
the time it occurred.

4.4.2 Site History and Enforcement Activities
The 36,000-gallon spill occurred on January 19, 1988. The spill occurred inside the
containment unit and consisted of a mixture of highly flammable solvents, including xylene
and toluene. The spill was cleaned up, with material recovered as soon as possible, at the
time it occurred.

The site was evaluated during the RFA conducted in 1990, with the results indicating that
the potential for release from all pathways was low. At the time of the site visit, the unit
appeared to be in good condition with no evidence of soil staining or stressed vegetation
near the unit. On the basis of the response action and the recorded history, the site was
designated for NFA.

No analytical data are available for this site.

4.4.3 Summary of Site 53 Risks
Because the release was in a unit designed to contain such a release and the proper response
actions were taken at the time of the release to recover and remove the material, there ~s no
indication of a release to the environment. Therefore, there is no risk to human health or the
environment from this site.

MG~V~qB25B0001-DR 154 DOC
A-96 4-6
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4.5 NFA Summary for Site 74-Flammables and Toxics

4.5.1 Site Name, Location, and Description
Screening Site 74, the Flammables and Toxics Area, is located on the western end of
Building 319, off of C Street (see Figure 4-5). Screening Site 74 was used for the storage 
flammable and toxic materials.

4.5.2 Site History and Enforcement Activities
Site 74 previously was investigated as a screening site. According to the March 1998
Screening Sites Letter Reports (CH2M HILL), lead and chromium were detected in the
subsurface soil. However, the concentrations were representative of natural conditions.

No enforcement activities have taken place at this site.

4.5.3 Summary of Site 74 Risks
Lead and chromium were detected in the subsurface soil at Site 74 at concentrations above

the groundwater protection values¯ However, the detected levels appear to be naturally
occurring at these depths across the Memphis Depot. There were no other chemicals
detected at Screening Site 74 above the background levels. Because the site is free of any
measurable contamination, NFA is recommended for this site.

4.6 NFA Summary for Site 81-Building 765, Fuel Oil AST

4.6.1 Site Name, Location, and Description

Screening Site 81, Building 765, is approximately 2,200 ft east of the western boundary and
1,350 ft south of the northern boundary of the installation (shown on Figure 4-6).
Building 765 contained an aboveground fuel oil storage tank. Building 765 and the
aboveground storage tank (AST) have been removed.

4.6.2 Site History and Enforcement Activities
Site 81 previously was investigated as a screening site; according to the March 1998
Screenzng Sites Letter Reports (CH2M HILL), PAH compounds were found in surface soil. The
risks from these contaminants are associated with railroad operations and will be addressed
on a facility-wide basis. There were no other contaminants detected at Site 81 above
background levels.

4.6.3 Summary of Site 81 Risks
There were no contaminants detected at Site 81 that are attributable to the site. The PRE risk
rabos at the site were below risk levels for both the residential and industrial scenario,
because none of the chermcals exceeded background (USAESCH, 1998). Therefore, NFA 
recommended at this site.

MGM~-qB2580001 -DP 154 DOC
A-9B 4-B
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APPENDIX B

Well Construction and Stratigraphy

488 113

This appendix contains well completion diagrams for the following:

¯ MW-43
¯ TW-43
¯ MW-62
¯ MW-63
¯ MW-64
¯ MW-65
¯ MW-66
¯ PZ-1
¯ PZ-2
¯ PZ-3
¯ PZ-4
¯ PZ-5
¯ PZ-6
¯ PZ-7
¯ PZ-8
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tPROJECT
NUMBER WELL NUMBER

113630.01.ZZ I MW-43 SHEET 1
,,z

CH2MHILL
-,,D. WELL COMPLETION DIAGRAM

PROJECT DDMTOctoberlggSWelllnstofl&tton LOCATtON Memphls, TN

OF I

I
DRILUNG CONTRACTOR BoarI-Longyea r, IJttle FalIsT M N

DRILU NG METHOD AND EQUIPMENT USEO Rotasonlc, 4 in x 6 in

WATER LEVELS 12838fl(11/12J98) START 10/26/98 END 10/2e#98 LOGGER T Proper/ATL

Shut PetTM bentonite Pellets (1/4 in)

(Perlets used to seal confl~l~ng unit if penetrated 

238 Ibs (16 ft~

1 - Grour)d elevapon at well 285 53 ft

2- Top of castng elevaUon 284 99 ft

3- Wellhead protectJort oover type Flush mount vauR

b) concrete pad el=men signs 3 I1 x 3 ft

4- Dla tlype Of weil casing 2-=rich PVC

5- TypeJs~ot s=ze of screen 0 010 slot PVC

6- Type screen hirer Fl~t er SiITM -10120 sand

a) Qua,qtdy used 200 Ibs (4 bags}

7- Type of seaJ

a) Quanhty USe{/

8- Grcut

a) Grout m~x used Ouzk Grout" 1100 Ibs), 48 ~al water

b) Method Of placement Pumped

c) Vol of well easing grout

Development methOd

Approx 236 ~al

I-; s
Pump wdh Grundios pump

Oevelopc~ent brae 6 5 hours

Esl=mated purge volume 800 pal

Comments Mud we=ghl = g 4 IbS/Ral (not measured}

Total Depth ( BTCC} = 171 6 ft

Final held parameters colFected dunnfl weEI development tl 1/8/98I

conduc1[vl~ = 0 333 mSJcm

temperature = 18 6°C

Note Diagram not to sCale

B-3
P~l13630\Add]t_DnLlO-98kF~FclwCKk\we~lcOm#efionkMW&PZCc~sfructK~n~Mw43
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PROJECT NUMBER WELL NUMBER-43TW

113630.01.ZZ SHEET 1 OF 1
CH2MHILL

WELL COMPLETION DIAGRAM

PROJECT ODMTOctober1998Welllnsta~lat=on LOCATLON Memphls, TN
DRILLING CONTRACTOR Boart-Longyeart L=ttle Falls, MN
ORILLING METHOD AND EQUIPMENT USED Rotasonle, 4 in x 6 m
WATER LEVELS 132 70 ft (10/22/98) START 10/92J98 END 10/22/98 LOGGER T Proper/ATL

3

Note Diagram not to scale

1" Ground elevation at well

2- Top of casing elevaIic~

3- Wellhead protection cover type
b) concrete pad dlmensiol%$

4- D=a~ype of well casing

285 53ft (MW-43)

284 99 ft (MW-43)

NA
NA

2-=neh PVC

0 010 slot PVC

F~lt et S=ITM -10/20 sand (+ forrnatpon sand)

(8oundar’,/between format=on sand and Filter SilrM - 202 f~ )

5" TypeJslot size of screen

6" Type screen filter

a) Quantity used

7- Type of seal
a) Quantity used

8- Groul

a) Grout m=x used

b) Method of placement
c) Vc~ of well easing grout

Development method

100 IbS (2 bags)

Shut PeP" benton=to pellets 11/4 int
13 Ibs

Did not grout lemporary well

NA
NA

Pump w=th Grundfos pump

Develedment t~me 5 hours

Est=mated purge volume 625 9al

Comments Mud weight = NA
Total Depth (BTOC) = 204 0 

Final field parameters collected dunng well developmenI (10/23/98)
pH=671
conducttwty = 0 439 mS/cm
temperature = 19 1~C

B-4
P \11 ~30 \ AO OLI_OIIH_ I O~ Q8 \ F ~E’td wQr~ \ wellCom DIEt hon \ M W&pZ Co~tru~tlon\ 
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PROJECT NUMBER NELL NUMBER

113630.01.ZZ MW-62 SHEET 1

CH2MHILL

WELL COMPLETION DIAGRAM

PROJECT OOMTOctober1998Welllnst~Jlatlon LOCATION Memphls, TN

DRILUNG CONTRACTOR Boart=Longyear, bttleFalls, MN

DRJLLING METHOD AND EQUIPMENT USED Rot~sonlc, 4 in x 6 m

OF 1

488 1t’7

I
WATER LEVELS 93 99 f1(11112/98) START 10114/98 END 10114/98 LOGGER T Proper/ATL

3

Note Diagram not to sca)e

’\

J 5

/ 6

1 - Ground e}evatlon at well

E- Top of casing elevabon

3- Wellhead protect=on cover type

b) concrete pad d=merts~orl 

4* Dla/type of weTI casing

293 98 fl

293 60 ft

Flush mount vault

3ftx3ft

2-inch PVC

0 010 slot PVC

Filter SIITM -10/20 sand

250 Ibs (5 baQs)

5- Type/slot sJze of screen

6- Type screen tilter

a) Quantity used

7- Type of seal

a) Quantity used

E- Grout

a) Grout mix used

b) Method of placement

c) VOI of well casing grout

Development method

Devetope~nt time

Estimated purge volume

Shur Pe]TM benton,te p~l~ets f1/4 in1
(Pellets used to seal conflnln~ Unit if penelrated

70 Ibs (15 ft)

Qulk GrOUtTM (100 Ibs), 48 Qal water

Pumped

Aopmx 125 ~al

Baded with disposable ba~ler (slow recover~)

20 minutes foYer the course of 4 days)

1 8 qal

Comments Mud weight = 9 4 IbsJqal (not measured)

Total Depth (BTOC) = 97 13 

Final field parameters col~6of ed durln9 well development )10/25/98)

pHI 790

conducttvtty = O 185 mS/era

temperature = 18 8°C

p ~ I i 3b30\Ai3Olt_DrdL10.98% Fleldwork %wellcamDFehonk MW&pZ Constluchon\ MW.62 B-5



O CH2MHILL

PROJECTNUMBER

113630.01.ZZ
WELL NUMSEMW.63

SHEET 1 OF 1

WELL COMPLETION DIAGRAM

PROJECT DDMTOctober1998Welltnstallabon LOCATION Memphcs, TN

DRILLING CONTRACTOR Boa~-Longyear~ Little Falls~ MN

DRILU NG METHOD AND EQUIPMENT USED Rotasonlc, 4 m x 6 m

WATER LEVELS 10225fi(ll/t2~’B} START 10/13/98 END 10/13/98 LOGGER T PropedATL

1 * Ground elevation at well

2- Top ol C~slng elevation

3* Wellhead protection cover type

b) concrete pad dimensions

4- Dla/type of well cas=ng

305 l0 ft

304 58 ft

Flush mc~Jnt vault

3ftx3ft

2-inch PVC

0 010 slot PVC

Fl~t er $11TM -10/20 sand

5- Type/slot size of screen

6- Type screen hirer

a) (~Jantdy used

7- Type of seal

a) Quantity used

8- Grout

a) Grout m=x used

b) Method ol placement

c) Vol of well casing grout

Development methOd

200 Ibs (4 ba~ls 

Shur PelTM bentonlle pelters (1/4 In)

IPellets used to seal conhnln~ unit if penetrated I

38 Ibs (7 tt)

Qulk GrOut’~ (100 Ibs), 48 ga~ water

Pumped

Approx 185 ~al

Pump w=th Gmndfos pump

Development time 1 5 houm

Estlmatod purge volume 275 gal

Comments Mud wel~]hl ~ 9 4 Ibs/gal (not measuredt
Total Depth (BTOG) = 135 3 

Final field parameters colleCted dunnq well developrnenl t 10/21F38}

pH=607

conductwlt~ = 0 354 mS/cm

temperature = 19 2"C

Note Diagram not to scale

p \1136,30 \ A~3CI~t Orl~ 10-98 k F~,Owofk ~ wellc oCtll~etl on \ MW&pZ Corot t~3tlOn\ MW~,3 B-6
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PROJECTNUMBER

113630.01.ZZ

.LWELLNUMSE~W.64

SHEET 1 OF 1

WELL COMPLETION DIAGRAM

488

PROJECT DDMT October 1998 Well InstalIatJon LOCATION Memph=s, TN

DRiLLiNG CONTRACTOR Boarl-Long,/ear, Little Falls, MN

DRILLINGMETHODANDEQUIPMENTUSED Rolason=c 41nx6m

WATER LEVELS 10653ft(1111Z~98) START 10115/98 END 10/15/98 LOGGER T PrOper/ATL

Note D=agram not to scale

1 - Ground elevation at well

2- Top of Casing elevation

3- Wellhead protection cover type

b) concrete pad dimensions

4- D=a/type Of weII CaSing

3~4 63 tt

304 24 ff

Flush mount vault

3ttx3ff

2-inch PVD

0 010 slol PVC

F=lt er S=I’M -10Y~0 san(/

5" Ty!0eJslot s~ze of screen

6- Type screen biter

a) Quanhty used

7- Type of seal

a) Ouanhty used

S- Gro~Jt

a) Groul m=x used

b) Met~lod of plaCement

c) VOI of wetl casing grout

Development method

200 Ibs (4 ba~s)

Shur PelTM benlon~te pelters f1/4 in)

tPellets used to seal conflnqng unit if penetrated )

251bs (2 5 It)

Qu~k GroutTM 1100 IbS), 48 pal water

Pumped
Approx 146 s)al

Ba=led wdh dbspOsable batler (slow recovery)

Development time 6 hours (intermdtentl~)

Est=mated purge volume 33 pa~

Comments Mud weight = 9 4 IbsJqal (not measuled)

Total Depth IBTOCI = 112 8 ff

Ftnal he~3 parameters c011ecled dunng werl develoj:c’nent (10/24/98t
pH=682

conduCtrvity = 0 324 mS/cm

temperature = 18 4"C

P ~ 113b30yAdCt=t I~tlfl 1G98 ~ FK~lCJwork ~ wel~c°rn]31e’~°n \ MV¢ &PZ Cc~smJCl~n\ MW B-7
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CH2MHILL

PROJECT NUMBER

113630.01.ZZ SHEET I OF 1

WELL COMPLETION DIAGRAM

PROJECT DOMTOctcOer1998Welllnstallatlon LOCATION Memphms, TN

DRILLING CONTRACTOR Boart Lon~year, Little Fallst MN

DRILLING METHO0 AND EQUIPMENT USED Rotasc~=¢, 4 in x 6 in

WATER LEVELS 5086ft(ll/12J98) START 1116/98 END 11/6/98 LOGGER T Ptoper/ATL

1 \
\ 1 * Ground elevation at well

2- Top of Casing elevabon

3- Weltheed prolecbon cover

b} concrete pad dmmenslons

4- D~a/type of well cas=ng

I I 5- Type/slot size of screen

6" Type screen lilt er

a) Cuantdy used

7- Type of seal

a) Cuantdy used

8- Greut

a) Grout mix used

b) Method of placement

c) Vol of well casing grout

Development methOd

263 57 ff

263 22 ff

Flush mount vault

3ftx3ft

2-inch PVC

0 010 slot PVC

Fdter SIITM -10/20 sand

200 Ibs 14 ba~/s)

Shut PelTM bentomte pellets (114 in)

(Pellets useG to seam conflnln~ unit if penetrated 

38 (bs (4 ft)

Qumk GroutTM I100 Ibs), 48 ?al water

Pumped

Approx 55 ~al

79

Oevelopmenl time ~

Estimated purge volume ~9

Comments Mud wmqhI = 9 4 Ib~l~al (noI measured)

Total Deplh (BTOC) - ~v 

Final f~etd parameteP3 c olte<:ted dunn~ well developtnenl (1 lP?/98)

pH = ’~9

cortdu~Ct Nlty = ’Y) mS/cm

t empetatute = ’~’~c

Note Diagram not to scale

p \ i 13530\AOG~_Dtl~_lEy98\F~ldwork\we~comolebOn\MW&pZ CO,~lr uc tlon \ tvtW_b5
B*8
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CH2MHILL

PROJECTNUMBER

113630.01.ZZ tWELL NUMBEt~W.66 SHEET 1 OF 1

WELL COMPLETION DIAGRAM

PROJECT DDMT October 1998 Welllnstallabon LOCATION Memph=s, TN

DRILLING CONTRACTOR Boart-Longypar, Little Falls, MN

DRILUNG METHOD AND EQUIPMENT USED Rotascrz=c, 4 in x 6 m

WATER LEVELS 8006ft(11/12,’98) START 11110/98 END 11/10~98 LOGGER T Proper/ATL

Note Diagram notto scale.

1 - Ground elevation at well

2- Tog of c&s=ng efevabon

3- Wellhead protection cover type

b) concrete pad d=mens=ons

4- Dla/type of Well casing

289 15 tt

288 70° II

Flush mount vault

3~t x3 ft

2-inch PVC

0 010 slot PVC

F=tter SblTM -10~0 sanO

250 Ibs (5 ba~s)

5- Type/slot s~ze of screen

6- Type screen fl~t er

a) C~anhty use~

7- Type of seal

a) Quantity used

8- Grout

a) Grout mix used

b) Method of placement

C) VoI of well casing grout

Developmenl method

Shut PelTM bentonite pellets Ill4 Jrt)

(Pellets used Io seat conhnln~ und if penetrated 

~3 Ibs (10 8 It)

Qulk GroutTM IIOO It)s), 48 ~al water

Pumped
Approx 147 @al

97

Development time 09

Estimated purge volume o~

Comments MUd we=#ht = 9 4 lbS/gaf (not measured)

TO~a~ Depth (BTOC) = 9’~ 

Final held paramelers collected dunnq well developmenl 111 P "~FJ 81

pH = 97

conductrvlt~ = O’~mS~’cm

lemperature = "r/=C

"+/- 0 10’ it {~11 venfy)

P ~ 113530~ A(~3,t _l~bm J 0-98 \ F ~,k~wOrk \ wemcomplehOn ~ MW&pZ Cot~truc t ~n ~ ~ B’9
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tPROJECT
NUMBER WELL NUMB ER

113630.01.ZZ r PZ.1 SHEET t
L

CH2MHILL

WELL COMPLETION DIAGRAM

PROJECT ODMTOctobet1998WeHInstallatlon LOCATION Memphls, TN

OF 1

DRILLING CONTRACTOR Boad-Longyear bttle Falls, MN
DRILLING METHOD AND EQUIPMENT USED Rot~sontc, O D = 3 5 in, I D = g 25 in

WATER LEVELS Notmeasursd START 10/27/98 END 10/27/98 LOGGER T Ptoper/ATL

3

Note Diagram not to scale

1 - Ground elevatK]n at well

2" Top of casing elevation

3- Wellhead protection cove1 type

b) concrete pad dimensions

4- D=a/type of wetl c~s~ng

308 32it

307 76 it

Flush mount vault

3it x3it

3/4-inch PVC

0 010 slot PVC (pro-packed)

Filter SIITM -10/20 sand (+ lormation sand)

(BOund,~ry bit formation sand and Fdter SIITM - 105 ft )

5" TypeJslot size of screen

6- "type screen hirer

a) C~ant=ty used

7- Grout

a) Grout mix used

b) Method of placement

c) Vol of well casing grout

Development methO~

25 Ibs (112 ba~)

Ouik GrOutTM (100 Ibs), 48 gal water

Pumped

Approx 14g ~al

D~d not develop

Did not develop

EStlmaled purge volume O d no purge (Dnllef estimated 100 gal of

wa er added dunnq PZ installatLon )

Comments Mud weight = it 4 Tbs/qal Inot measuredI
Total Depth (BTCC) = 114 2 

PZ installed at HY-6 IOCatlort

B-10
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PRoJEc’r NUMeE~
113630.01.ZZ WELL NUMBERpz’2 SHEET 1

CH2MHILL

WELL COMPLETION DIAGRAM

PROJECT DDMTOclober1996Welllns~allat=on LOCATION Memph=s, TN

OF

DRILUNG CONTRACTOR Boatt-LonpHear~ Little Falls. MN

CRILLINGMETHODANDEQUIPMENTUSED Ro¢asomc. OD =351n ID =225=n

WATER LEVELS Not measured START 10/28/98 END 10/28198 LC~,GER T propet/ATL

1 - Ground elevation at wen

2- Top of casing eleva~on

3- Wellhead protection cover type

b) Cor~c~ete pa0 dimensions

4- Dla/type ol well casing

284 B2 ft

284 39 tt

Flush mc, Jnt vault

3ftx3tl

3/4 =rich PVC

0 010 slol PVC (pre-pecked)

F=lle r S=ITM -10/20 sand (+ ~ormat~on sand)

(BOundary b/t fotmallon sand and F31ter $11TM - 5~ fl 

5- Type/slot s~ze of screen

6- Type screen filter

a) Ou~t=ty used

7- Grout

a) GrOul mix used

b) Method of pTacemenl

C) VOl ot well cas=ng grout

Development me{hod

so Zbs Ilbag)

Qu=k GroulTM (100 Ibs) 4B BaT water

Pumped

Approx 103 gal

Did no{ develop

Development time Did not develop

Estimated purge volume Did not purge (Dnller esllmated 20 gal of

walet added dunnq PZ instaIlat=on )

ComrnelltS Mud weK}ht = 9 4 Ib~J~al (not measured)

Total Depth (BTOC} = 54 5 ft

PZ installed at HY-12 IOCat=on

Note Diagram not to SCale

p ~ 1136301 A~OILDt~L i 0.q 8 ~ F=e]Owork ~ welleO.~p~llon ~ MW&pZ CC,~truchon\ pZ.2
B-11
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CH2MHILL

PROJECT NUMBER

113630,01.ZZ
WELL NUMBERpz.3

SHEET 1 OF 1

WELL COMPLETION DIAGRAM

PROJECT DDM’rOctobett998Welllnstallatlon LOCATION Memphls, TN

DRILLING CONTRACTOR Boart-Longyear~ Utile Falls, MN

DRILLINGMETHODANDEOUIPMENTUSED Rotason~ OD =351n ID =2251n

WATER LEVELS Nolmeasured START 10/’29/98 END 10/29/98 LOGGER T PmperlATL

3

1 - Ground elevation at well

2- TOp of casing elevation

3* Wellhead protection cover type

b) concrete pad dimensions

4- Dla/type Of well casing

29B 73 It

2itit 31 It

Flush mount vault

3itx3ff

3/4-inch PVC

0 010 slot PVC (we-packed)

Filter SdTM -1 (~20 sand (+ formation sand)

fBOundary b/t formation sand and Fdter SdTM - 106 ft 1

5" Type/slot size of screen

6- Type screen hltet

a) Cuantdty used 50 IbS fl baQ)

7- Gtc~t

a) Grout mix used

b) Method el placement Pumped

c) Vol of welt casing grout Aporox 153 9a~

Development methOd Did not develop

Qulk GroutTM (100 IDS), 4it ~al water

Develop,~efl I time Did nol develop

Estimated purge volume Did not pur~e (Dnller estimated 30 qal ol

water addeG dunn~ PZ installation )

Comments Mud weight = 9 4 Ibstqal (not measured)

Total Deplh (BTOCI = ~ 19 4 It

PZ instafled at HY-78A Iocabon

Note Diagram not to sCale

P ~ l 13530 \ ACW3JLOnIL 10"98 % F ~IC/wofk ~ werlc ompk-=~c~ \ M~’V&PZ C ot~st tuc l}on ~ PZ~ B-12
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PROJECTNUMBER

113630,01,ZZ WELLNUMBERpz.4
SHEET 1 OF I

WELL COMPLETION DIAGRAM

488 IZ5

PROJECT DDMT October1998 Well lnstallaI+on LOCATION MemphlS, TN

DRILLING CONTRACTOR Boart-Lon~p/eat, Ldtle Fails, MN

DRILLING METHOD AND EQUIPMENT USED Rotason¢, O D = 3 5 m, I D = 2 25 in

WATER LEVELS Notmeasured START 11/3/9B END 11/3/98 LOGGER T PropedATL

3

Note Diagram not to scale

1" Ground elevation at well

2- Top of c ~s~ng elevabon

3- Wellhead protecbon cover lype

b) concrete pad dimensions

4- Dia/type of well casing

302 68 ii

302 30 it

Flush mount vault

3ftx3tt

3/4-inch PVC

0 010 slot PVC (We-packed)

F=~ter S=lTM -10/20 Sand (+ lermat=on sand)

5- TypeJslol size of screen

6" Type screen hirer

a) C~ant~ty used

7- Grout

a) Grout mix used

b) MethOd Of plaCement

c) VO~ of well casino grou~

DeveTopment methOd

IBoundar~ I~t fom~atlon sand and Fdter SIITM - 100 ft )

50 Ibs I1 bagt

Qulk GroutTM (100 tbs) 48 gel water

Pumped

A~rox 135 ~al

Did net develop

Development time Did t~ot deVelOp

EstlmaIed purge volume Did not purge (Dntler esllm ated 30 gel of

water ac3ded dunng PZ installaIion )

Cemmen~ Mud weiqht = 9 4 Ib~gel (not measured)

Totel Depth (BTOC) = 108 8 

PZ inslalled at HY-8 lOCation

P \ t 13630\ AOCht-Drlll- ~ 0"98 \ Fe~dw°rk % wetic°mp~el"cn\ MW&pZ C °ns~tu~ ~ \ B-13
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CH2MHILL

PROJECT NUMBER

113630.01.ZZ JWELL NUMBERpz.5 SHEET 1 OF 1

WELL COMPLETION DIAGRAM

PROJECT DDMT October 1998 Well Installa~o, LOCATION Memphis, TN

DRILLING CONTRACTOR Boarl-Longyear, LlJtle Fails, MN

DRtLLING METHOD AND EQUIPMENT USED Rotason¢, O D = 3 5 ~n, I O = 2 25 m

WATER LEVELS Notmeasured START I%/5~98 END 11/5/98 LOGGER T propedATL

Note Diagram not to scale

iI

1- Ground elevation at well

2- Top el Casing elevation

3- Wellhead protection cover type

b) concrete pad dimensions

4- DiaJtype o{ Well casing

256 55 h

256 04 It

Flush mount vault

3 fl x3it

3J4-ineh PVC

0 010 slol PVC (pre-packed)

FiIte~ Sii TM -1020 sand (+ format*on sand)

(BoundaP/b/t Iormation sand and Filter SiI TM - 67 It )

5- Type/s~ot size of screen

6- Type screen hirer

a) Quantity used

7- Grout

a) Grout mix used

b) MethOd o~ plaCement

C) Vol ol well casing grout

Developmenl methOd

1oo i~s (2 hap)

Qulk GroutTM (I 00 Ibs), 48 gal water

Pumped

A~prox 79 ~al

Did not develop

Development time Did not develop

Estimated purge volume Old not purqe (Estimated 9al of

water added dunng PZ tnstallahon unknown )

Comments Mud weight = 9 4 Ibs/~al (not measured}

Total Depth (BTCC) = 78 6 

PZ installed at Hy-5 lOCation

P \ 113030 \ AdO’f-DnLI 0"98 \ F~lOwo r k ~ wellcomple tIOn \ MW& PZ C°~truchon\ B-14
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IPROJECT
NUMBER

113630.01.ZZ WELL NUMBERpz-6
SHEET 1

CH2MHILL

WELL COMPLETION DIAGRAM

PROJECT DDMrrOJtoperlgg8Well~nstal~a~on LCCAT~ON Memph=s. TN

OF 1

DRTLLING CONTRACTOR Boart-Longyearf bffie Falls. MN

DRILUNG METHOD AND EQUIPMENT USED Rotasomc. O D = 3 5 =n. I D = 2 25 =n

WATER LEVELS Not measured START 11/8/98 END 11/8/98 LOGGER T Pmper/ATL

3

Note Diagram nol to ic=le

1 - Greund elevation al well

2- Top of casing elevat=on

3- Wellhea0 protect=on cover type

b) concrete pad dlmens=ons

4- Dla/type Of well casing

303 19 tt

30274;I

Flush mount vauil

3ftx3ff

3f4-1nch PVC

0010 slot PVC

Fplter SI~TM -10~20 sand

(~undar~ I~’t f on’nat~on sand and Filter S=~TM * 1016 rt 1

5" TypPJslot size of screen

6- Type Screen IiIter

a) Ouant=ty used 50 Ibs (1 bag)

7- Grout

a) Grout mix used Ou~k GroutTM I100 tbsI 48 gat water

b) Method of pTacement Pumped

c)Vot of wellcas=nggrout Approx 127~]al

Development methOd D=d not develop

Development t=rne Did not develop

Estimated purge voTume Did not purqe IDn,er est=mated 70 ~l of

water added dunn~ PZ =nstallat=on )

Commen~s Mud weiqht = 9 4 IbSJ~al (not measured)

Teta~ Depth (BTOD) = 99 

PZ installed at HY-36A location

P \ ] 13t:~0 \ AdO[t_Dr~l_ I 0-g81F~IdWC~ % welleOmple fl(~h \ ivlw&Pz Co.sir uc IIC~ ~ B’15



488 128

CH2MHILL
JWELL NUMBERpz.7 SHEET 1 OF 1

WELL COMPLETION DIAGRAM

PROJECT DDMT October 1998 Weil Instaltat=on LOCATION Memphis, TN

DRILLING CONTRACTOR Boart=Lon~year~ Little Fails, MN

DRILLINGMETHODANDEQUIPMENTUSED Rotason=c, OD =35=n,ID =225tn

WATER LEVELS Not measured START 11F3t98 END 11/9/98 LOGGER T PtopeHATL

3

7~

6

Fo--c1
4:

1 - Ground elevation at well

2- Top of casing elevabon

3- Wellhead protecbon covet type

b) concrete pad dlmens~ons

4- Dia/type of well CCSln g

304 93 It

304 50 ft

Flush mc4JNt vaull

3ftx3ff

3/4-inch PVC

0 010 slol PVC

Fillet SIITM -10/20 sand

5o Type/slot size of screen

6- Type screen hirer

a} Ouantlty usecI

7- GrOut

a) Groul m~x used

b) Method of placement

c) Vol ol well c~slr~g grout

Development method

IBoundal~ b/t formation sand and Filter S=ITM - 112 It )

75 Ibs 11 5 ba~s)

Ou=k Grouv~ I100 IbS), 48 gal water

Pumped

Approx 140 gal

Did not develop

Development t=me D=d not develop

Esbmated pu~Je volume Did not purge (Dnller estimated 50 Ral of

water adOed dunnq PZ installation )

Comments Mud we=qht = 9 4 Ibst9al (not measured}

Total Depth (BTOC} = 1 ~ 1 8 It

PZ installed at HY-67A Iccabon

Note Diagram not to scale

p \ } 13630 ~ A(:~3Lt=DnrL 1Gq8 k F~dwOrk \ wellcomple tlon\ MW&PZ Coo3tnJchon -7 B-16
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IPROJECT
NUMBER WELL NUMBER

113630.01.ZZ J PZ-8 SHEET 1

CH2MHILL !

WELL COMPLETION DIAGRAM

PROJECT DDMTCctcOer1998WelllnstallatJon LOCATION Memph=s, TN

OF 1

DRILLINGCONTRACTOR Boatl-Long-fear, UttleFalls~ MN

DRILLINGMETHODANDEQUIPMENTUSED Rotasonlc, OD =35m,ID =2251n

WATER LEVELS Notmeasured START 11/11,98 END 11/11,98 LOGGER T Pto~r/ATL

3

1 - Ground elevabon at we~l

2- Top of casing elevation

3- Wellhead protec~on cover type

b) concrete pad d=menslon$

4- Dia/type ot well casing

289 9t ft

289 35 ff

Flush mount vaull

3i~ x3 fl

3/4-inch PVC

0 010 slot PVC

F+lt er SiTTM -10/20 sand (+ formation sand)

(Boundat~ 13/t format=on sand and Fdter SdTM - g4 ft )

5* Type/SlOl size of screen

6- Type screen filter

a) (~JantJty usec~ 75 Ibs (1 5 ba~s)

7* Grout

a) Grout mix used

b} Method of placement Pumped
c) Vol of wel~ casing grout Approx 137 ~a~

Development method Old not develop

Qulk GroutTM f 100 Ibs), 48 gal waler

Devel0pmenl t~me D~d net develop

Est=mated purge volume Did not purqe lEst=mated qal of

water added dunng PZ mstaTlatlon unknown 1

Comments Mud we=~lht = g 4 Ib,~Jq al (not measuredI
Tota~ Depth (BTOC) = 108 7 

PZ installed at HY-11 location

Note Diagram not to scale

B-17
P ~ I 13630 \ ACCIJtlDrdI_ t 0-98 ~ Flek~ wor~ ~ weileomp~e ~on\ MW&pZ Co~truchon\ pz-s
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APPENDIX C

Quality Assurance/Quality Control

Appendix C contains the following:

* C-1: Memphis Depot BRAC Data Quality Evaluation Memorandum

¯ C-2: Data Quality Evaluation Report-Memphis Depot Screening Sites Project

¯ C-3: Data Quality Evaluation Report for the Defense Depot Memphis, Tennessee,
Remedial Investigation Project

¯ C-4: Memphis Depot Main Installation RI/FS Data Quality Evaluation

ATU147543/APPENDICE$/APP A./AP P COVERSHEETS NEW1 DOC C-1
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CJ~M H ILL

Memphis Depot BRAC Data Quality Evaluation

(DQE)

Introduction
Surface and subsurface soil and sediment samples were collected during October 1996 Field QC
samples mcluded field duplicates, field blanks, trip blanks (analyzed for VOCs only), eqmpment
rlnsate blanks, and matrix spikes. The samples were analyzed for the following analytical fractions

¯ Volatde organic compounds (VOCs) by SW-846 method 8020
¯ Volatile organic compounds (VOCs) by SW-846 method 8260
¯ Semlvolatde orgamc compounds (SVOCs) by SW-846 method 8270
¯ Organochlorme PestIcldes/PCBs by SW-846 method 8080
¯ Total petroleum hydrocarbons (IR) by EPA method 418 
¯ Metals by SW-846 methods 6010, 7470, and 7471

The purpose of the data quahty evaluation process (DQEP) is to assess the effect of the overall
analyncal process on the usability of the data The two major categories of data evaluation are
laboratory performance and matrix interferences Evaluation of laboratory performance is a stralght-
forward check of compliance wath the method reqmrements, either the laboratory did, or did not,
analyze the samples within the hnuts of the analytical method. Evaluation of matrix interferences is
more subtle and involves the analysis of several areas of results including surrogate spike recoveries,
mamx spike recoveries, and duplicate sample results.

DQE for the Screening Sites data consisted of the following two principal activities’

¯ Hard copy "validataon" of the EPA Level 3 data packages (as a note, tt Is not possible to
"’vahdate" the EPA Level 2 data because there is no QC summary data to evaluate)

¯ Database-wade evaluation of the trends in data quality (for example, trends m surrogate spake
recovery)

It ~s important to note that "data vahdatton" as the assessment of the hard-copy data base
dehverables m terms of method complmnce, and "data quality evaluation" is the qualitative
evaluation of overall trends an the project-specific database. Areas evaluated in the DQE include the
following.

Potential "blank contamination" (l e. the effect on the usaNhty of data for target compounds and
analytes detected in both the field or laboratory blank samples and the corresponding field
samples)

¯ Laboratory performance (i.e. recovery for spiked blank samples and other laboratory checks such
as cahbratmn and laboratory control samples)

¯ Mamx anterferences (i e. recovery for spiked field samples)

ATUPROJECTS/147543/AP PC DOC C-5
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MEMPHIS DEPOT BRAC DATA QUALITY EVALUATION (DQE)

¯ Usability of metals results at, or near, the mstrument detection lirmts

This DQE technical memorandum (TM) includes the following

¯ Results of the database-wide DQE queries (summary tables are included at the end of this report)

¯ Assessment of the overall usability of the data to support the project decision-making process

The focus of the hard-copy data validation was to review each of the QC summary sheets, note
nonconformances on the DV worksheets, qualify the data as appropnate, and summarize the results
of this review. These completed worksheets are included in the project file and are available upon
request

Data Evaluation Criteria

Before the analytical results were released by the laboratory, both the sample and QC data were
carefully reviewed to verify sample identity, instrument calibration, detection limits, dilution factors,
numerical computations, accuracy of transcriptions, and chemical interpretations Additionally, the
QC data were reduced and the resulting data were reviewed to ascertain whether they were within the
laboratory-defined limits for accuracy and precision. Any non-conforming data were discussed m the
data package cover letter and case narrative.

The data EPA level 3 QC packages were reviewed by the project chermsts using the process outlined
in the Environmental Protection Agency (EPA) guidance document USEPA CLP National
FtnlCtlonal Gtddehnes for Inorganic (Orgamc) Data Review (February, 1994) The data review and
vahdatlon process is independent of the laboratory’s checks and focuses on the usability of the data to
support the project data interpretation and decision-making processes. Areas of review included
(when applicable to the method) holding time compliance, calibratmn verificatmn, blank results,
matrix spike precision and accuracy, method accuracy as demonstrated by LCSs, field duplicate
results, surrogate recoveries, internal standard performance, and interference checks. A data review
worksheet was completed for each data package.

Data that were not within the acceptance lirmts were appended with a qualifying flag, which consists
of a single or double-letter abbrevmtion that reflects a problem with the data Although the qualifying
flags originate during the database query process, they are included in the final data summary tables
dehverable so that the data will not be used Indlscrln~nately. The following flags were used in this
text

ATLJPROJ ECTS/147543/APPC DOC C-6



139

TABLE C.1-1
Data Quahhcatlon Flags
BRAC Data Quahty Evaluation
Memphis Depot Main Installation RI

Qualifier Description
U Undetected. Analyte was analyzed for but not detected above

the method detection hnut.
UJ Detection hrmt estimated. Analyte was analyzed for and

qualified as not detected. The result is estimated.
J Estimated The analyte was present, but the reported value

may not be accurate or precise.
R Rejected. The data are unusable (NOTE: Analyte/compound

may or may not be present )

Inorgamc numerical sample results that are greater than the method detection hmit (MDL) but less
than the laboratory reporting limit (RL) are qualified with a "J" for esumated as required by the EPA
Functional Guidelines for Evaluating Data Quality

"R" quahfiers are used to reject data that have been determined unusable during data validation. Poor
MS/MSD recovery, poor surrogate recovery, poor laboratory control sample recovery, rmssed
holding times, and gross contammanon are some of the cases where "R" qualifiers may be apphed to
data.

Once the data review and validation process was completed, the entire data set were reviewed for
chemical compound frequencies of detection, dilution factors that rmght affect data usability and
patterns of target compound distribution. The data set was also evaluated to identify potential data
limitations, uncertainties, or both in the analytical results.

Potential Field Sampling and Laboratory Contamination

Four types of blank samples were used to monitor potential contanunatmn mtroduced during field
sampling, sample handling, shipping actlvmes, as well as sample preparation and analysis.

¯ Trip Blank (TB) A sample of ASTM Type II water that is prepared In the laboratory prior 
the sampling event. The water is stored m VOC sample containers and is not opened m the field,
and travels back to the laboratory with the other samples for VOC analysis This blank is used to
monitor the potentml for sample contanunation during the sample container trip. One trip blank
should be included m each sample cooler that contained samples for VOC analysis. Eight trip
blanks were submxtted to the laboratory with these samples.

¯ Equipment Rinsate Blank (ERB) A sample of the target-free water used for the final rinse
during the eqmpment decontamination process. This blank sample is collected by rinsing the
sampling equipment after decontamination and is analyzed for the same analyucal parameters as
the corresponding samples This blank is used to monitor potential contarmnatlon caused by
incomplete equxpment decontamination. One equipment rinsate blank should be collected per day
of sampling, per type of sampling equipment. Two equipment rinsate blanks were subrmtted to
the laboratory for analysis

C-7 ATUPROJECTS/14754~APPC DOC
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MEMPRIS DEPOT BRAC DATA QUALITY EVALUA~ON (DQE)

Field Blank or Ambient Blank (FB or AB): The field blank ts an ahquot of the source water
used for equipment decontamination. This blank momtors contarmnatlon that may be introduced
from the water used for decontaminauon. One field blank should be collected from each source
of decontarmnation water and analyzed for the same parameters as the associated samples Two
field blanks were collected during this sampling event.

¯ Laboratory Method Blank or Method Blank (MB)’ A laboratory method blank is an analyte-
free matrix to which all reagents are added in the same volumes or proportions as used in sample
processing The method blank should be carried through the complete sample preparation and
analytical procedure. The method blank is used to document contarmnation resulting from the
analyucal process. One method blank was prepared and analyzed for every twenty samples or per
analytical batch, whichever was more frequent.

Evaluation of QC Blank Results according to the EPA Functional Guidelines, concentrations of
common organic contatmnants detected in samples at less than ten t~mes the concentraUon of the
associated blanks can be attributed to field sampling and laboratory contaminauon rather than
environmental contamination from site activities. Common organic contaminants include acetone,
methylene chloride, 2-butanone (MEK), and the phthalates For other inorganic and orgamc
contaminants, five times the concentratxon detected in the associated blanks rather than ten is used to
qualify results as potential field and/or laboratory contarmnaUon rather than environmental
contamination. A detailed hst of contaminant found m the field and laboratory blanks is provided In
Table C l-2a The frequency and range of targets detected in the samples, after quahflcatlon based on
blank contalmnation, is provided in Table C 1-2b.

Acetone, 2-butanone, 2-hexanone, and 4-methyl-2-pentanone (ketone farmly or class) are often
associated with equipment rlnsate solvents, such as methanol, as solvent contaminants Incomplete
drying of the rlnsate solvent can cause carryover of these contaminants. Acetone and methylene
chloride are extraction solvents and are common laboratory contaminants. Phthalates are ublqmtous
laboratory contaminants. Phthalates are used as plasttc~zers and are often introduced into samples
during handling. Gloves used in the field and the laboratory may contribute to the presence of
phthalate compounds Other apparatus and reagents used m the field and/or laboratory may contain
phthalates.

¯ Acetone (extraction solvent and common lab contaminant) was detected in one eqmpment rmsate
blank, one field blank, three trip blanks, and 11 laboratory method blanks All acetone detects in
the field samples were less than 10 times the level of the assocmted blanks and were therefore
qualified as non-detected (U)

¯ Methylene chloride (extraction solvent and common lab contaminant) was detected seven
laboratory method blanks Methylene chloride was not detected m any of the field QC samples
All methylene chloride detects m the field samples were less than 10 times the level of the
associated blanks and were therefore quahfled as non-detected (U)

¯ 2-Butanone (common lab contarmnant) was found m one equipment rmsate blank and one field
blank. All 2-butanone detects m the field samples were less than 10 times the level of the
associated blanks and were therefore qualified as non-detected (U)

¯ Phthalates are common lab contaminants and were detected in a number of blanks Benzyl butyl
phthalate was detected m one laboratory blank Five laboratory method blanks had bls-2-
ethylhexyl)phthalate (BEHP) present Dlethyl phthalate was detected m one field blank and 
equipment rmsate blanks. Additionally, di-n-butyl phthalate (DNBP) was detected in one field
blank and eight laboratory blanks. Due to the widespread detection of BEHP and DNBP, global

ATUPROJECTS/~ 47543tAPPC DOC C-8
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flags were applied to these samples. Several phthalates were detected in samples greater than 10
times the highest associated blank levels. These results may be anomalies, therefore care should
be exercised when using these data.

Phenol was the only other organic compound detected in any blank It was found in one eqmpment
rinsate blank Phenol was detected above the MDL in one sample that was not associated with this
equipment rlnsate blank

When evaluating any significant amount of data such as this, there may be instances in which
common laboratory contaminants are reported at low levels in samples, but are not detected in any
associated blank samples. Therefore, they can not be qualified as "U" (undetected) based upon blank
evaluation. However, the reported levels of these compounds must be evaluated carefully to
determine if they are truly indicative of environmental conditions, or low level contamination from
the field or laboratory. Several phthalates (benzyl butyl phthalate, bis(2-etylhexyl phthalate, dl-n-
octylphthalate, and dlmethylphalate) were found m samples, but not in the associated blanks and
were therefore not qualified as undetected These are common laboratory contaminants and may
possibly be due to low level contamination, rather than environmental con&tions However, several
phthalates are present at levels significantly above the report hmit In particular, sample AA0049DL
was diluted solely in order to have bis(2-ethylhexyl)phthalate response within the calibration range
These results may be true contaminants, therefore care should be exercised when using these data

A number of metals were detected in various blanks Many of these metals are ubiquitous at low
levels (chromium, copper, nickel, manganese, and lead) Chromium and nickel are associated with
alloys of steel Copper is the primary metal used In conduits, tubing, and some electrical wrong Lead
~s associated with many alloys or solder combinations. Other metals such as arsenic, cadmium,
selemum, silver, thallium, and mercury are not common contaminants and generally are quantltated
just above the MDL and are usually false positives associated with instrument noise. Samples were
qualified for metallic blank contarmnatxon on an SDG applicable basis and not globally. Any sample
concentration falling under the five times blank rule was qualified as not detected.

Matrix Effects

Surrogate Spike Recovery

Surrogate spike compounds were added to every sample analyzed for the organic parameters
including field and laboratory blanks as well as field environmental samples. Surrogate spikes consist
of organic compounds which are similar to the method targets m chemical composition and behavior
in the analytical process, but which are not normally found m environmental samples.

Surrogate spike recoveries were used to monitor both laboratory performance and matrix
interferences Surrogate spike recoveries from field and laboratory blanks were used to evaluate
laboratory performance because the blanks should represent an "ideal" sample matrix Surrogate
spike recoveries for field samples were used to evaluate the potential for matrix interferences.

Per SW-846, the laboratory should develop in-house performance criteria for surrogate recoveries
Once established, control limits and warning limits for surrogates should be updated at least semi-
annually Table C.1-3 summarizes the VOC, SVOC, and pesticlde/PCB surrogate recovery control
hnuts reported by the laboratory, as well as the ranges of reported surrogate recoveries

Based on the database query, the average VOC recovery was 103.8%. When the laboratory VOC
control limits were applied, more than 95% of the recoveries were within laboratory acceptance
criteria
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A greater variation (and hence broader range of recoveries) in surrogate spike recovery was observed
for the SVOC analyses, but this is typical and is reflected by the broader method target acceptance
Ilrruts One sample had extremely low surrogate recovery and was re-extracted with acceptable
results. The SVOC acid surrogate recovery averaged 77% recovery. The base-neutral surrogate
recovery averaged 84% recovery. Greater than 95% of the surrogate recoveries were within the
laboratory acceptance limits.

Surrogate recoveries were not determined for 50 of the organochlonne pesncide/PCB samples due to
the dilutions required for quantltatlon performed for analysis. All results for these samples were
flagged as estimated, "J" for detects and "UJ" for non-detects. The measured surrogate recoveries
averaged 100.3%. Of these measurable surrogate recoveries, 95% were within laboratory control
limits.

The organic surrogates recovered within control limits, demonstrating no adverse effects due to the
sample matrix.

Matrix Spike Recoveries

Matrix spikes are prepared in order to document the precision and bias of a method In a given sample
matrix For inorganic matrix spikes, three aliquots of a single sample were analyzed; one nanve
sample, one native duplicate, and one sample spiked with target elements. Spike recovery is used to
evaluate potential matrix interferences as well as accuracy. Precision is evaluated by the comparison
between the native sample and native duplicate results for each target analyte Three allquots of a
single sample are also analyzed for orgamc methods, however, utilizing one native and two spiked
ahquots. Unlike the surrogate spike compounds, organic matrix spike compounds are found on the
method target compound list. Spike recovery is used to evaluate potential matrix interferences as well
as accuracy. The duplicate results (MS/MSD or native/Dup.) are compared to evaluate precision

Organic results are not qualified upon the results of MS/MSD results alone. Evaluation is in
con/unction with surrogate and internal standard (if applicable) results Several of the organochlorlne
pestlclde/PCB spikes were &luted due to native concentrations of pesticides and recovery cannot be
deterrmned For the DDMT BRAC effort, the laboratory MS/MSD spiking solutions contained 5
compounds for volatlles, 11 targets for semivolatlles, and 6 compounds for pesticlde/PCBs. No
organic results required qualification due to the MS/MSD precision and accuracy measurements
indicating that the matrix did not influence the method or the final analytical result

The GC/MS volatile and semlvolatlle MS/MSD recovery and precision data all fell within laboratory
control limits. Two sets of the organochlorlne pesttclde/PCB spikes (A047MS/SD and A042MS/SD)
were diluted due to native contents and recoveries could not be determined. However, the precision
of the native compounds was acceptable. The other three sets of OC pesticide/PCB spikes had
acceptable recovery and precision, except where native contents were significantly higher than the
spike level.

Inorganic results may be qualified solely upon the results of the matrix spike/matrix spike duplicate
precision and accuracy. Instances where the native sample concentration for a given element exceeds
the spike added concentration by a factor of four or more are disregarded as the spike added would
be masked by the native concentration According to EPA Fiolctional Guidelines, metals recoveries
of greater than 30% and outside the 75-125% recovery control limits are required to be flagged as
estimated. Precision requirements for soils and waters are at 35 and 20 relative percent difference
(RPD), respectively Lead recovery was below 75% in two spikes However, the native (A129) 
one splke was almost four times the spike level The matrix spike recovery for sample A106 was 26
percent The lead detects in samples associated with this spike were quahfied as estimated (J) and
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non-detects were rejected (R). All inorganic recoveries that exceeded the 75-125% recovery hrmts
are summarized in Table C. 1-4. For the other unacceptable recoveries, assomated samples were
flagged as estimated ("J" for detects and "UJ" for non-detects) due to matrix spike performance.

The precision and accuracy information obtained from the matrix spiking and naUve duphcate
precision in&cate that the specific sample matrix did not influence the overall analytical process or
the final numerical sample result.

Laboratory and Field Duplicate Sample Results

For sod samples (laboratory and field duplicates), a control limit of_+ 35% for the RPD was used for
original and duphcate sample values greater than or equal to five times the RL A control hmlt of_+
the two t]mes the RL was used if either the sample or the duphcate value was less than five times the
RL. In the cases where only one result is above the five Umes the RL level and the other Is below, the
+ two times the RL criteria were applied.

Laboratory duplicates (LD) are used in morgamc analysis to evaluate precision. Two aliquots of the
same sample are separated in the laboratory and analyzed concurrently. According to the EPA
FllnCtlonal Gutdehnes, data are qualified based on laboratory duphcate precision. Table C.1-Sa
summarizes the laboratory duphcate results that did not meet precismn criteria.

Field duplicate analyses measure both field and laboratory precision and can also be affected by the
homogeneity of the samples. Therefore the results may have more variabihty than lab duplicates,
whlch measure only lab performance. According to the EPA Functional Guidelines, there are no
qualification criteria for field duplicate precision.

There were several sets of field duplicates collected during this field effort Both the native and
duplicate samples were analyzed for the same parameters. Premsion criteria were met for all
parameters except those listed m Table C. 1-Sb, demonstrating iranimal matrix heterogeneity

ICP Serial Dilution

The serial dilution of samples quantitated by ICP deterrmnes whether or not slgmflcant physical or
chenucal interferences exist due to sample matrix. If the analyte concentratmn Is sufficiently h~gh,
the serml dilution analysls must agree within a 10% difference of the original deterrmnatlon after
correcuon for ddution.

Two serial dilutions were reported with this sampling event. Results were quahfied based on
assoclatmn of the serial ddutmn to the individual sample dehvery groups (SDGs). Aluminum,
barium, chrormum, cobalt, copper, iron, lead, manganese, sodium, vanadmm, and zinc did not meet
serial dilution criteria for this sampling event. Assocmted samples were qualified as esUmated (J/UJ).

Samples Requiring Dilution

There are often occasions during the analysis of samples when a dilutmn may be required for various
reasons. Diluting a sample is usually performed to provide more accurate quantltatlon of the target
compounds and to protect the analytical instrumentation If the concentratmns of the target
compounds are above the calibratmn range of the instrument, the sample extract must be diluted in
order to obtain an accurate quantltatmn Laboratories typically dilute the sample extracts such that
the responses of the target compounds are in the upper part of the calibration range This IS done m
order to give a clear, strong s~gnal from the detector while providing the lowest possible reporting
hmlts
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Another reason samples need to be dduted is the presence of non-target compounds and chemical
interferences, or matrix effects. Matrix effects can be produced from a vanety of sources, including
conductivity, pH, organic content, and biota (oils and lipids). Laboratories will often perform a clean-
up procedure on the sample extract prior to analysis. Standard clean-up procedures are designed to
recover the target compounds, while rmnlrmzing or removing interfering non-target compounds;
however, interferences can still persist, even after clean-up procedures have been employed.

Some inorganic samples were diluted for selected parameters (calcium, barium, and iron) in order 
prevent concentrations from exceeding the instrument linear ranges or when excessive interference
was present.

Many organochlorine pestlclde/PCB samples required dilutions due to levels of targets present in the
samples Some of these were diluted to a level at which surrogate and spike recoveries could not be
determined.

Several semivolatile samples required dilution due to levels of targets present in the samples. In these
cases, the laboratory additionally provided data from less diluted analysis, thus providing better
report lirmts for the other compounds.

PARCCs

Precision--is defined as the agreement between duphcate results, and was estimated by comparing
duplicate matrix spike recoveries, sample duplicates, as wells as the field duplicate sample results.
Other than the documented exceptions, the precision between native and field duplicate sample
results were within acceptable criteria for 90% of the measurements indicating that sample matrix did
not significantly interfere with the overall analytical process.

Accuracy--is a measure of the agreement between an experimental determination and the true value
of the parameter being measured. For the organic analyses, each of the samples was spiked with a
surrogate compound, for organic analyses a MS, MSD, and LCS were spiked with a known reference
material before preparation, and for inorganic analyses a MS and LCS were spiked with target
analytes before preparation. Each of these approaches prowdes a measure of the matrix effects on
the analytical accuracy The LCS results demonstrate accuracy of the method and the laboratory’s to
meet the method criteria MS and MSD results establish precision and accuracy of the matrix.
Accuracy can be estimated from the analytical data and was not measured directly Spike recoveries
were within the method acceptance hmxts in greater than 92% of the measurements Surrogate
recoveries were within acceptance limits in greater than 95% of the measurements. Therefore, other
than the documented exceptions, there was no evidence of significant matrix interferences that would
affect the usability of the data.

Representativeness--this criteria is a quahtatlve measure of the degree to which sample data
accurately and precisely represent a characteristic environmental condition. Representativeness is a
subjective parameter and IS used to evaluate the efficacy of the sampling plan design
Representativeness was demonstrated by providing full descrlpuons in the project scopmg documents
of the samphng techniques and the rationale used for selecting sampling locations

Completeness--is defined as the percentage of measurements that are judged to be valid compared to
the to total number of measurements made Of a total of 15460 validated results (individual
compounds or elements), 645 (4.2% of total results) were rejected. Of the rejected data, 644 (99% 
rejected results) were attributed to reextracts, reanalysis, or secondary dilutions for the organic
parameters (there can only be one valid result for a sample). Only 1 (< 0.01% of total results) result
was completely rejected (where no valid result for parameter remains) Therefore, not considering
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the rejects based on multiple parameter results, more than 99 percent of the data was detertmned to
be valid

Comparability--is another quahtatwe measure designed to express the confidence with which one
data set may be compared to another Factors that affect comparability are sample collection and
handling techmques, sample matrix type, and analyt]cal method Comparability is limited by the
other PARCC parameters because data sets can be compared with confidence only when precision
and accuracy are known. Data from th~s investigation are comparable w~th other data collected at the
s~te because only EPA methods were used to analyze the sample and standard EPA Level RI QC data
are avadable to support the quahty of the data

Summary and Conclusions

Conclusions of the data quality evaluation process include:

¯ The laboratory analyzed the samples according to the EPA methods stated in the project plan as
demonstrated by the dehverable summaries and analytical run sequences.

¯ Concentrations of acetone, methylene chloride, 2-butanone, &ethyl phthalate, and di-n-butyl
phthalate can all be attributed to field sampling and/or laboratory contamination rather than
environmental contamination and all samples results for these parameters were flagged as non-
detected for these parameters

Several phthalates (benzyl butyl phthaIate, bis(2-etylhexyl phthalate, dl-n-octytphthalate, and
&methylphalate) were found in samples, but not in the associated blanks and were therefore not
quahfied as undetected. These are common laboratory contarmnants and may possibly be due to
low level contamination, rather than environmental conditions However, several of these
phthalate compounds are present at levels slgmficantly above the report tinuts In parUcular,
sample AA0049DL was dduted solely in order to have bis(2-ethylhexyl)phthalate response
wlthan the calibration range These results may be anomalies, therefore care should be exercised
when using these data.

Sample results for metals above the MDL but less than the RL may be attributed to instrument
nmse and/or low level contarmnation and not site-related activities and as such may be false
posmves due to the inaccuracy at the MDL.

Many of the validated organochlorme pesticide/PCB field samples were diluted for analysis m
order to prevent target compounds from exceeding the calibration range Surrogates were diluted
out of 50 of these samples and recoveries could not be determined

¯ Sp~ke recoveries and duphcate sample results ln&cate that the specific sample matrix did not
s~gmficantly interfere with the analyucal process for target parameters.

The project objecuves or PARCCs were met, and the data can be used m the project decision-making
process as quahfied by the data quahty evaluation process.
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Analytes Detected in Field and Laboratory Blanks

Memphis Depot Matn Installatton Rl

Sample Lab

Sample ID I Matrix Type Method Parameter Result Qual Units

ER1 WQ EB BW6010 ~,LUMINUM 113 TR pG/L

FB1 WQ FB SW6010 t~LUMINUM 82 5 TR ~G/L

FB2 WQ FB SW6010 ALUMINUM 156 TR pG/L

AAO026 WQ EB SW6010 ANTIMONY 56 TR pG/L

FB2 WQ FB SW6010 ANTIMONY 53 TR pG/L

QCMC165PBS~P SQ LB SW6010 ANTIMONY 0 467 TR MG/KG

PBS-P SQ LB SW6010 ARSENIC -0 407 TR MG/KG

PBS-P SQ LB SW6010 ARSENIC -0 407 TR MG/KG

PBS-P SQ LB SW6010 ! ARSENIC -0 407 TR MG/KG

ER1 WQ EB SW6010 i BARIUM 11 TR pG/L

AA0026 WQ EB SW6010 BARIUM 038 TR FG/L

FB1 WO FB SW6010 BARIUM 11 TR pG/L

FB2 WQ FB SW6010 BARIUM 0 24 TR pG/L

QCMC168PBS-P SQ LB SW601O BARIUM 0 036 TR MG/KG

QCMC181PBS-P SQ LB SW6010 BARIUM 0 076 TR MG/KG

PBS-P SQ LB SW6010 BARIUM 0 024 TR MG/KG

PBS~P SQ LB SW6010 BARIUM 0 024 TR MG/KG

PBS-P SQ LB SW6010 BARIUM 0 024 TR MGIKG

QCMC168PBS~P SQ LB SW6010 BERYLLIUM -0 099 TR MG/KG

QCMC181PBS-P SQ LB SW6010 BERYLLIUM -0 099 TR MG/KG

PBS-P SQ LB SW6010 BERYLLIUM 0015 TR MG/KG

PBS-P SQ LB SW6010 BERYLLIUM 0015 TR MG/KG

PBS-P SQ LB SW6010 BERYLLIUM 0015 TR MG/KG

QCMC181PBW-P WQ LB SW6010 BERYLLIUM -0 89 TR pG/L

PBS-P SO LB SW6010 ?.ADMIUM 0 018 TR MG/KG

PBS~P SQ LB SW6OlO CADMIUM 0018 TR MG/KG

PBS-P SQ LB SW6010 CADMIUM 0018 TR MG/KG

ER1 WQ EB SW6010 CALCIUM 864 TR pG/L

FB1 WQ FB SW6010 CALCIUM 805 TR pG/L

QCMC181PBS~P SQ LB SW6010 CALCIUM 11 028 TR MG/KG

PBS-P SO LB SW6OLO CALCIUM 6 031 TR MG~G

PBS-P SQ LB SW6Ol0 CALCIUM 6 031 TR MG/KG

PBS~P SQ LB i sw6ol0 CALCIUM 6 031 TR MG/KG

OCMC181PBW~P WQ LB SWT010 CALCIUM 117 41 TR pG/]_

AA0026 WQ EB SW6010 CHROMIUM, TOTAL 0 39 TR pG/L

FB2 WQ FB SW6010 CHROMIUM, TOTAL 051 TR pG/1_

PBS~P SQ LB SW6010 COBALT -0 05 TR MG/KG

PBS~P SO LB SW6010 COBALT -0 O5 TR MG/KG

PBS~P SQ LB SW6010 COBALT -0 05 TR ’ MG/KG

ER1 WQ EB SW6010 COPPER 45 TR pG/L

FB1 WQ FB SW6010 COPPER 39 TR pG/L

PBS~P SQ LB SW5010 COPPER 0 391 TR MGJKG

PBS-P SQ LB SW6010 COPPER 0 391 TR MG/KG

PBS~P SQ LB SW6010 COPPER 0 391 TR MG/KG

OCMC181PBW-P WQ LB SW6010 COPPER 3 24 TR IJG/L

ER1 WQ EB SW601O ilRON 60 4 TR ]JG/L

FB1 WQ FB SW6010 RON 47 8 TR pG/L

QCMC181PBS~P SQ LB SW6010 RON 0 837 TR MG~G

PBS-P SQ LB SW6010 RON -0 424 TR MG~G

PBS-P SQ LB SW6010 RON -0 424 TR MG/KG

PBS~P SQ LB SW6010 IRON -0 424 TR MG/KG

OCMC181PBW~P WQ LB SW6010 IRON 3 02 TR pG/L

ER1 WQ EB SW6010 MAGNESIUM 30 6 TR pG/L

FB1 WQ FB SW6010 MAGNESIUM 182 TR pGA-

QCMC181PBS~P SQ LB SW6010 MAGNESIUM 2 47 TR MG/KG

PBS~P SQ LB SW6010 MAGNESIUM i 231 TR MG/KG

PBS-P SQ LB SW6010 MAGNESIUM 1 231 TR MG/KG

PBS-P SQ LB SW6010 MAGNESIUM 1 231 TR MG/KG

ER1 WO EB SW6010 MANGANESE 15 TR pG/L

FB1 WQ FB SW6010 MANGANESE 0 82 TR pGr,-

QCMC168PBS-P SQ LB SW6010 MANGANESE -0 038 TR MG/KG

OCMC181PBS~P SQ LB SW6010 MANGANESE 0 089 TR MG/KG

PBS~P SQ LB SW6010 MANGANESE -O 015 TR MG/KG

PBS-P SQ LB SW6010 MANGANESE o0 015 TR MG/KG

PBS-P SQ LB SW6Ol0 MANGANESE -0 015 TR MG/KE

QCMC181PBW~P WQ LB SW6010 MANGANESE 0 59 TR pG/L

PBS-P SQ LB SW6010 NICKEL -0 037 TR MG/KE

PBS-P SQ LB SW6010 NICKEL -0 037 TR MG/KE

PBS-P SQ LB SW6010 NICKEL -0 037 TR MG/KE

FB2 WQ FB SW6010 POTASSIUM 291 TR FG/L

PBS~P SQ LB SW6010 SILVER -0 117 TR MG/KE
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TABLE C.1-2a

AnaIytes Detected in Field and Laboratory Blanks
4 8 8 J l 7

Memphis Depot Main/nsta//atlon RI

PBS-P EQ LB SW6010 SILVER -0 117 TR MG/KG
PBS-P SQ LB SW9Ol0 SILVER -0 117 TR MG/KG

ER1 WO EB SW9Ol0 SODIUM 1460 TR pG/L
FB1 WQ FS SW9Ol0 SODIUM 1360 TR pG/L
FB2 WQ FB SW6010 SODIUM 135 TR pG/L

QCMC181PBS-P SQ LB SW6Ol0 SODIUM 17 5921 TR MG/KG
PBS~P SQ LB SW6010 SODIUM 64 424 TR MG]KG
PSS-P SQ LB SW6010 SODIUM 64 424
PBS-P SQ LB SW6010 SODIUM 64 424 I

TR MG/KG

TR MGEKG
QCMC181PBW-P WQ LS SW6010 SODIUM 332 2 TR pG/L

ER1 WO ES SW9Ol0 THALLIUM 24 TR pG/L
PBS~P SQ LB SW6010 THALLIUM -0 908 TR MG/KG
PBS-P SQ LB SW6010 THALLIUM -0 908 TR MG/KG
PBS-P SQ LB SW6OlO THALLIUM -0 9O8 TR MG/KG

ERI WQ EB SW6010 ZINC 4 TR pG/L
AAO026 WQ EB SW6010 ZINC 38 TR pG/L

FB1 WQ FB SW6010 ZINC 32 TR pG/L
FB2 WQ F8 SW6010 ZINC 42 TR pG/L

QCMC168PSS~P SQ LB SW6010 ZINC 0 471 TR MG/KG
QCMC181PBS~P SQ LB SW9Ol0 ZINC 0 295 TR MG/KG

PBS~P SQ LB SW6010 ZINC 019 TR MG/KG

PBS-P SQ LB SW6010 ZINC 019 TR MG/KG
PBS~P SO LB SW6010 ZINC 019 TR MG/KG

QCMC181PBW~P WQ LB SW9Ol0 ZINC 3 04 TR pG/L
ER1 WQ EB SW7470 MERCURY 0 03 TR pG/L
FB2 WQ FB SW7471 MERCURY 0 02 TR pG/L

QCMC168PBS~CV SQ LB SW7471 MERCURY -0 021 TR MG/KG
Y11056B2 SQ LB SW8260 2-HEXANONE 5 J FG/KG

AA0026 WQ EB SW829O ACETONE 14 I~G/L
FB2 WQ FB SW8260 ACETONE 26 = pG/L

Y10266B2 SQ LB SW829O ACETONE 5 J pG/KG

QCMC181VBLK8C SQ LS SW8260 ACETONE 8 J pG/KG
Y10286B1 SQ LB SW829O ACETONE 8 J pG/KG
Y10256B1 SQ LB SW829O ACETONE 12 = pG/KG
Y10266B2 SQ LB SW829O ACETONE 5 J pG/KG
Y10286B1 SQ LB SWB260 ACETONE 8 J pG/KG
Y11046B2 SQ LS SW829O ACETONE 6 J pG/KG

Y11046B2 SQ LS SW829O ACETONE 6 J pG/KG

Yl1056B2 SQ LB SW8260 ACETONE 10 = pG/KG

VBLKTS SQ LB SW8260 ACETONE 2 J pG/KG
VBLKTU SQ LB SW8260 ACETONE 4 J pG/KG

TB1 WQ TB SW829O ACETONE 10 pG/L
TB4 WQ TB SW829O ACETONE 10 = pG/L

TB6 WQ TB SW829O ACETONE 9 J pG/L
AA0026 WQ EB SW8260 METHYL ETHYL KETONE (2*BUTANONE) 3 J pG/I_

FB2 WQ FB SW829O METHYL ETHYL KETONE {2-BUTANONE) 4 J pG/L
Y10256B2 SQ LB SW8260 METHYLENE CHLORIDE 1 J pG/KG

Y10266B2 SQ LB :SW8260 METHYLENE CHLORIDE 2 J pG/KG

Y10256S2 SQ LB SW8260 METHYLENE CHLORIDE 1 J pG/KG

QCMCI68VBLK84 SQ LB SW8260 METHYLENE CHLORIDE 1 J pG/KG
Y10266B2 SQ LS SW829O METHYLENE CHLORIDE 2 J pG/KG

Y11016B2 SQ LB SW8260 METHYLENE CHLORIDE 1 J pG/KG

Y11016B2 SQ LS SW8260 METHYLENE CHLORIDE 1 J pG/KG

Sl1076B1 SQ LB SW8270 BENZYLBUTYLPHTHALATE 53 J pG/KG

S10216B1 SQ LB SW8270 bls(2-ETHYLHEXYL) PHTHALATE 120 J pG/KG

QCMC168SSLKLV SQ LB SW8270 bis(2-ETHYLHEXYL) PHTHALATE 160 J pG/KG

$11076B1 SQ LB SW8270 blS(2-ETHYLHEXYL) PHTHALATE 160 J pG/KG

S10216B1 SQ LB SW8270 bls(2-ETHYLHEXYL) PHTHALATE 120 J pG/KG

SBLKEJ SQ LB SW8270 bls(2-ETHYLHEXYL) PHTHALATE 53 J pG/KG

AAO026 WQ EB SW8270 DIETHYL PHTHALATE 2 J IJG/L.

FB2 WQ FB SWB270 DIETHYL PHTHALATE 5 J pG/L

FB2 WQ FB SW8270 DIm-BUTYL PHTHALATE 1 J }~G/L

QCMC181SBLKLW SQ LB SW8270 DImoBUTYL PHTHALATE 160 J pG/KG

$10216B2 SQ LB SW8270 DI-n-BUTYL PHTHALATE 150 J pG/KG

$10226B1 SQ LB SW8270 DIm-BUTYL PHTHALATE 91 J pG/KG

$11076B1 SQ LB SW8270 DIm-BUTYL PHTHALATE 610 = pG/KG

$10286B1 SQ LB SW8270 DIm-BUTYL PHTHALATE 120 J pGPKG

S10286B2 SQ LB SW8270 DIm-BUTYL PHTHALATE B9 J HGfKG

SBLKEJ SQ LB SW8270 DIm-BUTYL PHTHALATE 95 J FG/KG

SBLKFC SQ LB SW8270 DIm-BUTYL PHTHALATE 51 J pG/KG

AA0026 WQ EB SW8270 PHENOL 2 J MG/L
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TABLE C.1-2b

Frequency of Detects =n Samples

Mernphzs Depot Ma~n Installation RI

Number Number Minimum Maximum

Method Matrix Parameter Analyzed Detected Detected Detected Units

E418 1 SB PETROLEUM HYDROCARBONS 7 3 32 198 MG/KG

E418 1 SE PETROLEUM HYDROCARBONS 3 3 1410 598O MG/KG

E418 1 SS PETROLEUM HYDROCARBONS 7 6 26 3 1570 MG/KG

SW6010 SB ALUMINUM 53 53 1800 19500 MG/KG

SW6010 SE ALUMINUM 3 3 3270 8210 MG/KG

SW6010 SS ALUMINUM 34 34 1950 15900 MG/KG

SW6010 SE ANTIMONY 3 3 28 4 1210 MG/KG

SW6OlO SS ANTIMONY 34 10 O 48 48 MG/KG

SW6010 SB ARSENIC 53 53 19 127 MG/KG

SW6010 SB ARSENIC 3 2 53 59 MG/KG

SW6010 SS ARSENIC 34 32 22 5O 5 MG/KG

SW6010 SB BARIUM 53 53 67 176 MG/KG

SW6010 SE BARIUM 3 3 1120 365O MG/KG

SW6010 SS BARIUM 34 34 93 239 MG/KG

SW6010 SB 3ERYLLIUM 53 52 0 33 O 85 MG/KG

SW6Ol0 SE BERYLLIUM 3 1 0 33 0 33 MG/KG

SW6010 SS BERYLLIUM 34 29 0 O2 0 73 MG/KG

SW6010 SB CADMIUM 53 13 0 26 0 34 MG/KG

SW6OlO SE 3ADMIUM 3 3 27 2 84 3 MG/KG

SW6010 SS CADMIUM 34 23 O2 6 MG/KG

SW6010 SB CALCIUM 53 52 691 10900 MG/KG

SW6010 SE CALCIUM 3 3 15900 79100 MG/KG

SW6010 BS CALCIUM 34 33 479 104000 MG/KG

SW5010 SB CHROMIUM, TOTAL 53 53 18 48 3 MG/KG

SW6010 SE CHROMIUM, TOTAL 3 3 158 1700 MG/KG

SW6010 SS CHROMIUM, TOTAL 34 34 55 60 9 MG/KG

SW6010 SB 3OBALT 53 53 11 17 MG/KG

SW6Ol0 SE 3OBALT 3 3 44 4 90 9 MG/KG

SW6010 SS 3OBALT 34 34 11 107 MG/KG

SW6010 SB COPPER 53 53 3 20 8 MG/KG

SW6010 SE COPPER 3 3 153 14200 MG/KG

SW6010 SS COPPER 34 33 29 55 8 MG/KG

SW6010 SB IRON 53 53 3450 24800 MG/KG

SW6010 SE IRON 3 3 24700 133000 MG/KG

SW6010 SS ~RON 34 34 4870 23000 MG/KG

SW601O SB LEAD 53 53 46 21 8 MG/KG

SW6010 SE LEAD 3 3 3110 3820 MG/KG

SW6010 SS LEAD 34 33 28 372 MG/KG

SW601O SB MAGNESIUM 53 53 816 84200 MG/KG

SW6010 SE MAGNESIUM 3 3 1590 17000 MG/KG

SW6010 SS MAGNESIUM 34 34 122 588O MG/KG

SW8010 SB MANGANESE 53 53 165 2260 MG/KG

SW6Ol0 SE MANGANESE 3 3 224 739 MG/KG

SW6010 SS MANGANESE 34 34 34 3 970 MG/KG

SW6010 SB NICKEL 53 53 33 22 5 MG/KG

SW6010 SE NICKEL 3 3 298 139 MG/KG

SW6010 SS NICKEL 34 34 23 21 1 MG/KG

SW6010 SB POTASSIUM 53 47 625 3710 MG/KG

SW6010 SE POTASSIUM 3 3 173 1400 MG/KG

SW6010 SS POTASSIUM 34 33 88 7 3360 MG/KG

SW5010 SB SELENIUM 53 1 13 13 MGZKG

SW6010 SE ;ELENIUM 3 2 49 9 182 MG/KG

SW6010 SS SELENIUM 34 13 0 42 112 MG/KG

SW601O SE SILVER 3 1 49 49 MG/KG

SW6010 SS SILVER 34 2 0 25 O6 MG/KG

SW6010 SE ~ODIUM 3 3 8O4 1750 MG/KG

SW6010 SB THALLIUM 53 1 0 23 0 23 MG/KG

SW6010 SE THALLIUM 3 1 21 21 MG/KG

SW6010 SB VANADIUM 53 53 51 37 4 MG/KG

SW6010 SE VANADIUM 3 3 01 154 MG/KG

SW6010 SS VANADIUM 34 34 72 37 2 MG/KG

SW6Ol0 SB ZINC 53 53 99 94 5 MG/KG

SW6010 SE ZINC 3 3 2550 5570 MG/KG

SW6010 SS ZINC 34 33 95 263 MG/KG

SW7471 SB MERCURY 53 2 0 37 0 37 MG/KG

SW7471 SE MERCURY 3 2 01 0 67 MG/KG

SW7471 BS MERCURY 34 24 0 02 21 MG/KG

SW8080 SS ALPHA-CHLORDANE 76 10 11 1200 pG/KG

SW8080 SS ODD 76 4 22 46 pG/KG

SW8080 SB DDE 56 1 57 57 FG/KG
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TABLE C 1-2b

Frequency of Detects m Samples

Mernph~s Depot Ma~n Installation RI

Number Number Minimum : Maximum
Method Matdx Parameter Analyzed Detected Detected Detected UNits
SW8O80 SS DDE 76 4O 38 2300 pG/KG
SW8080 SS DDT 76 45 92 3500 pG~G
SW8080 SB DIELDRIN 56 3 16 47 pG/KG
SW8080 SS DIELDRIN 76 55 27 10000 pG/KG
SW8080 SS GAMMA-CHLORDANE 76 10 17 1100 pG/KG
SW8080 SS PCB-1260 (AROCHLOR 1260) 76 2 2300 2900 ~G/KG
SW8260 SB BROMOMETHANE 49 1 2 2 ~GAKG
SW8260 SB CHLOROMETHANE 45 2 1 2 pG/KG
SW9260 SS CHLOROMETHANE 29 1 1 1 pG/KG
SW8260 SS TOLUENE 29 3 1 2 pG/KG
SW8270 SE 2,4-DIMETHYLPHENOL 4 1 16000 16000 pG/KG
SW8270 SE 2-METHYLNAPHTHALENE 4 1 8200 8200 ~JG/KG
SW8270 SE 4*METHYLPHENOL (p-CRESOL) 4 1 5100 5100 pG/KG
SW8270 SE ACENAPHTHENE 4 2 390 560 pGfKG
SW9270 SS ACENAPHTHENE 39 2 130 3100 pG/KG
SW8279 SE ANTHRACENE 4 2 510 1200 pG/KG
SW8270 SS ANTHRACENE 39 4 57 4700 pG/KG
SW9270 SB BENZOIa)ANTHRACENE 54 3 44 74 pG/KG
SW8270 SE BENZO(a)ANTHRACENE 4 3 1200 6500 pG/KG

SW6270 SS BENZO(a)ANTHRACENE 39 12 39 13000 pG/KG
SW8270 SB BENZO(a)PYRENE 54 2 71 8O pG/KG
SW8270 SE BENZO(a)PYRENE 4 3 840 5400 pG/KG
SW8270 SS BENZO(a)PYRENE 39 13 39 12000 pG/KG
SW8270 SB BENZO(b)FLUORANTHENE 54 2 82 88 pG/KG
SW8270 SE BENZO(b)FLUORANTHENE 4 3 1400 8700 pG/KG
SW8270 SS BENZO(b)FLUORANTHENE 39 14 42 12000 pG/KG
SW8270 SB BENZO(9,h J)PERYLENE 54 2 44 100 pG/KG
SW8270 SE 8ENZO(9,h j)PERYLENE 4 2 390 2300 pG4<G

SW8270 SS BENZO(~,h J)PERYLENE 39 9 37 9100 pG/KG

SW8270 SB 8ENZO(k) FLUORANTHENE 54 2 39 81 pG/KG

SW8270 SE BENZO(k)FLUORANTHENE 4 3 1100 8100 pG/KG
SW8270 SS BENZO(k) FLUORANTHENE 39 13 42 11000 pG/KG
SW8270 SB BENZYLBUTYLPHTHALATE 54 1 430 430 pG/KG
SW8270 SS BENZYLBUTYLPHTHALATE 39 3 42 700 pG/KG
SW8270 SB b~s(2-ETHYLHEXYL) PHTHALATE 54 1 180000 180000 pG/KG

SW8270 SE b;s(2-ETHYLHEXYL) PHTHALATE 4 3 7500 13000 pG/KG

SW8270 SE CARBAZOLE 4 2 400 830 pG/KG

SW8270 SS CARBAZOLE 39 4 35 4000 pG/KG
SW8270 SB CHRYSENE 54 5 4O 93 pG/KG
SW8270 SE CHRYSENE 4 3 1600 9800 pG/KG

SW6270 SS CHRYSENE 39 15 43 15000 pG/KG

SW8270 SE DIBENZ(a,h)ANTH RACENE 4 1 860 860 pG/KG

SW8270 SS DIBE NZ(a,h)ANTH RACENE 39 3 83 4000 pG/KG

SW8270 SS DIBENZOFURAN 39 2 56 1200 pG/KG
SW827e SB DIMETHYL PHTHALATE 54 1 180 180 pG/KG
SW8270 SS DI-n-OCTYLPHTHALATE 39 1 120 120 pG/KG

SW8270 SB FLUORANTHENE 54 5 5O lOO pG/KG

SW8270 SE FLUORANTHENE 4 3 2400 9OOO pG/KG
SW8270 SS FLUORANTHENE 39 17 44 33000 pG/KG
SW8270 SE FLUORENE 4 2 600 700 pG/KG

SW8270 SS FLUORENE 39 2 140 2200 pG/KG

SW8270 SB INDENO(1,2,3-c,d)PYRENE 54 1 9O 9O pG/KG

SW8270 SE INDENO(1,2,3-c,d)PYRENE 4 I 2200 2200 pG/KG

SW8270 SS INDENO(1,2,3-c,d)PYRENE 39 7 48 9OO0 pG/KG

SW8270 SE ISOPHORONE 4 1 400 400 pG/KG

SW8270 SE NAPHTHALENE 4 1 5500 5500 pG/KG

SW8270 SS NAPHTHALENE 39 1 1400 1400 pG/KG
SW8270 SB N-NITROSODIPH ENYLAMINE 54 1 140 140 pG/KG

SW8270 SS PENTACHLOROPHENOL 39 1 94 94 pG/KG

SW8270 SB PHENANTHRENE 54 3 49 69 pG/KG

SW8270 SE PHENANTHRENE 4 3 1900 6700 pG/KG

SW8270 SS PHENANTHRENE 39 14 43 23000 pG/KG

SW8270 SE PHENOL 4 1 760 760 pG/KG

SW8270 SB PYRENE 54 5 44 90 pG/KG
SW8270 SE PYRENE 4 3 22OO 9700 pG/KG

SW8270 SS PYRENE 39 16 46 26000 pG/KG
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MEMPHXE DEPOT BRAC DATA QUALITY EVALUATION {DQE)

TABLE C.1.3

Surrogate Recovery Control Limits

Memphis Depot Main Installation RI

Laboratory Soil Range Based on Actual

Surrogate Compound Control Lmuts (%) Sample Recoveries

4-Bromofluorobenzene (VOC) 74 -]41

Dlbromofluoromethane (VOC) 80 -120 82 - 127%

Toluene-d8 (VOC) 81- 117

Tetrachloro-m-xylene (PesdPCB) 43 - 116
70 -130%

Decachloroblphenyl (Pest/PCB) 44 - 128

2-Fluorophenol (SVOC) 25 - 121
Acid

Phenol-d5 (SVOC) 13 - 140%
24 - 113

2,4,6-Tnbromophenol (SVOC) 19 -122
2-Fluoroblphenyl (SVOC) 30 - 115

Base-Neutral
10 - 143%Nltrobenzene-d5 (SVOC) 23 - 120

Terphenyl-d 14 (SVOC) 18 - 137
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MEMPHIS DEPOT BRAC DATA QUALITY EVALUATION (DOE)

TABLE 0.1-4
Inorganic Matrix Spike Recoveries Outside Control Limits
Memphis Depot Main Installatton RI

Sample Matrix Spike Native Conc /
Method ID Parameter Recovery (%) Spike Added
SW6010 AI06 Lead 26 1 14
SW60IO AI06 Manganese 135 3.59
SW6010 A106 Thallium 69 0 O0
SW6010 A106 Zinc 67 3.60
SW6010 AI09 Antimony 61 0.03
SW6010 A109 Manganese 58 216
SW6010 A129 Antimony 59 0.05
SW6010 A129 Arsenic 6? 0 04
SW6010 A129 Lead -38 3.66
SW6010 A129 Selenmm 61 0 O0
SW6010 A129 Thallium 6O O OO
SW6010 A129 Zinc 186 3.81

Note
Bolded values mdmate that the native contamination of the given element was greater
than four tmles the concentration of the spike added The matrix spike recoveries for
these elements are disregarded, because the spike added concentration was masked by
the nanve concentrauon
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MEMPHIS DEPOT I~RAC DATA QUALITY EVALUATION (DQE)

TABLE C.1-5A
Laboratory Duplicate Precision Outside Control Limits
Memphis Depot Mazn Installation RI

Diff of
Sample Sample & Criteria to

ID Parameter Lab Result Lab Dup Result UNITS RPD LD evaluate
A106 Alummum 3690 = 2503.49 = MG/KG i 38.31% i 1186 511 use RPD
AI06 Barium 63.1 40.347 = MG/KG 43 99% 22.753 use RPD
A106 Calcium 104000 64518.64 MG/KG 46.86% 39481.362 use RPD
A129 Calcium 5700 = 10330 45 MG/KG 57.77% 4630 446 use RPD
AI06 Copper 155 24 960 MG/KG 46 76% 9 460 use RPD
A129 Iron 7730 13169 87 MG/KG 52 06% 5439 868 use RPD
AI06 Lead 58.8 25.354 MG/KG 79.49% 33 446 use RPD
A129 Lead 201 124 940 MG/KG 46 67% 76 060 use RPD
AI06 Magnesium 4700 2802.38 MG/KG 50 59% 1897 619 use RPD
AI29 Magnesium 1420 4761 50 MG/KG I 108 11% 3341 498 use RPD
AI06 Manganese 186 124 995 MG/KG 39 23% 61 005 use RPD
A109 Manganese 113 69 907 = MG/KG 47 12% 43 093 use RPD
A129 Nickel 42 TR 8 703 MG/KG 69 80% 4.5031 use RPD
AI06 Sodium 091 TR 93.668 TR MG/KG 196 15% 92 758 use +/-
A129 Zinc 212 380 582 = MG/KG 56 90% 168 582 use RPD

TABLE C.1-5B
F=eld Duplicate Prectslon Outside Control Dmds
Memphis Depot Main Installation RI

FD Diff of
Sample Sample Sample FD Sample Criteria to

Method Parameter ID ID Result Result Units RPD & FD evaluate

SW6010 Arsenic A106 DUP9 6.2 J 3.4 J MG/KG 58 33% 28 use RPD

SW6010 Arsenic A97 DUP8 4,1 Jl 59 J MG/KG 36 00% 18 use RPD

SW6010 Barium A106 DUP9 63 1 J 39 3 J MG/KG 46.48% 23 8 use RPD

SW6010 Berylhum A106 DUP9 016 J 011 J MG/KG 37 04% 01 use RPD

SW6010 Berylhum A97 DUP8 0 29 J 051 J MG/KG 55 00% O2 use RPD

SW6010 Calcium A129 DUPll 5700 J 8940 J MG/KG 44 26% 3240 0 use RPD

SW6010 Calcium A97 DUP8 19000 J 65000 J MG/KG i09.52% 46000.0 use RPD

SW6010 Magnesium A129 DUPll 1420 J 3910 J MG/KG 93 43% 2490.0 use RPD

SW6010 Magnesium A97 DUP8 2230 J 5880 J MG/KG 90,01% 3650 0 use RPD

SW6010 Manganese A109 DUP3 113 J 64.6 J MG/KG 54 50% 484 use RPD

SW6010 Nickel AI06 DUP9 132 72 = MG/KG 58.82% 6.0 use RPD

SW6010 Nickel A109 DUP3 5 34 J MG/KG 38 10% 16 use RPD

SW6010 Zinc A97 DUP8 42 J 64.2 J MG/KG 41.81% 22 2 use RPD

SW8080 DDT A23 DUP4 81 J 25O = UG/KG 102.11% 169.0 use +/-

SW8080 Dieldrin A36 DUPI 56O0 J 1800 J UG/KG 102.70% 3800 0 use +/-
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Data Quality Evaluation (DQE) Report
DDMT Screening Sites Project

488 153

Introduction

Surface and groundwater, soil and sediment samples and the corresponding QC samples
were collected and submitted to the analytical laboratory for analysis of the following
parameters:

¯ Volatile organic compounds (VOCs) by SW-846 method 8260A
¯ Semivolatile organic compounds (SVOCs) by SW-846 method 8270B

¯ Pesticides and polychlormated biphenyl (PCBs) by SW-846 method 8081
¯ HerblcldesbySW-846 method 8151

¯ Polynuclear aromatic hydrocarbons (PAHs) by SW-846 method 8100
¯ Phenols by SW-846 method 8040
¯ Dioxins and Furans by SW-846 method 8280

¯ Metals by SW-846 methods 6010 and 7000 series
¯ pH by EPA method 150.1 (water) and SW-846 method 9045 (solids)

¯ Fluoride by EPA method 340.2

Field QC included duplicate field samples, trip blanks (analyzed for VOCs only), and
equipment rinsate blanks, and field blanks.

The samples were submitted to the laboratory in 51 groups; therefore, there are 51 sample
dehvery groups (SDGs). All the samples were analyzed using SW-846 methods; however,
the laboratory provided EPA Level 2 QC data packages for 23 of the SDGs and EPA Level 3
QC data packages for 28 of the SDGs. EPA Level 2 data packages included the sample
results and corresponding laboratory method blank results; EPA Level 3 data packages also
included a summary of the QC data (for example, cahbrat]on and spiked sample results).

The purpose of the data quality evaluation process (DQEP) is to assess the effect of the
overall analytical process on the usability of the data. The two major categories of data
evaluation are laboratory performance and matrix interferences. Evaluation of laboratory
performance Is a straight-forward check of compliance with the method requirements;
either the laboratory did, or did not, analyze the samples within the limits of the analytical
method. Evaluation of matrix interferences is more subtle and revolves the analysis of
several areas of results including surrogate spike recoveries, matrix spike recoveries, and
duphcate sample results.

ATUPROJECTS/147543/APPC-2 DOC C-23



DATA QUALITY EVALUATION (DQE) REPORT

DQE for the Screening Sites data consisted of the following two principal activities:

¯ Hard copy "validation" of the EPA Level 3 data packages (as a note, ]t is not possible to
"validate" the EPA Level 2 data because there is no QC summary data to evaluate)

¯ Database-wide evaluation of the trends in data quality (for example, trends in surrogate
spike recovery)

It is important to note that "data vahdation" is the assessment of the hard-copy data base
dehverables in terms of method compliance, and "data quahty evaluation" is the qualitative
evaluation of overall trends in the project-specific database. Areas evaluated in the DQE
include the following:

¯ Potential "blank contamination" (i.e. the effect on the usability of data for target
compounds and analytes detected in both the field or laboratory blank samples and the
corresponding field samples)

¯ Laboratory performance (i.e. recovery for spiked blank samples and other laboratory
checks such as calibration and laboratory control samples)

¯ Matrix interferences (i.e. recovery for spiked field samples)

¯ Usability of metals results at, or near, the instrument detect:on hrruts

This DQE technical memorandum (TM) includes the following:

¯ Results of the database-wide DQE queries (summary tables are included at the end of
this report)

¯ Assessment of the overall usability of the data to support the project decision-making
process

The focus of the hard-copy data validahon was to review each of the QC summary sheets,
note nonconformances on the DV worksheets, qualify the data as appropriate, and
summarize the results of this review. These completed worksheets are included in the
project file and are available upon request

Data Evaluation Criteria

Before the analytical results were released by the laboratory, both the sample and QC data
were carefully rev:ewed to verify sample identity, instrument calibration, detection limits,
dflut:on factors, numerical computations, accuracy of transcriptions, and chemical
mterpretahons. Additionally, the QC data were reduced and the resulting data were
rev:ewed to ascertain whether they were within the laboratory-defined limits for accuracy
and precision. Any non-conforming data were discussed in the data package cover letter
and case narrative.

The EPA Level 3 QC data packages were reviewed by the project chemists using the method
acceptance criteria and the process outlined m the EPA Functional Guidelines. Samples that
were not within the acceptance limits were annotated with a qualifying flag, which consists
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of a single or multi-letter abbreviation that indicates a QC nonconformance associated with
that analytical result. Although the qualifying flags originate during the data review and
validation process, they are included in the data summary tables so that the data will not be
used indiscriminately. The following flags were used in the DQEP:

TABLE C.2-1
Data Qualification Flags
Mernphls Depot Math Installation RI

Qualifier Description
J Estimated. The analyte was present, but the reported value

may net be accurate or precise.
U Undetected. Analyte was analyzed for but not detected

above the method detection limit
R Rejected. The data are unusable. (Analyte/compound may

or may not be present )
UJ Undetected but the reporting hm=t ~s estimated

Once the data review and validation process for the EPA Level 3 QC data was completed,
the enhre data set was reviewed for target compound/analyte frequency of detection,
dilution factors that might affect data usability, and patterns of target compound/analyte
distribution. The data set was also evaluated to identify potenhal data limitations,
uncertainties, or both in the analytical results.

Potential Field Sampling and Laboratory Contamination

Types of QC Blank Samples

Three types of field blank samples were used to monitor potential contamination introduced
dunng field sampling and sample handling activities.

Trip Blank (TB)(VOCs only). A sample of ASTM Type II water was prepared by 
laboratory and it accompanied the sample coolers from the field to the lab. This blank
momtors potential contamination Introduced during sample handhng and shipping
For this prolect, one trip blank was submitted with each cooler containing samples for
VOC analysis. A total of 14 TBs were submitted to the laboratory for this field effort.

Equipment Rinsate Blank (ERB): Consists of a sample of the ASTM Type II water used
as the final rinse during equipment decontamination. This blank sample is collected by
rinsing a piece of equipment after decontarmnahon is completed and is analyzed for the
same analytical parameters as the corresponding samples. This blank monitors potenhal
contan’unation caused by incomplete equipment decontamination

Field Blank (FB): Consists of a sample of the source water used to decontaminate the
held sampling equipment and at least one FB was collected from each source of water.
Typically there are 2 types of FBs: one a sample of the tap water used to steam-clean the
equipment and a second sample of the ASTM Type II water used for the final equipment
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rinse. FBs are analyzed for the same parameters as the corresponding samples. Two FBs
were submitted to the laboratory for flus field effort.

Laboratory method blanks (LBs) were also analyzed with each analytical batch. For water
samples, a laboratory method blank is ASTM Type II water that is treated as a sample in
that it undergoes the same analytical process as the corresponding field samples For soil
samples, the laboratory method blank may consist of a sample of EPA-approved soil
(Ottawa desert sand). Method blanks are used to monitor laboratory performance and
potential contamination introduced during the analytical process. One method blank was
arialyzed for every 20 samples, or one per analytical batch, whichever was more frequent.

Evaluation of QC Blank Results

Summarized in Table C 2-2 are the frequency of detection, and the minimum and maximum
concentration for target compounds. Also included in Table C.2-2 are the frequency of
detection, and minimum and maximum concentration for target compounds that were also
detected in the field samples. For example, methylene chloride is included in Table C.2-2
because it was detected in the field and laboratory blank samples as well the field samples.
However, phenanthrene was detected in selected field samples and not any of the field or
laboratory blanks; therefore, phenanthrene is not included in this table.

According to the EPA Guidance Manual, Functional Gmdehnesfor Evaluatmg Data, field
sample results that were tess than five (ten for common contaminants) times the
concentration in the corresponding blank sample can be qualified as "U" for not detected.
No qualifiers are applied to the blank sample results.

Acetone was detected m one of the 14 trip blanks (11 ug/L) and 6 of the 86 laboratory
blanks at concentrations ranging from 13 to 15 ug/kg Acetone is used as an extraction
solvent in the laboratory and is a common contaminant. Acetone was detected in the
held samples at frequencles and concentrations comparable to the field and laboratory
blank samples. Therefore, acetone should be attributed to laboratory contarmnatlon and
not environmental conditions.

Bls(2-ethylhexyl)phthalate was detected m 4 of the 42 laboratory soil blanks 
concentrations ranging from 360 to 660 ug/kg. Phthalates are commonly used as
plasticizers and are field sampling and laboratory contaminants. Bis(2-
ethylhexyl)phthalate was detected in the field samples at frequencies and
concentrations comparable to the laboratory blank samples. Therefore, bis(2-
ethylhexyl)phthalate should be attributed to laboratory contamination and not
environmental conditions.

The samples were analyzed for dioxins and furans using EPA method SW-846/8290
which is a sensitive method with low method detection and reporting limits.
Concentrations of dioxins and furans were detected in the field and laboratory blank
samples as well as the field samples. Dioxins and furans are not considered to be
common field samphng or laboratory contaminants; therefore, the 5X rule is used to
evaluate the environmental sample results Low concentrations of dloxins and furans
can be attributed to background or instrument noise and are not indicative of
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environmental conditions. Concentrations of dioxins and furans greater than 5X the
concentration in the corresponding field and laboratory blank samples are
representative of environmental conditions

Concentrations of metals near the instrument detection limit (IDL) and less than the
project-specific reportmg hmits were detected in some of the QC blank samples. These
results are typically indicative of instrument background and not field sampling or
laboratory contamination. Negative numbers were reported by the laboratory for
selected blank and field sample results Negatwe numbers associated with atomic
spectroscopy methods of analysis results from one of, or a combination of two, possible
situations:

Instrument noise: Variation in signal intensity is the primary_ reason that negative
numbers are reported. Any calibration curve associated with atormc spectroscopy
utihzes a calibration blank. "Blank" is assigned a "zero concentration" when the
cahbratmn curve is computed. Because "blank" does not have an analyte signal,
instrument noise, slight variations in detection devices, stray light, or background
corrections can ehcit a quantitative response different from the "blank". These
responses can and often are, slightly negative absorbencies or ermssion intenslties,
which when compared to the curve, yield negative concentrations The absolute value
of these negative concentrations are compared to the instrument (IDL) or method
detection lirmt (MDL); both the IDL and MDL are calculated rather than demonstrated
values and hence have an inherent inaccuracy. If the absolute value of the negative
sample result is greater than these reporting limits, then the negative value is reported.

Calibration Blank Contamination: Any contan~unant present in the blank during
calibration will artificially set "zero" at the contarrunant concentration. Any samples
analyzed after the calibration blank wl’uch contain less contamination than the
calibration blank will result in a negative value as the sample result. This is not a
common situation and occurs mostly with zinc and copper, two ubiquitous
contaminants.

QC Measures

Surrogate Spike Recoveries

Surrogate spike compounds were added to every sample analyzed for the orgamc
parameters Including field and laboratory blanks as well as field environmental samples.
Surrogate spike compounds are the structural homologs of target compounds and are
therefore expected to behave in a similar manner during analysis. Surrogate spike
recoveries were used to monitor both laboratory performance and matrix interferences.
Surrogate spike recoveries from field and laboratory blanks were used to evaluate
laboratory performance because the field blanks represent an "ideal" sample matrix.
Surrogate spike recoveries for field samples were used to evaluate the potential for matrix
interferences. There are no graphs for dioxins and furans because no surrogate compounds
were added to the sample. Internal standards are used in place of surrogate spike
compounds.
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TABLE C.2-5

Duplicate Field Sample Results Summary

Memphis Depot Mare/nsta//ahon RI

Sample

Matrix Method # Sample ~D Parameter Native Result Duplicate Result Units RPD

SB SW6010 RHA007 ARSENIC 84 81 mg/k9 4%

SB SW6010 RHA007 CHROMIUM, TOTAL 24 7 114 m,~,q 74%

SB SW6010 RHA007 COPPER 164 163 m~k~ 1%

SB SW6010 RHA007 LEAD 91 84 mg/kg 8%

SB SW6010 RHA007 NICKEL 181 174 m,q/k,q 4%

SB SW6010 RHA007 ZINC 50 4 49 1 mg,’k9
3%

SB SW6010 RHA009 ARSENIC 78 77 m,~,q 1%

SB SW6010 RHAO09 CHROMIUM, TOTAL 246 268 m~/k~ 9%

SB SW6010 RHA009 COPPER 17 152 mg/k,q 11%

SB SW6010 RHA009 LEAD 87 83 m9~9 5%

SB SW6010 RHA009 NICKEL 177 17 m,9/k,q 4%

SB SW6010 RHA009 ZINC 43 4 416 mg/k9 4%

SS SW8100 RHAO20 BENZO(9,hJ)PERYLENE 73 100 p,~k9 31%

SS SW8100 RHA020 FLUORANTHENE 100 24O p~kg 82%

SS SW8100 RHA020 INDENO(1,2,3oc,d)PYRENE 88 120 31%

SS swe100 RHA020 PHENANTHRENE 89 160 ~kg 57%

SS SW8100 RHA020 PYRENE 76 170 76%

SS SWBO80 RHA020 DOT 77 3O 88%

SS SW8080 RHA020 DIELDRIN 62 5O p~k,g 21%

SS SW6010 RHA020 ARSENIC 17 1 156 m~/k9 9%

SS SW6010 RHA020 CADMIUM 2 13 mfl/k9
42%

SS SW6010 RHA020 CHROMIUM, TOTAL 336 164 mg/k,9 69%

SS SW6010 RHA020 COPPER 48 9 67 9 m q/k~ 33%

SS SW6010 RHA020 LEAD 1580 563 mg/kg 95%

SS SW6010 RHA020 NICKEL 164 32 m,~/k,9 64%

SS SW6010 RHA020 ZINC 693 369 61%m,~,~

SB SW8260 RHA030 ACETONE 16 32 p,~k,q 67%

SB SW6010 RHA030 ARSENIC 108 9 mg/k,q 18%

SB SW6010 RHA030 CHROMIUM, TOTAL 128 27 4 mg/kg 73%

SB SW6010 RHA030 COPPER 188 165 mgf*g 13%

SB SW6010 RHA030 LEAD 135 111 mgA9 20%

$8 SW6010 RHA03O NICKEL 177 168 m~/k~ 5%

SS swe010 RHA030 Z;NC 60 8 55 3 m~]k~ 9%

SS SW8100 RHA039 ANTHRACENE 320 220 p~k9 37%

SS SW8100 RHA039 BENZOta)ANTHRACENE 850 760 p,~k,9 11%

SS SW8100 RHA039 BENZO(a)PYRENE 730 710 pq]kq 3%

SS SW8100 RHA039 BENZOIb)FLUORANTHENE 660 7O0 p,9/k,9 6%

SS SW8100 RHA039 B ENZO(,q,h,I)PERYLEN 400 520 p,9/k,g 6%

SS SW8100 RHA039 BENZO(k)FLUORANTHENE 680 72O p~ik9 6%

SS SW8100 RHA039 CHRYSENE 760 710 p,g/k,(] 7%

SS SW8100 RHA03g FLUORANTHENE 1800 1500 p~k9 18%

SS SW8100 RHA03g FLUORENE 300 260 14%

SS SW8100 RHA039 INDENO(I,2,3*c,d)PYRENE 730 740 p~k9 1%

SS swe100 RHA039 PHENANTHRENE 1200 930 p,~k~ 25%

SS SW8100 RHA039 PYRENE 1300 1200 pg/k~ 8%

SS SW6010 RHA039 ARSENIC 109 113 m q/k,~ 4%

SS SW6010 RHA039 CHROMIUM, TOTAL 51 3 772 mg/k£
4O%

$S SW6010 RHA039 COPPER 27 9 27 3%

SS SW6010 RHA039 LEAD 340 505 m~,’k9
39%

SS SW6010 RHA039 NICKEL 163 163 m,q/k,~ O%

SS SW6010 RHAO39 ZINC 182 205 m~/k~ 12%

SS SW8080 RHA045 DDT 30O 390 26%

SS SW8080 RHA056 ODE 62O 52O p~k~ 18%

SS SW8080 RHA056 DDT 1800 1700 p,~k9 6%

SS SW8100 RHA067 FLUORANTHENE 8O 81 p,9/kfl I%
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TABLE C.2-5

Duplicate Field Sample Results Summary

Memphis Depot Mare Installation RI

I Sample

Matrix Method # Sample ID Parameter Native Result Duplicate Result Umts RPD
SS SW8100 RHA067 PNENANTHRENE 76 79 IJ~Jk8 4%
SS SW8100 RHA067 PYRENE 04 72 p~k,q 12%
SS SWB080 RHA067 ALPHA-CHLORDANE 18 71 p~kg 71%
SS SW8080 RHA067 DDE 36 24 p~k0 40%
SS SWB080 RHA067 DDT 85 42 p.~kq 68%
SS sWa0B0 RHAO67 GAMMA-CHLORDANE 15 74 p.g/kg 68%

SB SW6010 RHAO76 ARSENIC 86 89 mg/kg 3%
SB SW6OlO RHAO76 CHROMIUM, TOTAL 117 118 1%m,~
SB SW6010 RHA078 COPPER 162 165 m,q,’k,q 2%
SB SW6OIO RHA078 LEAD 93 96 mg/k,q 3%
SB SW6010 RHA076 NICKEL 173 17 mg/kg 2%
SB SW601B RHA076 ZINC 51 52 5 m,q/k9 3%

SB SW6010 RHAO82 ARSENIC 98 11 mg/k9 12%
SB SW601B RHAO82 CHROMIUM, TOTAL 102 119 mg,’k~ 15%
SB SW6010 RHA082 COPPER 166 185 m,q~:,q 11%
SB SW601o RHAOB2 LEAD 11 131 mg/k,q 17%

SB SW6010 RHA082 NICKEL 18 198 mg/k,q 10%
SB SW6010 RHA082 ZINC 55 2 59 5 mg,’k£

7%

SB SW8280 RHA092 ACETONE 17 17 p~Vk£ O%
SB SW8080 RHA092 ODE 56 11 p~/k9 68%
SB SW8080 RHA092 DDT 15 31 p,q/kq 70%
SB SW6010 RHA0g2 ANTIMONY 1 12 m~/k~ 18%
SB SW6010 RHA092 ARSENIC 69 85 m~k~ 21%
SB SW6010 RHAO92 CHROMIUM, TOTAL 13 14 m~/k9 7%
SB SW6010 RHA092 COPPER 158 171 mg/k9 8%
SB SW6010 RHA0e2 LEAD 85 94 m£/k,~ lO%
SB SW6010 RHA092 NICKEL 18 186 m,~,q 3%

SB SW6010 RHA092 ZINC 44 9 536 mg/kg 18%

WS SW7470 RHA102 MERCURY 0 06 0 04 40%
WS SW6010 RHA102 ALUMINUM 147 812 IJ~/L 58%
WS SW6OlO RHA102 BARIUM 58 5 p~L 15%

WS SW6010 RHA102 CADMIUM 038 0 22 IJ~/L 53%
WS SWB01O RHA102 CALCIUM 249O 2440 p.~L 2%
WS SW601O RHA102 CHROMIUM, TOTAL 12 14 p~L 15%
WS SW6B10 RHA102 COBALT 11 0 84 IJ.q/L 27%
WS SW6OlO RHA1O2 COPPER 44 34 p.9/L 26%
WS SW6OlO RHA102 IRON 3O6 245 IJ~L 22%
WS SW6B10 RHA102 LEAD 52 26 p~/L 67%
WS SW6OlO RHA102 MAGNESIUM 286 271 V.qJL 5%
WS SW601O RHA102 MANGANESE 167 146 13%
WS SW6OlO RHA1O2 SODIUM 456 483 ,9/L 6%
WS SW6010 RHA1B2 THALLIUM 22 13 p~L 51%
WS SW6OlO RHA102 VANADIUM 1 076 IJ~L 27%

WS SW6OlO RHA102 ZINC 34 6 312 p~L 10%
WS E415 2 RHA1O2 TOTAL ORGANIC CARBON 23 26 MG/L 12%

ws SW6010 RHA110 ALUMINUM 64 49 8 pg/L 25%

wS SW6010 RHA110 BARIUM 127 121 p~L 5%
WS SWB010 RHA110 CALCIUM 8370 8150 pg/L 3%
WS SW6010 RHA110 CHROMIUM, TOTAL 14 12 15%

WS SW601B RHA110 COBALT O 66 o 86 p~L 26%

WS SW6010 RHA110 COPPER 91 66 IJ.9/L 32%
WS SW6010 RHA110 IRON 417 432 p~L 4%
WB SW6OlO RHA110 MAGNESIUM 158O 1570 1%

WS SW6OlO RHA110 MANGANESE 68 4 69 8 ~.~L 2%
WS SW601O RHA110 NICKEL 33 36 H~L 9%

WS SW601B RHA110 POTASSIUM 2730 2540 p£/L 7%

WS SW60IO RHAllB SELENIUM 14 29 ~L 70%
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TABLE C.2-5

Duplicate Reid Sample Results Summary

Memphzs Depot Main/nsta//atlon R/

Sample
Matrix
WS
WS
WS
WS

SB
SB
SS
SB
SB
SB
SB
SB

SB
SB
SB
SR
SB
SB
SB
SB
SB
SB
SB
SB
SS
SB
SB
SB
SB
SB

SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB

Method # Sample ID
SW601O RHA110
SW6010 RHA110
SW601O RHA110
E415 2 RHAl10

Parameter Native Result Duphcate Result
SODIUM 1080 993

VANADIUM 0 81 0 69
ZINC 61 3 70 2

TOTAL ORGANIC CARBON 5 9 6

SW8O8O RHA154 ALPHA-CHLORDANE
SW8080 RHA154 GAMMA-CHLORDANE
SW6010 RHA154 AR8 ENIC
SW6010 RHA154 CHROMIUM, TOTAL
SW6010 RHAt 54 COPPER
SW6010 RHA154 LEAD
BW6010 RHA154 NICKEL
SW6010 RHA154 ZINC

SW6260 RHA164 ACETONE
SW6Ol0 RHA164 ALUMINUM
BW6010 RHA164 ANTIMONY
SW6010 RHA164 ARSENIC
SW6010 RHA164 BARIUM
SW6010 RHA164

12 16
11 16
93 89
131 117
16 159
94 99
173 18
55 8 51 7

37 30
12200 14300
025 035
89 101
121 159

CADMIUM O 25 0 29
SW601O RHA164 CALCIUM 1500 1410
BW6010 RHA164 CHROMIUM, TOTAL 14 6 15 4
SW6010 RHA164 COBALT 8 1 7 8
SW6010 RHA164 COPPER 16 3 18 6
SW6010 RHA164 IRON 20200 20700
SW6010 RHA164 LEAD 10 11 2
SW6010 RHA164 MAGNESIUM 2370 2590
SW6010 RHA164 MANGANESE 445 504
SW601O RHA164 NICKEL 18 17 5
SW6Ol0 RHA164 POTASSIUM 2530 2650
SW6018 RHA164 VANADIUM 29 1 31 7
SW6010 RHA164 ZINC 52 8 57 4

SW8260 RHA173 ACETONE 18 16
SW601O RHA173 ALUMINUM 12000 10500
SW6010 RHA173 ARSENIC 8 10
SW6010 RHA173 BARIUM 161 181
SW601O RHAI73 BERYLLIUM 0 03 0 09
SW6010 RHA173 CADMIUM 0 26 0 22
SW6010 RHA173 CALCtUM 1370 1170
SW6810 RHA173 CHROMIUM, TOTAL 13 9 12 9

SW6OlO RHA173 COBALT 7 4 8 2
SW6010 RHA173 COPPER 16 7
SW601O RHA173 IRON
SW6010 RHA173 LEAD

167
18300 20300
11 106

SW6OtO RHA173 MAGNESIUM 2530 2480
SW601O RHAI73 MANGANESE 533 684

SW6010 RHA173 NICKEL 17 2 17 9
SW6010 RHA17a POTASSIUM 2468 2280
SW6010 RHA173 SILVER 0 12 0 15
SW601O RHA173 SODIUM 54 7 63 7
SW6010 RHA173 VANADIUM 27 1 24 6
SW6010 RHA173 ZINC 56 1 54 6

RPD

8%
16%
14%
2%

29%
37%
4%
11%
1%
5%
4%
8%

21%
16%
33%
13%
27%
15%
6%
5%
4%
13%
2%
t1%
9%
12%
3%
5%
9%
8%

12%
13%
22%
12%
1(;0%
17%
16%
7%
10%
O%
10%
4%
2%

25%
4%
8%
22%
15%
10%
3%
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Data Quality Evaluation (DQE) Report for the
Defense Depot Memphis, Tennessee, Remedial
Investigation Project

Introduction

Surface and groundwater, soil and sediment samples and the corresponding QC samples
were collected and submitted to the analytical laboratory for analysis of the following
parameters:

¯ Volatile organic compounds (VOCs) by SW-846 method 8260A
¯ Semivolatde organic compounds (SVOCs) by SW-846 method 8270B

¯ Peshcldes and polychlorinated blphenyI (PCBs) by SW-846 method 8081
¯ Herbicides by SW-846 method 8151

¯ Polynuclear aromahc hydrocarbons (PAHs) by SW-846 method 8100

¯ Metals by SW-846 methods 6010 and 7000 series
¯ pH by EPA method 150.1 (water) and SW-846 method 9045 (solids)
¯ Total organic carbon (TOC) by EPA method 415.2
¯ Alkahnityby EPA method 310.1

¯ Cation exchange capacity (CEC) by SW-846 method 9080

Field QC included duplicate field samples, trip blanks (analyzed for VOCs only),
eqmpment rmsate blanks, and field blanks.

The samples were subrrutted to the laboratory in 18 groups; therefore, there are 18 sample
dehvery groups (SDGs). All the samples were analyzed using SW-846 methods, however,
the laboratory provided EPA Level 2 QC data packages for 10 of the SDGs and EPA Level 3
QC data packages for 8 of the SDGs. EPA Level 2 data packages included the sample
results and corresponding laboratory method blank results; EPA Level 3 data packages also
included a summary of the QC data (for example, calibration and spiked sample results).

The purpose of the data quahty evaluation process (DQEP) is to assess the effect of the
overall analytical process on the usability of the data. The two major categories of data
evaluation are laboratory performance and matrix interferences. Evaluation of laboratory
performance is a straight-forward check of comphance with the method requirements;
either the laboratory did, or did not, analyze the samples within the limits of the analytical
method. Evaluation of matrix interferences is more subtle and involves the analysis of
several areas of results including surrogate spike recoveries, matrix spike recoveries, and
duplicate sample results.
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DQE for the Screening Sites data consisted of the following two principal activities’

¯ Hard copy "validation" of the EPA Level 3 data packages (as a note, it is not possible to

"vahdate" the EPA Level 2 data because there Is no QC summary data to ev’aluate)

¯ Database-wide evaluahon of the trends in data quality (for example, trends in surrogate
spike recovery)

It is ]mportant to note that "data vahdation" is the assessment of the hard-copy data base
/1 . ii Ideliverables in terms of method compliance, and data quahty evaluation is the quahtative

evaluation of overall trends in the project-specific database. Areas evaluated inl the DQE
include the following:

¯ Potential "blank contamination" (i.e. the effect on the usability of data for talrget
compounds and analytes detected in both the field or laboratory blank saml~les and the

corresponding field samples)

¯ Laboratory performance (i.e. recovery for spiked blank samples and other laboratory
checks such as calibrahon and laboratory control samples)

¯ Matrix interferences (i.e. recovery for spiked field samples)

¯ Usab:hty of metals results at, or near, the instrument detection hrruts

This DQE technical memorandum (TM) includes the following:

¯ Results of the database-wide DQE queries (summary tables are included at :he end of
this report)

¯ Assessment of the overall usability of the data to support the project decision-making
process

The focus of the hard-copy data validation was to review each of the QC sumrr~ary sheets,
note nonconformances on the DV worksheets, qualify the data as appropriate, and
summarize the results of this review. These completed worksheets are include~t in the
project file and are available upon request.

Data Evaluation Criteria
|

thth am 1 aJnd dataBefore the analytical results were released by the laboratory, bo e s p e QC
were carefully reviewed to verify sample identity, instrument calibrahon, dete~tlon hn-uts,

dilution factors, numerical computations, accuracy of transcriptions, and chemical
interpretations Addihonally, the QC data were reduced and the resulting dat~i were

.... I
rev]ewed to ascertain whether they were within the laboratory-defmed hrruts for accuracy
and precision¯ Any non-conforEung data were discussed in the data package c~ver letter
and case narrative.

I
!

The EPA Level 3 QC data packages were reviewed by the project chemists usiffg the
method acceptance criteria and the process outlined in the EPA Functional Guzdehnes.
Samples that were not within the acceptance limits were annotated with a qualifying flag,
which cons:sts of a single or mulaoletter abbrev:ahon that md:cates a QC nonconformance
associated with that analytical result. Although the quahfying flags originate during the
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data review and validation process, they are included in the data summary tables so that
the data w111 not be used indiscriminately. The following flags were used in the DQEP:

TABLE C.3-1
Data Quahficatlon Flags
Memphss Depot Matn Installation RI

Qualifier Description
J Esttmated. The analyte was present, but the reported value

may not be accurate or precise.
U Undetected. Analyte was analyzed for but not detected above

the method detection hmlt
R Rejected. The data are unusable. (Analyte/compound may or

may not be present.)
UJ Undetected, but the reporting limit is estimated.

Once the data review and validation process for the EPA Level 3 QC data was completed,
the entire data set was reviewed for target compound/analyte frequency of detect*on,
dilution factors that might affect data usabdlty, and patterns of target compound/analyte
distribution The data set was also evaluated to identify potential data lirrutatlons,
uncertainties, or both, m the analytical results.

Potential Field Sampling and Laboratory Contamination

Types of QC Blank Samples
Three types of field blank samples were used to monitor potential contamination
introduced during field sampling and sample handling activities.

Trip Blank (TB)(VOCs only): A sample of ASTM Type I! water was prepared by 
laboratory and it accompanied the sample coolers from the field to the lab. This blank
monitors potential contamination introduced during sample handling and shipping. For
this prolect, one trip blank was submitted with each cooler containing samples for VOC
analys~s. A total of 7 TBs were submitted to the laboratory for this field effort

Equipment Rinsate Blank (ERB): Consists of a sample of the ASTM Type II water used 
the final rinse during equipment decontaminahon. This blank sample is collected by
rinsing a piece of equipment after decontamination is completed and is analyzed for the
same analytical parameters as the corresponding samples. This blank monitors potential
contamination caused by incomplete eqmpment decontarrunation. A total of 6 ERBs was
submitted to the laboratory for this field effort.

Field Blank (FB): Consists of a sample of the source water used to decontaminate the field
sampling eqmpment and at least one FB was collected from each source of water. Typically
there are 2 types of FBs: one a sample of the tap water used to steam-clean the equipment
and a second sample of the ASTM Type II water used for the final equipment rinse. FBs are
analyzed for the same parameters as the corresponding samples. One FB of the ASTM
Type II water was subrmtted to the laboratory for this field effort.

AT L/PAO J ECTS]147543/APPC-3 DOC C-43
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Laboratory method blanks (LBs) were also analyzed with each analyhcal batch,i For water
samples, a laboratory method blank is ASTM Type II water that is treated as a shmple m
that it undergoes the same analytical process as the corresponding field sample~. For soil
samples, the laboratory method blank may consist of a sample of EPA-approve~t soil

(Ottawa desert sand)¯ Method blanks are used to monitor laboratory performance and
potential contarrunation introduced during the analytical process. One method blank was
analyzed for every 20 samples, or one per analyhcal batch, whichever was more frequent¯

Evaluation of QC Blank Results ]
Summarized in Table C.3-2 are the frequency of detection, and the minimum an~ d maximum

concentration for target compounds. Also included in Table 2 are the frequency of

detection, and minimum and maximum concentration for target compounds th~at were also
detected in the field samples. For example, methylene chloride is included in Table 2

¯ I
because it was detected in the field and laboratory blank samples as well the field samples¯
However, phenanthrene was detected in selected field samples and not any of the field or
laboratory blanks; therefore, phenanthrene is not included in this table.

I .

~CCc~e~i ~! tlt~ !h E~w~eG1 ~th~b~a !~n~!~ ~i~if’~ia~! i,~i~i ! ~iltad~i~lcled.

No quahfiers are applied to the blank sample results¯

Acetone was detected in 5 of the 6 equipment rinsate blanks at concentrations ranging
¯ J

from 13 to 16 pg/L. Acetone was also detected m I of the 10 water laboratory method
I

blanks (14 pg/L) and 8 of the 23 soil laboratory method blanks at concentrahons
¯ I

ranging from 13 to 16 pg/kg. Acetone is used as an extraction solvent in the laboratory
and is a common contaminant. Acetone was detected in both the surface water and
solid field samples¯ With the exception of one sample result (RHA070 at 220 pg/kg), all
the acetone results can be attributed to field samphng and laboratory contamination.

2-Butanone was detected in 2 of the 6 equipment rmsate blanks at 17 and 22 pg/L.
2-Butanone was also detected in 2 of the 24 surface sod samples (22 and 34 pg/kg) and 

of the 79 subsurface soil samples at 14 pg/kg. 2-Butanone is an infrequent !aboratory
contaminant and source include contarmnation in the internal standard soli~tlons and¯

~ Athe moisture control module of the analytical instrument According to the EP
¯ . I

Functional Guidehnes, concentrations of contaminants detected m environmental samples
¯ ¯ I

at less than five times the concentrations detected m the corresponding field and
laboratory blank samples may be attributed to field sampling or laboratory]
contaminahon. 2-Butanone was detected at a similar frequency and concerltration as
the equipment rinsate blank samples and can be attributed to laboratory contarrunatlon.

¯ ¯ I
Bzs(2-ethylhexyl) phthalate (BEHP) was detected m one of the sod laboratory method
blank samples at 360 pg/kg. BEHP was also detected m 11 of the 48 subsurface sod
samples at concentrations ranging from 430 to 3,800 pg/kg. All the sample results are

¯ I
less than ten time the concentration m the laboratory method blank samplei therefore,
BEHP can be attributed to laboratory contamination and not environmental conditions.
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Concentrations of metals near the instrument detection limit (IDL) and less than the
project-specific reporting limits were detected in some of the QC blank samples. These
results are typically indicative of instrument background and not field sampling or
laboratory contamination. Negative numbers were reported by the laboratory for
selected blank and field sample results. Negative numbers associated with atomic
spectroscopy methods of analysis results from one of, or a combination of, two possible
situations:

Instrument Noise: Variation in signal intensity is the primary reason that
negatwe numbers are reported. Any calibration curve associated with atomic
spectroscopy uhhzes a calibration blank. "Blank" is assigned a "zero
concentration" when the cahbration curve is computed. Because "blank" does
not have an analyte signal, instrument noise, shght variations m detection
devices, stray light, or background corrections can elicit a quantitative response
different from the "blank". These responses can and often are, slightly negative
absorbencies or emission intensities, which when compared to the curve, yield
negative concentrations. The absolute value of these negative concentrations are
compared to the instrument (IDL) or method detection lircut (MDL); both 
IDL and MDL are calculated rather than demonstrated values and hence have an
inherent inaccuracy. If the absolute value of the negative sample result is greater
than these reporting limits, then the negative value is reported.

Calibration Blank Contamination: Any contaminant present in the blank
during calibration will artificially set "zero" at the contaminant concentration.
Any samples analyzed after the calibration blank which contain less
contarrunation than the calibration blank will result in a negative value as the
sample result. This is not a common situation and occurs mostly w,th zinc and
copper, two ubiquitous contaminants.

h

177

QC Measures

Surrogate Spike Recoveries
Surrogate spike compounds were added to every sample analyzed for the organic
parameters including field and laboratory blanks as well as field environmental samples.
Surrogate spike compounds are the structural homologs of target compounds and are
therefore expected to behave in a similar manner during analysis. Surrogate spike
recoveries were used to momtor both laboratory performance and matrix interferences.
Surrogate spike recoveries from field and laboratory blanks were used to evaluate
laboratory performance because the field blanks represent an "ideal" sample matrix.
Surrogate spike recoveries for field samples were used to evaluate the potential for matrix
interferences. There are no graphs for dioxins and furans because no surrogate compounds
were added to the sample. Internal standards are used in place of surrogate spike
compounds.

As each data package was reviewed, the surrogate spike recoveries were compared to the
QC target hrruts summarized in Table C 3-3 Samples with surrogate spike recoveries
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outs:de the target acceptance limits were noted on the data validation worksheets and the
sample results qualified with a "J" to indicate potential matrix interferences. I

Surrogate spike recoveries were also evaluated in aggregate for each sample type or matrix.
Because of the large number of samples, surrogate spike recoveries are summarized m a

graph rather than a table. For each organic analys:s, a graph was prepared of su~rrogate
spike recovery as a function of "sample number". The samples were arranged I

chronologically and then numbered sequentially. The graphs are used to evaluate trends
and not specific sample results.

Two separate pages were prepared for each analytical frachon The first page presents¯ I
surrogate spike recoveries for water samples. The water held QC blanks, laboratory blank
and held samples are presented on separate graphs so that trends in ideal versus matrix-
specific can be evaluated¯ The second page presents soil laboratory blank and sloi],
environmental samples; there are no field QC samples for soil. The spiked blank plots

¯ I
demonstrate that the laboratory method was in control. The spiked sample results are used
to evaluate potential matrix interference. Spike recoveries of zero indicate that the sample
was diluted and the surrogate was no longer "visible" to the instrument.

The following conclusions are applicable to all the figures:

¯ Surrogate spike recoveries for VOCs are clustered in a narrow band, while recoveries, for
semivolahle compounds (includes SVOCs, pesticides, PCBs, herbicides, etc.) are spread
over a larger range¯ This is typical of the VOC versus sermvolahle-type compounds and
the laboratory-specific target acceptance limits reflect this d:fference.

¯ rall analI ticalIn general, the specific sample matrix d~d not interfere with the ove y "

process because the surrogate spike recoveries for both water and soil samples were
within the method target acceptance limits; and the recovery "spread" for blank and
field samples were similar.

Matrix Spike/Matrix Spike Duplicate Results (MS/MSD)
For this QC measure, three aliquots of a single sample are analyzed; a native sample, and

¯ I
" tw

two spiked with known concentrations of target compounds. For the metals analysis, o
native and one spiked sample are analyzed (spike/duplicate). Unlike the surrogate spike
compounds, matrix spike compounds are found on the method target compound list. Spike
recovery is used to evaluate potential matrix interferences as well as accuracy¯ ~For organic

¯ ,] .

analyses, precision is evaluated by comparing the duplicate sp:ke results¯ For morgamc

analyses, preosion is evaluated by comparing the duplicate native sample results.

One water MS/MSD was analyzed for the surface water samples and the results of this QC
measure are summarized m Table C.3-4. Also, there was only 1 MS/MDS sample for

herb:cides and this information is also presented in Table C.3-4. For the soil sa~nples, the
MS/MSD results are presented using a graph instead of a table because multiple MS/MSD
samples were analyzed by the laboratory. All the solid MS/MSD results were combined m
a single graph instead of presenting separate graphics for surface soil, subsurface soft,
se&ment, etc The graphs are presented by MS/MSD target compound. For e Ixample, there
are 5 MS/MSD compounds for VOCs; therefore, there are 5 plots for VOCs. Ealch plot
presents MS and MSD recovery as a function of sample number. Sample numt~ers were



DATA QUALITY EVALUATION (OQE) REPORT FOR THE DEFENSE DEPOT MEMPHIS, TENNESSEE, REMEDIAL INVESTIGATION PROJECT

488
assigned sequentially after the MS/MSD samples were arranged chronologically. The
overall purpose of matrix spikes is to evaluate the effect of the specific sample matrix on
accuracy and precision. Laboratory-specific target acceptance limits were used to evaluate
accuracy and precision. Precision can also be evaluated visually by noting the similarity of
the MS and MSD plots.

For all the analyhcal methods, the sample matrix did not interfere with the overall
analytical process because the MS and MSD spike recoveries and precision were within the
laboratory-specific target acceptance limits. Additionally, the MS and MSD graphical
recovery trends were nearly identical.

Duplicate Field Sample Results
One duplicate field sample was collected for every ten field samples of the same matrix.
The duplicate samples were submitted "blind" to the laboratory; i.e. the laboratory did not
know which samples were duplicates nor which pair of samples were duplicate of each
other.

Ideally, duplicate field samples would be chosen which contain target compounds or
analytes above the reporting limit because non-detects provide limited information about
precision (i.e the duplicate of not detected is not detected). It is difficult to summarize
duplicate information in a graph because different target compounds/analytes were
detected in each pair of duplicate sample. The duplicate field sample results are
summarized in Table C.3-5. For each duplicate sample, all results above the reporting limit
are presented for both the native and duplicate samples and the relative percent difference
between them was calculated. The sample results were not qualified for duphcate sample
recovery or precision; however, a general comparison of +20 RPD for water and -+35 RPD
for soft was used

In general, the duplicate sample results were within the guidance lirmts; indicating that the
speclhc sample matrix did not interfere with the overall analytical process. Those duplicate
soil results with a RPD greater than 50 percent should be attributed to the non-homogeneity
of the soil matrix as well as potentially poor sampling and analysis precision.

Metals Results Near the Instrument Detection Limit
The samples were analyzed for 23 metals including aluminum, antimony, arsenic, barium,
beryllium, cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium,
manganese, mercury, nickel, potassium, selenium, silver, sodium, thallium, vanadium, and
zinc.

Concentrations of metals near the instrument detection hmit (IDL) were reported for many
of the target metals. Plots of sample results as a function of sample index number for the
soft field samples were reviewed yielding the following conclusions:

¯ Those sample results clustered about the IDL are due to instrument "background" (for
example, silver)

¯ Results evenly distributed over a wide range of concentrations may be attributed to
natural abundance (for example, aluminum)
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¯ Results which appear to be greatly above the instrument background noise are reflective

of environmental conditions

The IDL is the constituent concentration that produces a signal greater than five times the
¯ I ,

signal/noise ratio of the instrument and is a calculated value. Results at, or near, 10 times
the IDL are more viable sample results and are not suspect in the same way as results
reported at, or near, the IDL Therefore, sample results at, or near, the IDL may!be false
positives caused by instrument noise or low level background shifts rather than a true
analyte signal.

PARCCs

Precision-is defined as the agreement between duplicate results, and was estin Lated by

comparing duplicate matrix spike recoveries and field duplicate sample results!/ As
discussed above, the RPD for the MS/MSD results were within the target accep~tance limits

except for two SDGs from the pesticides analysis. However, the RPD for target]analytes"~
detected in the duplicate soil samples which were greater than 50% PD which may indicate
either poor sample homogeneity or poor sampling and analysis precision.

Accuracy-Is a measure of the agreement between an experimental determination and the
true value of the parameter being measured. Spiked sample results were used to evaluate

.... I
accuracy and as noted above, the spike recoveries were within the method target acceptance
limits indicating the specific sample matrix did not interfere with the overall analytical
process.

Representativeness-this criteria is a qualitative measure of the degree to which~ sample data
accurately and precisely represent a characteristic environmental condition. I

Representativeness is a subjective parameter and is used to evaluate the efficacy of the
fullsamphng plan design. Representativeness was demonstrated by providing descriptions

¯ I
in the project scoping documents of the sampling techniques and the rationale used for
selecting sampling locations. I

Completeness-is defined as the percentage of measurements that are judged t~o be valid

compared to the total number of measurements made. None of the QC Level 11 data was
rejected because it was not validated. None of the QC Level 2 data was rejected during
validation for QC reasons. It is important to note that the best value for eac~ sample is
selected and other values rejected in the database. For example, a sample required a 10-fold
dilution because one target compound was present above the hnear calibratio~ range The

single undiluted result would be "rejected" in the database and the diluted results~ for the
other target compounds rejected for the diluted analysis in order to choose the i"best value"
for each target compound or analyte. Therefore, 100 percent of the data was deemed usable
which exceeds the goal of 95 percent usable data established m the work plan.

Comparability-is another qualitative measure designed to express the confide :tce with
which one data set may be compared to another. Factors which affect compar~ bihty are:
sample collection and handling techniques, sample matrix type, and analytical method.
Comparability is limited by the other PARCC parameters because data sets car be
compared with confidence only when precision and accuracy are known. EPA~ methods

available to support thewere used to analyze the sample; however, there is not QC data
I
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Level 1 data. Therefore, the data can be compared with the understanding that the quality
of the Level 1 data is not known.

Summary and Conclusions
Conclusions of the data quality evaluatmn process include the following:

¯ The laboratory analyzed the EPA Level 3 QC samples according to the EPA methods
stated in the work plan as demonstrated by the data package deliverables

¯ Acetone, 2-butanone, and bis-2-ethylhexyl phthalate can be attributed to field sampling
and laboratory contamination rather than environmental contamination.

¯ Surrogate spike and MS/MSD recoveries and duplicate field sample results indicate that
the specific sample matrix did not interfere with the overall analytical process

Poor duplicate precision for metals in the duplicate soil samples should be attributed to
both poor sample homogeneity as well as potentially poor sampling and analysis
precision.

These data can be used in the project decision making process without further qualification.
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TABLE C.3-5

Duplicate Field Sample Results Summary

Memphis Depot Mmn Instal/a#on RI

8ample

Matrix Method # Sample ID Parameter Native Result Duplicate Result Units RPD
SB SW6OlO RHA007 ARSENIC 84 81 mg/kg 4%
SB S’W6Ol0 RHA007 CHROMIUM, TOTAL 24,7 114 mg/kg 74%
SB SW6OI0 RHA007 COPPER 164 163 mglkg I%
SB SW6010 RHA007 LEAD 91 84 mglk~ 8%
SB SW6OIO RHA007 NICKEL 181 174 m~/kW

4%
SB SW6010 RHA007 ZINC 604 49 1 mg/kg 3%

SB SW6010 RHA009 ARSENIC 78 77 mglkg I%
SB SW6OlO RHA009 CHROMIUM, TOTAL 24 6 26 8 mg/kg 9%
SB 5W6010 RHA009 COPPER 17 152 mg/kg 11%
SB SW6O10 RHA009 LEAD 87 83 mg/kg 5%
SB SW6OlO RHA009 NICKEL 177 17 mglkW

4%
SB SW6OlO RHA009 ZINC 43 4 41 6 mg/k~ 4%

SS SW8100 RHA020 BENZO(g h,,)PERYLENE 73 100 Fg/kq 31%
SS SW8100 RHA020 FLUORANTHENE 100 240 pg/kg 82%
SS SW8100 RHA020 INDENOI1 2 3-c,d)PYRENE 85 ~20 pg/kg 31%

SS SW8100 RHA020 PHENANTHRENE 89 160 pg/kg 57%
SS 8w8100 RHA020 PYRENE 76 170 pglkg 76%

SS SW8080 RHA020 DDT 77 3O yglkg 88%
SS SW8080 RHA020 DIELDRIN 62 5O yglkg 21%
SS SW6010 RHA020 ARSENIC 171 156 mglkg 9%
SS SW6010 RHA020 CADMIUM 2 13 mg/kg 42%

SS SW6OlO RHA020 CHROM;UM, TOTAL 336 164 mg/kg 69%

SS SW6Ol0 RHA020 COPPER 48 9 67 9 mg/kg 33%

SS SW6010 RHA020 LEAD 1580 563 mg/kg 95%

SS SW6Ol0 RHA020 NICKEL 164 32 mg/kg 64%

SS SW6010 RHA020 ZINC 693 369 m~/kg 6t%

$8 SW826O RHA030 ACETONE 16 32 yglkg 67%
SB SW6010 RHA030 ARSENIC 108 9 mg/kg 18%

$8 SW6010 RHA030 CHROMIUM, TOTAL 128 27 4 mg/kg 73%

SB SW6010 RHA030 COPPER 188 165 mg/k£ ~3%

SB SW6010 RHA030 LEAD 135 111 m~/k~ 2O%

$8 SW6010 RHA030 NICKEL 177 168 mg/kg 5%

SB SW6010 RHA030 ZINC 608 55 3 mglkg 9%

SS SW8100 RHA039 ANTHRACENE 320 220 yg/kg 37%

SS SW8}00 RHA039 BENZO{o)ANTHRACENE 85O 76O yg/kg 11%

SS 8W8100 RHA039 5ENZO(o)PYRENE 730 710 pglkg 3%

SS 8W8100 RHA039 BENZO(b)FLUORANTHENE 66O 700 yglkg 6%

SS SW8100 RHA039 BENZO<g,h,OPERYLENE 490 520 pglkg 6%

SS SW8100 RHA039 BENZO{k)FLUORANTHENE 68O 720 yq/kg 6%

SS SW8100 RHA039 CHRYSENE 76O 710 Hglkg 7%

SS SW8100 RHA039 FLUORANTHENE 1800 1500 yg/kg 18%

SS SW8100 RHA039 FLUORENE 300 26O p,qlkg 14%

SS SW8100 RHA039 INDENO(t,2,3-c,d)PYRENE 730 740 yg/kg 1%

SS SW8t00 RHA039 PHENANTHRENE 1200 930 p~Ikg 25%

SS SW8100 RHA039 PYRENE 1300 1200 pg/kg 8%

SS SW6010 RHA039 ARSENIC 109 113 mg/k~ 4%

SS SW6010 RHA039 CHROMIUM, TOTAL 51 3 77 2 mglkg 4O%

SS SW6O]0 RHA039 COPPER 27 9 27 m£/k9 3%

SS SW6Ol0 RHA039 LEAD 340 505 m,g/k9 39%

SS Sw6O]O RHA039 NICKEL 163 163 mg/kg 0%

SS SW6Ol0 RHA039 ZINC 182 205 mg/k,g 12%

SS SW8080 RHA045 DDT 300 390 pglkg 26%

SS SW8080 RHA056 DDE 620 520 pglkg 18%

SS SW8080 RHA056 DDT 18OO 17(30 6%

SS SW8100 RHA067 FLUORANTHENE 8O 81 pg/kg 1%
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TABLE 0.3-5

Duplicate Field Sample Results Summar/

Memphis Depot Mare Installatson RI

Sample

Matrix Method # Sample ID Parameter Native Result Duplicate Result U~its RPD
SS SW8100 RHA067 PHENANTHRENE 76 79 ! pglk~ 4%
SS SW8100 RHAO67 PYRENE 64 72 12%
SS SW8080 RHAO67 A~HA-CHLORDANE 15 71 pg/kg 71%
SS SW8080 RHAO67 DDE 36 24 ’pg/kg 40%
SS SW8080 RHAO67 DDT 85 42 pg/kg 68%
SS SW8080 RHAO67 GAMMA-CHLORDANE 15 74 I pg/kg 68%

SB SW6010 RHA076 ARSENIC 86 89 mglkg 3%

SB SW6010 RHA076 CHROMIUM. TOTAL 117 118 mg/kg 1%

SB SWBOl0 RHA076 COPPER 162 165 m~g/kg 2%

SB SW6010 RHA076 LEAD 93 96 mg/kp 3%

SB SW6010 RHA076 NICKEL 17,3 17 mg/kg 2%

SB SW60tO RHA076 ZINC 51 52 5 mglkg 3%

SB SW6010 RHA082 ARSENIC 98 11 mg/kg 12%

SB SW6010 RHA082 CHROMIUM, TOTAL 102 119 m~/k~ 15%

SB SW6010 RHA082 COPPER 166 185 mg/kg 11%

SB SW6010 RHA082 LEAD 11 131 mg/k9 t7%

SB SW6010 RHA082 NICKEL t8 198 mg/kg 10%

SB SW6Q10 RHA082 ZiNC 55 2 59 5 mg/kg 7%

SB SW8260 RHA092 ACETONE 17 17 pg/kg O%

SB SWB080 RHA092 DDE 56 11 pglkg 65%

SB SW8080 RHA092 DDT 15 31 7O%

SB SW6010 RHA092 ANTIMONY I 12 m~/kg 18%

SB SW6010 RHA092 ARSENIC 69 85 mg/kg 21%

SB SW6010 RHA092 CHROMIUM. TOTAL 13 14 mg/k~ 7%

SB SW6010 RHA092 COPPER 158 171 mg/kg 8%

SB SW6010 RHA092 LEAD 85 94 m~/kg I0%

SB SW6010 RHA092 NICKEL 18 186 mg/k£ 3%

SB 5W6010 RHA092 ZINC 449 536 mglkg 18%

wS SW7470 RHAI02 MERCURY OO6 0O4 pb/L 40%

WS SW6010 RHAI02 ALUMINUM 147 81 2 pg/L 58%

WS SW6010 RHA102 BARIUM 58 5 p~IL 15%

WS SW6010 RHA102 CADMIUM 0 38 022 p~IL 53%

WS SW6010 RHAI02 CALCIUM 2490 244O yglL 2%

WS 5W6010 RHAI02 CHROMIUM, TOTAL 12 14 p~IL 15%

WS SW6010 RHA102 COBALT I1 0 84 p~/L 27%

WS SW6010 RHA102 COPPER 44 34 pplL 26%

WS SW6010 RHA102 IRON 3O6 245 pglL 22%

WS SW6010 RHAI02 LEAD 52 26 pg/L 67%

WS SW601O RHA1O2 MAGNESIUM 286 271 pg/L 5%

WS SW60t0 RHA102 MANGANESE 167 146 pg/L 13%

WS SW6010 RHA102 SODIUM 456 483 p~IL 6%

WS SW6010 RHAI02 THALLIUM 22 13 p~/L 51%

WS SW60IO RHA102 VANADIUM 1 0 76 y~/L 27%

WS SW6010 RHAI02 ZINC 346 31 2 pb/L 10%

WS E415 2 RHAI02 TOTAL ORGANIC CARBON 23 26 mglL 12%

WS SW6010 RHAII0 ALUMINUM 64 49 8 yg/L 25%

WS SW6010 RHAII0 BARIUM 127 121 pulL 5%

WS SW6010 RHAII0 CALCIUM 8370 8150 yg/L 3%

WS 5W6010 RHAl10 CHROMIUM, TOTAL 14 12 p’g/L 15%

WS SW6010 RHAl10 COBALT 066 0 86 ff£/L 26%

WS SW6010 RHAn0 COPPER 91 66 F~/L 32%

WS SW601O RHAl10 IRON 417 432 pg/L 4%

WS SW6010 RHAll0 MAGNESIUM 1580 1570 p~/L 1%

WS SW6010 RHAll0 MANGANESE 684 69 8 IJg/L 2%

WS SW6010 RHAII0 NICKEL 33 36 ~/L 9%

WS SW6010 RHAll0 POTASSIUM 2730 2540 #~/L 7%

WS SW6010 RHAll0 SELENIUM 14 29 pg/L 7O%
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TABLE C.3-5

Duplicate Field Sample Results Summary

Memphis Depot Ma~n Installation RI

SampTe J
Matrix Method #

WS SWB010
WS SW6010
WS
WS

S8
SB
SB
SB
SB
SB
SB
SB

SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB

SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
SB
$8

Sample ID
RHA110

Parameter
SODIUM

Native Result

GAMMA-CHLORDANE

1080
Duplicate Result

RHA110 VANADIUM 0 81 0 69
SW6010 RHA110 ZINC 61 3 70 2
E415 2 RHA110 TOTAL ORGANIC CARBON S R 6

SW8080 RHA154 ALPHA-CH LORDANE 12 16
SWB080 RHA154
SW6010 RHA154 ARSENIC
SW6010 RHA154

11
93

16
89

CHROMIUM, TOTAL 13 1 I t 7
SW6010 RHA154 COPPER 16 159
SWB010 RHA154 LEAD 9 4 9 9
SWBO10 RHAI54 NICKEL 17 3 18
SW6Ot0 RHA154 ZINC 55 8 51 7

SW8260 RHA164 ACETONE 37 30
SW6010 RHA164 ALUMINUM 12200 14300
SW6010 RHA164 ANTIMONY 0 25 0 35
SW6010 RHAI64 ARSENIC 89 10 1
SWB010 RHA164 BARIUM 121 159
SW6010 RHA164 CADMIUM 0 25 0 29
SW6010 RHAt64 CALCIUM 1500 1410
SW6010 RHA164 CHROMIUM, TOTAL 14 6 15 4
SW6QI0 RHAI64 COBALT 8 1 7 8
SWB010 RHA164 COPPER 16 3 18 6
SW6010 RHA164 IRON 20200 20700
SWB010 RHAI64 LEAD 10 11 2

2370
445
18

2530

SW6010 RHA164 MAGNESIUM
SWB010 RHA164 MANGANESE
SW6010 RHA164 NICKEL
SW6O 10 RHA164 POTASSIUM

259O
5O4
175
2650

SW6010 RHA164 VANADIUM 29 1 31 7
SW6010 RHA164 ZINC 52 8 57 4

SW8260 RHA173 ACETONE 18 16
SW6010 RHAt73 ALUMINUM 12000 10500
SW6010 RHAI73 ARSENIC 8 10
SW6010 RHA173 BARIUM 1B1 181
SW6010 RHA173 BERYLUUM 0 03 0 09
SW6010 RHA173 CADMIUM 0 26 0 22
SW6010 RHA173 CALCIUM 1370 1170
SWB010 RHA173 CHROMIUM, TOTAL 13 9 12 9
SW6010 RHA173 COBALT 7 4 B 2
SW6010 RHA173 COPPER 16 7 16 7
SW6010 RHA173 IRON 18300 20300
SWB010 RHA173 LEAD 11
SWB010 RHA173
SWB010 RHA173
SW6010 RHA173
SW6010 RHA173
SW6010 RHA173
SWB010 RHAI73
SW6010 RHAI73
SW6010 RHA173

106
MAGNESIUM 2530 2480
MANGANESE 533 684

NICKEL 17 2 17 9
POTASSIUM 2460 2280

SILVER 0 12 0 15
SODIUM 54 7 63 7

VANADIUM 27 t 24 6
ZINC 56 1 54 6

Units
pqlL
pglL
pglL
m@/L

488

RPD
8%
16%
14%
2%

29%
37%
4%
11%
1%
5%
4%
8%

21%
16%
33%
13%
27%
15%
6%
5%
4%
13%
2%
11%
9%
12%
3%
5%
9%
8%

12%
13%
22%
12%
100%
17%
16%
7%
10%
0%
10%
4%
2%
25%
4%
8%
22%
15%
10%
3%

193
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CH2MHILL

DDMT Main Installation RI/FS Data Quality

Evaluation (DQE)

Introduction .-
Surface and groundwater, soil and sediment samples were collected dunng the fall of 1998 Fleld~
QC samples collected included field duplicates, field blanks, trip blanks (analyzed for VOCs only),
and eqmpment rmsate blanks. The samples were analyzed for the following analytical fracnons:

¯ Volatde organ,c compounds (VOCs) by SW-846 method 8260B
¯ Semlvolaule organic compounds (SVOCs) by SW-846 method 8270C
¯ Total Metals by SW-846 methods 6010B and 7000 series
¯ Organochlorme Pesticides and PCB’s by SW846 method 8081
¯ Polynuclear Aromancs (PAH’s) by SW846 method 8100
¯ Hexavalent Chromium by SW846 method 7196
¯ Total Organic Carbon (TOC) by SW-846 9060

The purpose of the data quality evaluation process (DQEP) is to assess the effect of the
overall analytical process on the usability of the data. The two major categories of data
evaluation are laboratory performance and matrix interferences. Evaluation of laboratory
performance is a straight-forward check of compliance with the method requirements;
either the laboratory did, or did not, analyze the samples within the limits of the analytical
method Evaluation of matrix interferences is more subtle and involves the analysis of
several areas of results including surrogate spike recoveries, matrix spike recoveries, and
duphcate sample results.

DQE for the Screening Sites data consisted of the following two principal activities:

¯ Hard copy "validation" of the EPA Level 3 data packages (as a note, it is not possible to
"validate" the EPA Level 2 data because there is no QC summary data to evaluate)

¯ Database-wide evaluation of the trends in data quality (for example, trends in surrogate
spike recovery)

It is important to note that "data validation" is the assessment of the hard-copy data base
dehverables in terms of method compliance, and "data quality evaluation" is the qualitative
evaluation of overall trends in the project-specific database. Areas evaluated in the DQE
include the following:

Potential "blank contamination" (i.e. the effect on the usabihty of data for target
compounds and analytes detected in both the field or laboratory blank samples and the
corresponding field samples)

¯ Laboratory performance 0.e. recovery for spiked blank samples and other laboratory
checks such as calibration and laboratory control samples)

ATIJPROJECTS/147543]APPEN DICES/APP C/APPC4 DOC C-65 147543 R101
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¯ Matrix interferences (i.e. recovery for spiked field samples)

¯ Usability of metals results at, or near, the instrument detection limits

This DQE technical memorandum (TM) includes the following:

* Results of the database-wide DQE queries (summary tables are included at the end of
" this report) 

l

Assessment of the overall usability of the data to support the project decisijn-making

process

The focus of the hard-copy data validation was to review each of the QC summary sheets,
note nonconformances on the DV worksheets, qualify the dataas appropriate," andJ
summarize the results of this review. These completed worksheets are includec in the
project file and are available upon request.

Data Evaluation Criteria

Before the analytical results were released by the laboratory, both the sample and QC d!ta were

carefully reviewed to verify sample identity, instrument calibration detecUon limits, dillution factors,
numerical computaUons, accuracy of transcriptions, and chemical interpretations. Additionally, the

W - . IQC data ere reduced and the resulting data were reviewed to ascertain whether they were within the
¯ . , , ]

laboratory-defined I n’nts for accuracy and precision Any non-conforming data were &scussed in the
data package cover letter and case narrative

The EPA Level 3 QC data packages were reviewed by the project chermsts using the process outhned
m the Environmental Protection Agency (EPA) guidance document Functtonal Guidelilesfor
Evaluating Data (February, 1994)¯ Areas of review included (when apphcable to the mlethod)
holding time comphance, cahbratlon venflcation, blank results, matrix spike precision a~nd accuracy,
method accuracy as demonstrated by LCSs, field duphcate results, surrogate recovenes internal

¯ Istandard performance, and interference checks. A data rewew worksheet was completed for each of
these data packages and any non-conformance documented This data review and vahdatlon process

) - . I
Js independent of the laboratory s checks and focuses on the usability of the data to support the
project data interpretation and decision-making processes¯

Data that were not within the acceptance limits were appended wLth a quahfymg flag, u hich consists
of a single or double-letter abbreviation that reflects a problem with the data. Although the
quahfying flags originate during the database query process, they are included in the fir al data
summary tables dehverable so that the data will not be used indiscriminately. The follc wing flags
were used in this text:
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DDMT MAIN INSTALLATION RifFS DATA QUALITY EVALUATION (DOE)

TABLE C.4-t
Data Quahficat=on Flags
Memphis Depot Main Installation RI

488 199

Qualifier Description
U Undetected. Analyte was analyzed for but not detected ".-.,

above the method detection limit
UJ Detection limit estimated. Analyte was analyzed for, and

qualified as not detected. The result is estimated.
J Estimated. The analyte was present, but the reported value

may not be accurate or precise.
R Rejected. The data are unusable. (NOTE"

Analyte/compound may or may not be present.)

Numerical sample results that are greater than the method detection lirmt (MDL) but less than the
laboratory reporting bruit (RL) are qualified with a J for est mated as required by the EPA
Funcuonal Guidelines for Evaluating Data Quahty.

The enure database was queried for frequency of detection In blanks and samples, detaded listing of
blank detects, matrix spike/matrix spike duplicate (MS/MSD) results, field duplicate precision,
surrogate recoveries, preparation and analysis dates pertaining to holding times. The queries were
then mampulated to calculate necessary statistics for evaluation of the data.

Once the data review and validation process was completed, the entire data set were reviewed for
chemical compound frequencies of detection, dilution factors that rmght affect data usability, and
patterns of target compound &stribution. The data set was also evaluated to identify potential data
hrmtatlons, uncertainties, or both in the analytical results. Attachment A lists the changes in data
quahfiers due to the validation processes.

Potential Field Sampling and Laboratory Contamination

Four types of blank samples were used to monitor potential contamination introduced during field
sampling, sample handling, shipping acnvitles, as well as sample preparauon and analysis in the
laboratory

Trip Blank (TB): A sample of ASTM Type II water that is prepared m the laboratory pnor 
the samphng event. The water is stored in VOC sample containers and is not opened in the field,
and travels back to the laboratory with the other samples for VOC analysis. This blank is used to
monitor the potentml for sample contarmnation during the sample container trip. One trip blank
should be included in each sample cooler that contained samples for VOC analysis. Ten tnp
blanks were submitted to the laboratory with these samples.

Equipment Rinsate Blank (ERB): A sample of the target-free water used for the final rinse
during the eqmpment decontamination process. This blank sample is collected by rinsing the
sampling equipment after decontaminatmn and is analyzed for the same analytical parameters as
the corresponding samples. This blank is used to monitor potential contarmnation caused by
incomplete equipment decontaminatton. One eqmpment rlnsate blank should be collected per
day of samphng, per type of sampling equipment. Depending on the method, up to seventeen
eqmpment rinsate blanks were subrmtted to the laboratory for this field effort
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¯ Field Blank or Ambient Blank (FB or AB): The field blank is an aliquot of the source water
used for equipment decontamination. This blank monitors contamination that mayJbe introduced

from the water used for decontamination. One field blank should be collected froth each source
of decontamination water and analyzed for the same parameters as the associated s~mples Three
field blanks were collected during this sampling event.

¯ Laboratory Method Blank or Method Blank (MB): A laboratory method blank is ASTM Type
H water that is treated as a sample in that it undergoes the same analytical process As the
corresponding field samples. Method blanks are used to momtor laboratory perfor~nance and
contamination introduced during the analytical procedure¯ One method blank was prepared and

analyzed for every twenty samples or per analytical batch, whichever was more fre~quent.

Evaluation Criteria of QC Blank Results

F " IAccording to the EPA unctional Guidelines concentrations of common organic contaminants
¯ I

detected in samples at less than ten times the concentration of the associated blanks can be attributed
to field samphng and laboratory contamination rather than environmental contarmnatlon from site
activities Common organic contarmnants include acetone, methylene chloride, 2-butanone, and the
phthalates. For other inorganic and orgamc contaminants, five times the concentration!detected in
the associated blanks (rather than ten times) Is used to qualify results as potential field Jand/or,
laboratory contamination rather than environmental contamination. The ten times ruleI was applied
on an SDG by SDG basis and not globally. Global application, however, would account’ for
anomalous data which should be attributed to laboratory or field blank contamination.

Detects m the samples at levels less than the action levels hsted were qualified as not detected.
Table C.4-2 compiles the blank detections into a "frequency of detection" by target parameter.

Table C.4-2 indicates that acetone, methylene chloride, 2-butanone, chloroform, and tdluene were
detected in at least one of the different volatlles blanks. Methylene chloride, acetone, and 2-
butanone are common contarmnants Methylene chloride and acetone are common laboratory
extraction solvents¯ Butanone and the other ketones are common contaminants of methanol, the
solvent used for equipment decontamination The majority of the sample detections foi these
compounds were qualified as not detected due to blank contamination. However, the data user
should be cautmned that some of the remaining sample hits are anomalous and more titan likely
should be attributed to contamination. Chloroform was detected in two rinsate blanks land in one
field sample at approximately the same concentration level. This compound is a THM ]
(tnhalomethane) and is suspected to be a contaminant in the laboratory water since no ;field blanks 
samples contained detectable levels of chloroform Toluene was detected in a single rmsate blank at
the MDL and was not used to qualify any field samples due to this low level.

Phthalates are used as plasticizers. The most common phthalates are bis(2-ethylbexyl)~ phthalate
(BEHP) and Dl-n-butylphthalate. Phthalates are often introduced into samples during handling.
Gloves are often used when handling soil sampling and groundwater sampling equipment such as
pumps, hoses, split spoons, dredges and bailers. Addmonally, laboratory chenusts use gloves when
handling samples and extracts. Gloves are coated with plasticizers such as BEHP to facilitate release
of the gloves from the skin. Table C.4-2 indicates that phthalates were detected m multiple blanks

¯ I
Attachment A reflects several field samples qualified as not detected due to blank contarmnatlon
Again, If global application of the flags were applied, the majority of all phthalate detections would

¯ I
be quahfled as not detected due to contamination. Thus, caution should be utihzed when making
decisions based upon phthalate data.
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As listed m Table C.4-2, several metals were reported in either the method, eqmpment rmsate, and/or
field blanks. Sample results less than five times the concentration found in the associated blanks for
that SDG were attributed to feld sampling or laboratory contamination and are not considered to be
indicative of environmental contammation. Samples reflecting this condition were qualified as not
detected. These metals included aluminum, antimony, arsemc, beryllium, cadmium, calcium,
chrormum, cobalt, copper, iron, lead, magnesium, manganese, nickel, selenium, ~silver, sodium,
thalhum, vanadium, and zinc. v:.,

Many of these metals are ubiquitous at low levels (aluminum, calcium, chromium, copper, mckel,
Iron, magnesium, manganese, sodium, and zinc). Iron, chrommm, and nickel are associated with
alloys of steel. Alurmnum and copper are the primary metals used m conduits, tubing, and some
electrical wiring. Lead is associated with many alloys or solder combinations. Calcium, magnesium,
and sodmm are the caUons associated with common salts Additionally, many of these elements can
be found as trace level contarmnants in acids utilized for digestion in the laboratory. Other metals
such as antimony, arsenic, beryllium, cadmaum, cobalt, selenium, silver, thallium, and vanadium are
not common contaminants and generally are quantitated just above the MDL and are usually false
positives associated with instrument noise.

Samples were qualified for metallic blank contamination on an SDG applicable basis and not
globally. Any sample concentration falhng under the five times blank rule was qualified as not
detected. Affected samples can be examined in Attachment A.

Matrix Effects

Surrogate Spike Recovery

Surrogate spike compounds were added to every sample analyzed for the organic parameters
including field and laboratory blanks as well as field environmental samples Surrogate spikes
consist of organic compounds which are slrmlar to the method targets in chemical composition and
behavior in the analytical process, but which are not normally found m environmental samples.

Surrogate spike recoveries were used to monitor both laboratory performance and matrix
interferences. Surrogate spike recoveries from field and laboratory blanks were used to evaluate
laboratory performance because the blanks should represent an "ideal" sample matnx. Surrogate
spike recoveries for field samples were used to evaluate the potential for matrix interferences.
According to Functional Guidelines, data are not qualified with respect to surrogate recoveries
unless one or more volatile surrogates are out of specifications. Semivolatiles are not qualified unless
two or more surrogates, within the same fraction (base/neutral or acid fraction), are out 
specification.

As each data package was reviewed, the surrogate spike recoveries were compared to the QC target
hmits summarized in Table C.4-3.

Surrogate recoveries were well within method acceptance ranges. No VOC samples were qualified
due to unacceptable surrogate recoveries. A greater variation (and hence broader range of
recoveries) m surrogate spike recovery was observed for the SVOC analyses, but this is typical and Is
reflected by the broader method target acceptance limits. Again, recoveries for the SVOC’s were
mostly well within control limits. One pesticlde/PCB sample, one 8270 SVOC re-extraction, and ten
8100 PAH samples were quahfied as estimated for surrogate recoveries outside control hmtts. The
recoveries indicate that the matrix did not influence the analytical method or the final
analyhcal result.
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Mi~trix Spike~Matrix Spike Duplicate Precision and Accuracy

A matrix spike is an aliquot of sample spiked with a known concentration of target analyte(s). The
spiking occurs prior to sample preparahon and analysis. A matrix spike is used to docurhent the bias

¯ ] .of a method m a given sample matrix¯ The matrix sptke duplicate is an mtralaboratory-spht sample
spiked with identical concentrations of target analyte(s). The spiking occurs prior to sample
preparauon and analysis. They are used to document the prectslon and Inas of a method m a given
sample matrix. For the MS/MSD measurement, three ahquots of a single sample are a~alyzed; one
native sample and two spiked with target analytes or compounds Matrix accuracy is e’~aluated from
the splke recoveries, while precision is evaluated from comparison of the percent recoveries of the
MS and MSD. All MS,rMSD precision and accuracy results are listed in Table C 4-4. I

Orgamc results are not qualified upon the results of MS/MSD results alone¯ Evaluatiofi is in
conjunction with surrogate and internal standard 0f apphcable) results. Additionally, many

MS/MSD samples require dilution and thus the spike compounds added are dduted outland able tobe
evaluated¯ The majority of the accuracy and precision results were well within estabhshed criteria,
ln&catmg that the specific sample matrix did not influence the overall analytical process or the final
numerical sample result¯ No organic methods reqmred qualification due to the MS/MSD precision
and accuracy measurements indicating that the matrix did not influence the method or the final
analytical result.

Inorgamc results may be qualified solely upon the results of the matrix spike/matrix spike duplicate
¯ . ¯ ]

precision and accuracy. Instances where the native sample concentration for a given element exceeds

the spike added concentration by a factor of four or more are disregarded as the spike added would
be masked by the naUve concentration This phenomenon often occurs in a soil matrix]for common
elements such as iron and aluminum. According to Functional Guidelines, metals reco~venes of less
than 30 percent for a given element require all associated non-detects to be rejected This was the
case for 34 antimony results¯ Any recovery greater than 30% and outside the 75-125%]recovery
control limits are required to be flagged as estimated. Precision requirements for soils and waters are

35 and 20 relative percent difference (RPD), respectively. As Table C.4-4 m&cates,lthe majorityat

of the accuracy and precision results were well within estabhshed criteria, indicating that’ the specific
¯ ¯ ¯ ]

sample matrix did not influence the overall analytical process or the final numerical sample result.

Field Duplicate Sample Results

Field duplicate analyses measure both field and laboratory precision and can also be affected by the
¯ ¯ I ¯

homogeneity of the samples. Therefore the results may have more varmblhty than lab duphcates,
¯ , ]

which measure only lab performance. According to the EPA Functional Guldehnes, there are no
¯ ¯ I

qualification criteria for field duplicate precision¯ Field duphcate results are summarized in Table
C.4-5.

Dependent upon the method, there were up to 18 sets of field duphcates collected durn g this field
effort Both the naUve and duplicate samples were analyzed for the same parameters¯

An aqueous control limit of+ 20% for the RPD was used for original and duphcate sa) ple values
greater than or equal to five times the RL. Solid samples utilized a control limit of 35 RPD. A
control limit of + the RL was used if either the sample for the duplicate value was less than five times
the RL for waters and 2 times the RL for soils. In the cases where only one result is above the five

times the RL level and the other is below, the + RL criteria were applied Table C.4-5 includes a
summary of the field duplicate measurements and their associated precision staUsUc Statistics
outside criteria are highhghted in gray.
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Six field duplicate sets contained at least one, but no more than three parameters outside precision
cnterla One field duplicate set (MIA313) contained six parameters outside precision criteria.

The 18 field duplicates produced a total of 434 results of which 17 did not meet acceptance criteria.
Thus, the precision data (96% complete) in&cate that matrtx heterogeneity and sampling technique
did not greatly mfluence the final numerical result.

Sample Results for Metals Near the Method Detection Limit (MDL) J
,?

The samples were primarily analyzed for the TAL hst of metals or a sub-set thereof. The MDL is
defied as the rmnimum concentration of an analyte that can be identified, measured, and reported
with 99% confidence that the analyte concentration is greater than zero. Sample results at, or near,
the MDL may be false positives caused by instrument noise or low-level background shifts rather
than a true analyte signal. Addltlonally, concentrations reported at up to 5 times the MDL should be
recognized as lacking accuracy or precision.

PARCCs

Precision--is defined as the agreement between duphcate results, and was estimated by comparmg
duplicate matrix spike recoveries and field duphcate sample results. MS/MSD premsion was
documented as well within control limit criteria Other than the documented exceptions, the
precision between native and field duplicate sample results were within acceptable critena for 96%
of the measurements in&cating that sample matrtx did not significantly interfere with the overall
analyucal process.

Accuracy--is a measure of the agreement between an expenmental determination and the true value
of the parameter being measured. For the organic analyses, each of the samples was spiked with a
surrogate compound; and for organic and inorgamc analyses a MS, MSD, and LCS were spiked with
a known reference material before preparation. Each of these approaches provides a measure of the
matrix effects on the analytical accuracy. The LCS results demonstrate accuracy of the method and
the laboratory’s to meet the method criteria. MS/MSD results establish precision and accuracy of the
matrix. Spike recoveries were within the method acceptance limits for the majority of the
measurements; therefore, other than the documented exceptions, there was no evidence of significant
matrix interferences that would affect the usability of the data.

Representativeness--this criteria is a qualitative measure of the degree to which sample data
accurately and precisely represent a characteristic environmental condition. Representativeness is a
subjective parameter and is used to evaluate the efficacy of the samphng plan design.
Representativeness was demonstrated by providing full descnptions in the project scoping documents
of the sampling techmques and the rationale used for selecting sampling locations.

Completeness--is defined as the percentage of measurements that are judged to be valid compared to
the to total number of measurements made Other than the 34 antimony results rejected, only
dilutions and re-extractions were rejected. Any dilution or re-extraction which were rejected was
because a sample can only have a single numerical result for each target. A goal of 90 percent usable
data was established in the project scoping document and 95.2% percent of the data was deterrmned
to be valid.

Comparability--is another quahtatlve measure designed to express the confidence with which one
data set may be compared to another. Factors that affect comparability are sample collection and
handhng techmques, sample matrix type, and analytical method. Comparabdity is linuted by the
other PARCC parameters because data sets can be compared with confidence only when precision
and accuracy are known. Data from this mvestlgatlon are comparable with other data collected at the
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site because only EPA methods were used to analyze the sample and EPA Level 1II QCldata are
available to support the quality of the data¯

I

Summary and Conclusions i
Conclusions of the data quality evaluation process Include:

¯ The laboratory analyzed the samples according to the EPA methods stated m the work plan as
demonstrated by the dehverable summaries and analytical run sequences ]

¯ I
¯ Concentrations of acetone, chloroform, methylene chloride, DI-n-butyl phthalate, and BEHP,

should all be attributed to field samphng and laboratory contamination rather than environmental
contamination and all samples results were flagged as non-detected for these parameters. Several
metals were quahfied as not detected on an SDG by SDG basis as appropriate. ]

¯ Sample results for metals above the MDL but less than the RL may be attributed toI instrument
norse and/or low level contamination and not site-related activities and as such may be false
positives.

!¯ Sample results for target organic compounds above the MDL but less than the RL hould be
¯ I

considered as uncertain but indicative of the presence of that compound at an estimated
concentration

¯ Spike recoveries and duplicate sample results (other than the detailed exceptions the text)
indicate that the specific sample matrix did not interfere with the analytical process.

The project objectives or PARCCs were met, and the data can be used in the project dgcision-makmg
process as qualified by the data quality evaluation process.
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TABLE C.4-2

Frequency of Detection in Blanks ,,,t~.
Memphis Depot Mam InstallaPon RI " ~.*

- ,r

MIn MOX

Sample Anal’/tl¢ ol Number Ngmbel Min Max DetecRon Detection

Type MethOd Potometof Analyzed Detected Detected Detected Umit UmR UnIN

LB Sw601O r~LUMINUM 11 ¢ Q ~79 o 7? 079 mq/kg

LB SW~0~0 ALUMINUM II 9~7 7’~ 79O ug/L
FB SW6010 ALUMINUM 3 2 103 27 8 790 7QO uo/L
EB SW6OlO ALUMINUM 13 8 790 790 ua/L

LB SW6Ol O ANTIMONY 18 6 J3 384 0 252 017 0~7 rnalko
FB SW6010 ANTIMONY I 70 i 70 uolL

LB SW6010 ANTIMQNY -~59 ~77 I 70 1890 ug/L

EB SW6olO ANTIMQNY 17 4 1 70 I 70 vg/l’
FS SW6010 ARSENIC I 16 16 1 40 1 40 ua/L
EB SW6010 AI~ENIC 17 23 23 1 40 1 40

LB SW6010 BERYLLIUM 18 16 43(304 0017 O00 000 molko

FB SW6Ol 0 BERYLLIUM 3 3 0 05 O09 0 03 O 03 ua/L
E3 SW0Ol0 BERYLLIUM 17 15 002 013 O 02 003 uolL

L5 SW0OlO BERYLLIUM 15 15 43 74 016 0O3 010 uo/L

l’B swcq~O CADMIUM 18 9 ~1031 0012 OOl 00~ mo/ko

LB EWe010 CADMIUM 15 3 011 011 OO9 29O ua/L

LB SW0Ol O CALCIUM 11 6 333 8 253 237 237 malka

LB SW6Ol O CALCIUM 11 3109 3109 23 70 23 72 ua/L
FB SW0Ol O CALCIUM 3 3 34 41 2 23 70 23 70 uo/L

EB SW0OI0 CALCIUM 13 I0 26 l 73 7 23 70 23 70 ua/L

L5 SW0OI0 CHROMIUM TOTAL 18 12 0 103 O 178 010 010 mo/ko

EB ~WbO10 CHROMIUM TOTAL 17 4 I 04 12 100 100 ua/L

FB SW6010 CHROMIUM TOTAL 2 15 100 I® vqlt

LB ~W0Ol0 COBALT 11 OO54 0054 B O5 O O5 mo/ko

LE ~w~ql0 COBALT II 3 051 051 O50 050 uo/L
F5 ~w~10 COBALT 3 2 052 0 69 O50 O50 uo/L

EB SW6010 COBALT 3 O 59 082 O5O o 50 uo/L

LB EW6QI0 COPPER 18 4 43219 0 275 OlO Oi0 mo/ko

L3 SW6Ol 0 COPPER 15 9 1 39 l 95 IO0 1 20 uo/L

EB SW0OlO COpp~r~ 17 7 91 10O 1 0O uo/L

LB SW001O Ir’~DN I1 II ~0~2 1 715 036 0 36 ma/ka

EB ~wc01q IRON 13 4 78 132 360 360 uo/l

LB SW0Ol 0 IRON II 1435 1435 3 6O 30O uo/L
FB SW6010 IRQN 2 66 tO5 360 360 uo/L

LB SW6010 LEAD 18 6 0211 013 013 ma/ko

E5 ~.EAD 17 1B Ia I ~0 i 30 uo/L

L’B MAGNESIUM I1 9 -2 445 251 O 62 062 mo/ko

F8 SW6010 MAGN~$5~M 2 174 18 I 6 20 6 20 uo/L

EB SW6Ol0 MAGNESIUM 13 8 68 2O 620 620 uo/L

LB $W6OI0 MANGANESE I1 6 4356 0129 005 005 ma/ka

EB SW6010 MANSANESE 13 3 O53 0 85 O50 0 53 ua/L

FB SW6010 MANGANESE 3 2 0 83 097 O5O O 53 ua/L
L5 SW6OlO NICKEL 18 7 0031 O 038 003 0 03 ma/ko

EB SW6OIO NrCKEL 17 I 032 032 0 30 032 uo/L

LB SW6010 SELENrUM 18 8 43356 O 264 016 016 mOl~Q
LB $w~019 SELENIUM 15 9 -1 97 32 160 31 10 ua/L

LB SW60~O SILVER 15 1 O05 OO5 0 05 005 ma/ka

LB SW6010 SODIUM 11 7 25011 67 457 ii 42 1142 mo/ka

LB SW6010 SODIUM II 11 3(:0 33 386 06 11420 11420 uo/L
FB SW6010 SOD{UM 3 3 3O9 415 11420 11420 uo/L
EB SW~01O SODtUM 13 13 2OO 24700 11420 11420 uo/L

E5 SW~I0 THALLIUM 17 1 16 16 160 160 uO/L
LB SW6OlO VANADIUM I1 5 43 087 OO3 003 O 03 mO/ko

LB SW6Ol0 VANADIUM ll 4 O 34 041 030 031 uo/L

ES SW6Ol0 VANADIUM 13 2 0 44 081 0 30 031 uofL
LB sw6010 Z~NC 18 7 ~214 I 258 011 011 mo/ka

FB EW6010 ZINC 3 2 19 3 1 lO II0 uo/L

LB SW6OlO ZINC 7 1 26 3 1 10 4 70 UO/L

EB SW6Ol0 ZINC 17 14 12 23 6 llO 110 uo/L

FB SW7470 MERCURY 3 1 OO9 0 09 oO9 011 uOIL

EB SW7470 MEr~CURY 17 1 01 01 00B 011 ualL

EE ~w82¢~ ACETONE 12 5 8 100O 100(3 uolL

EB SW8260 ACETONE 3 8 8 1000 IO00 uo/L

LB SW8260 ACETONE 18 I1 57 IO0O 5OOOO uolko

EB sw82~o CHLOROFORM 12 2 1 10 10 ua/L

EB SWB26O METHYL ETHYl, KETONE (2-BUTANONE3 12 2 3 4 iO0o 1OOO ua/L

~B 5W8260 M~HYLENE CHLORIDE 12 I t 10 10 uO/L

LB SW8260 METHYLEN~ CHLORIDE 13 2 1 10 10 uolL

LB SW3260 METHYLENE CHLORIDE 18 5 1 5 iOOO 600O0 uo/ka

EB SWOl¢O TOLUENE 12 1 1 1 t0 10 vg/L

LB 5w(~77o b~S(2-ETHYLHEXYD PHTHALATE 6 2 2 2 iOOO IO0O ualL

EB SW5270 b=}f~-ETHYLHEXYL) PHTHALATE 6 4 i 4 I00O 1OOO uo/L

ES 3w8270 DFn-BUTYL PHTHALATE 6 1 10 10 ua/L

EB SW8270 DI-~-BUTYL PHTHALAT~ 6 I I I 10 10 uo/L

LB SW8270 DI-n-BUT’/L PHTHALATE 6 I 10 I0 uq/L

LB SW5270 DI- r’,-BUTY L PHTHALATE 6 4 l I0 I0 uo/L

LB SW8270 DI-n-BUTYL PHTHALATE 13 II 35 6O 330 0O ua/ko
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ATTACHMENT A

Changes in Quahflers Due to the Data Vahdabon Process

Memphis Depot Mare/neta/latton RI

Analyhcal Final Lab Final

Matrix Sample ID Lab Sample ID Method ~rameter Result Qual Qual Det IJrt~t~ UnlJS Qual Reasor

WS MIA018 MG682001 SW6010 ALUMINUM 387 TR U 79 u~/L BL

WS MIAO19FD MG682OO2 SW6010 ALUMINUM 39 I TR U 79 u~tE BL

WS MIAO22 MG~20O4 SW601O ALUMINUM 49 5 TR U 79 uqt’L BL

SE MIA015 MG682018 SW6010 ANTIMONY 0 89 TR U O34 mq/k~ BL

SE MIAO26FD MG682008 SW6010 ANTIMONY 0 26 TR U 0 25 ma/ka BL

SS MIAO01 MGb720D1 SW6010 ANTIMONY 13 TR U 019 mqfkq BL

~8 MIA0O3 MG6720D5 S~V6010 ANTIMONY 056 TR U 021 mg/kq BL

SS MIAG06 MG67R006 ~601O ANTIMONY 0 32 TR U 019 mF!/ka BL

WS MIA011 MG682014 SWBOIO ANTIMONY 41 TR U 17 uq/L BL

WS MIA012 MG682015 SW6010 ANTIMONY S TR U 17 ug/L BL

WS MIA016 MG682019 SW6010 ANTIMONY 3 TR U 17 u~/L BL

WS MIA017 MG682O20 SW6010 ANTIMONY 39 TR U 17 u~/L BL

WS MIA01B MG682001 SW6010 ANTIMONY 5 TR U 17 uCl/L BL

WS MIA019FD MG682002 SW6010 ANTIMONY 3 TR U 17 uq/L BL

WS MIAO21 MG682003 SW6010 ANTIMONY 47 TR U 17 uq/L BL

WS MIA022 MG6820O4 SW6010 ANTIMONY 61 TR U 17 uq/L BL

WS MIA007 MG682011 SW6010 ARSENtC 158 U 14 u~/L BL

WS MIAO12 MG682015 SW6010 ARSENIC 169 U 14 u#/L BL

WS MIA01B MG682019 SW6010 ARSENIC 34 U 14 u~/E BL

WS MIA017 MG682O20 SW6010 ARSENIC 34 TR U 14 u~/L BL

WS MIA018 MG682001 SW6010 ARSENIC 34 TR U 14 u~/L BL

WS MIA019FD MG682002 SW6OI0 ARSENIC 25 TR U 14 uq/L BL

WS MIA021 MG682003 SW6010 ARSENIC 26 TR U 14 uq/L BL

WS MIAO22 MG68200,4 SW6010 ARSENIC 29 TR U 14 uq/L BE

SB MIA1B1 MG730O22 SW601O BERYLLIUM O09 TR U 00O97 I m~/kfl BL

SB MIA]52 MG730033 SW6010 BERYLUUM ooi TR U 00O27 I mq/kQ BL

WS MIAO27 MG682011 SW6010 BERYLLIUM 0O3 TR U 0 O25 uq/L BL

WS MIA011 MG682014 SW6010 BERYLLIUM O04 TR U 0O25 uq/L BL

WS MIAB12 MG682015 SW6010 BERYLLIUM OO4 TR U O 025 uq/L BL

WS MIAOI6 MG682019 SW601O BERYLLIUM 0 07 TR U, O O25 uR/L BL

WS MIA017 MG682O20 SW601O BERYLLIUM OO6 TR U OO25 uR/L BL

WS MtAO18 MG682CO1 SW6010 BERYLLIUM OO6 TR U 0O25 ua/L BL

WS MlAO19FD MG682CO2 SW6010 BERYLLIUM OO4 TR U 0025 ua/L BL

WS MIAO21 MG682~03 SW6010 BERYLLIUM OO4 TR U 0 025 ualL BL

WS MIA022 MG68200,4 SW6010 BERYLLIUM O02 TR U OO2 u#/E BL

SS MIAOEOFD ivIG711009 SW6010 CADMIUM O05 TR U 00091, mq/kq BL

SS MIA051 MGTI 1Ol0 SW6010 CADMIUM OO3 TR U OOO921 mq/kg BL

SS MIA353 MG723024 SW6010 CADMIUM 0Oi TR U 0 O093 mq/k~] BL

SS MIA3O4 MG723O25 SW601O CADMIUM 0O9 TR U 08092’ mq/kq BL

WS MIA007 MG682011 SW6010 COBALT 0 59 TR U 0S uq/L BL

WS M~A016 MG682019 SW6010 COBALT 051 TR U 05 u~/L BL

SB MIA152 MG730033 SW6010 COPPER 14 TR U 011 mR/kR BL

WS MIA007 MG682011 SW6010 COPPER 24 TR U 1 u~/L BL

WS M~A011 MG682014 SW6010 COPPER 28 TR U 1 uq/L BL

WS MIA012 MG682015 SW6010 COPPER 24 TR U 1 u~l/L BL

WS MIA016 MG582019 SW6010 COPPER 17 TR U I uq/L BL

WS MIA017 MG582020 SW6010 COPPER 49 TR U 1 uflfL BL

WS MIAOl 8 MG682CO1 SW6010 COPPER 42 TR U 1 ufl/L BL

WS MIA019FD MG682~02 SW6010 COPPER 19 TR U 1 uq/L BL

WS MIAO21 MG682003 SW601O COPPER 21 TR U 1 uqfL BL

WS MIAO22 MG682CO4 SW6010 COPPER 24 TR U 1 ua/L BL

WS MIAB07 MG682011 SW6010 LEAD 2 TR U 13 uq/L BL

WS MIAOI I MG682014 SW6010 LEAD 17 TR U 13 uq/L BL

WS MIA012 MG682015 SW6010 LEAD 18 TR U 13 uq/L BL

WS MIA018 MG682001 SW601O LEAD 19 TR U 13 uq/L BL

WS MIA019FD MG682002 SW6010 LEAD 14 TR U 13 ua/L BL

WS MIAO22 MG682004 SW6010 LEAD 28 TR U 13 u#/L BL

WS MIA007 MG682011 SW6010 NICKEL 11 TR U 032 ua/L BL

WS MIA011 MG682014 SW6010 NICKEL 21 TR U O 32 ua/L BL

WS MIA012 MG682015 SW6010 NICKEL I TR U 0 32 uq/L BL

WS MIAO16 MG682019 SW6010 NICKEL 0 33 TR U O 32 u~/L BL

WS MIAOl 7 MG682020 SW6010 NICKEL O58 TR U 0 32 uq/L BL

WS MIA019FD MG682002 SW6010 NICKEL O 67 TR U 0 32 uq/L BL

WS MIAO21 MG682003 SW6010 NICKEL 16 TR U 0 32 uq/L BL

WS MIAO22 MG6820O4 SWa010 NICKEL 064 TR U O 32 uq/L BL

SB MIAO74 MG743012 SW6010 SELENIUM 12 U 019 mq/kq BL

SB MIAO76 MG743014 SW6010 SELENIUM 1 U O2 mq/kq BL

SS MIA125 MG743O20 SvWO10 SELENIUM 12 U O2 mq/kq BL

SB MIA127 MG743D22 SW6010 SELENIUM 0 96 U 02 malka BL

SS MIA134 MG743O23 SW6010 SELENIUM 11 U 019 m~q/kq BL

SS MIA137 MG743002 SW6010 SELENIUM 0 87 U 019 mq/kq BL
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ATTACHMENT A

Changes in Qualifiers Due to the Data Vahdabon Process

Memphts Depot Mare Installation RI

Analyhcal Final Lab Final

Marx Sample ID Lab Sample ID Method Parameter Result Qual Qual Det Limit Unds Quol ReCISO~

SS M~A138 MG743003 SW6010 SELENIUM 13 U 019 mq[kq BL
SS MIA139FD MG743004 SW6010 SELENIUM 12 U 0 19 mq/ka BL
SS M~A141 MG743008 SW6010 SELENIUM 076 U 0 18 ’mq/k~ BL
SS MtA142 MG743006 SW6010 SELENIUM O84 U 0 19 rn~fkfl BL

SS MIA143 MG743007 SW6010 SELENIUM 075 U 0 19 mqfkq BL
$8 MIAt44 MG743008 SW6010 SELENIUM 0 85 U 018 mqfkq BE
SS MIAt45 MG743009 SW6010 SELENIUM 09 U OlB mqt’kq BL
SS MIA222 MG776005 SW6010 SELENIUM 0 97 U 0 19 rn~/k~ BL
SS MIA223FD MG776006 SW6010 SELENIUM 0 89 U 0 19 BL
SS MIA228 MG77~I0 SW6010 SELENIUM 12 U O 19 m~lkFl BL
SS MIA229 MG7760H SW6010 SELENIUM 13 U 019 mq/kq BL
SS MIA230 MG7760~2 SW6010 SELENIUM 13 U 019 mqt*kq BL
SS MIA23t FD MG776013 SW60lO SELENIUM 12 U 019 mq/kq BL
SS MIA237 MG7760t7 SW~OlO SELENIUM O 72 U 017 mq/kq BL
SS MIA240 MG776020 SW6010 SELENIUM 1 U 017 mqlkq BL
SS MIA253 MG776022 SWCOI0 SELENIUM 11 U 018 mqlkq BL
SS MIA254 MG776023 SWCOI0 SELENIUM 0 78 U 019 rnq/kq BL
SS MIA256 MG776025 SW6010 SELENIUM 0 87 U 017 n~/kq BL
SS MIA259 MG776028 SW6010 SELENIUM 13 U 017 rT~t’kq BL
SS MIA250 MG776029 SW6010 SELENIUM 0 67 U 019 rT~/kq BL
SS MIA242 MG777003 SW6010 SELENIUM 19 U 0 35 rr~lk~ BL
SS MIA248 MG777008 SW6010 SELENIUM 1 U 018 mq/k~ BL
SS MIA249 MG777009 SW6010 SELENIUM 13 U 042 rnq/kq BL
SS MIA251 MG777011 SW~OI0 SELENIUM O63 U 019 rnq/kq BL
SS MIA280 MG777017 SW6010 SELENIUM 0 96 U O2 m~/kq BE=

SB M~A126 MG743021 SW6010 SELENIUM O29 TR U O2 m#lkq BL
SE MIA023 MG~2005 SW6010 SELENIUM O54 TR U 021 m~t’k~ BL
SS MIA252 MG776021 SW6010 SELENIUM 13 TR U 0 83 rn~/kq BL
SS MlA255 MG776024 SW601O SELENIUM 12 TR U 0 83 rnq/kq BL
SS MIA244 MG777004 SW6010 SELENIUM 0 26 T9 U 018 rT~/kq BL
SS MIA247 MG777007 SW6010 SELENIUM 0 28 T# U 018 mq/kq BL
$S M~A250 MG777010 SW6010 SELENIUM O36 TR U 018 rT’~/kq BL
SS MIA263 MG777014 SW6010 SELENIUM O54 TR U 0 35 mq/kq BE
&S MIA278FD MG777016 SW5010 SELENIUM 044 TR U 019 mqlkq BL
SS MIA284 MG777021 SW6010 SELENIUM 051 TR U 018 mq/kq BL
SS MIA28,5 MG777022 SW6010 SELENIUM O 28 TR U 019 rT’,q/kq BL
SS MIA286 MG777023 SW6010 SELENIUM 031 IR U O2 m~lkq BL
SS MIA288 MG777025 SW6010 SELENIUM 0 32 TR U 02 n~/k~ BL
SS MIA227 MG776009 SW601O SELENIUM 041 TR U 018 mq/kn BL
WS MIA0I l MG68201,~ SW6010 SELENIUM 17 TR U 16 uq/L BL
WS MIA018 MG682~1 SW6010 SELENIUM 26 TR U 16 uq/L BL
WS MIA019FD MG682C02 SW6010 SELENIUM 46 TR U t6 u~lL BL
WS MIA02I MG~2803 Sw6010 SELENIUM 28 TR U 16 u#fL BL
SB MIA074 MG743012 SW6010 SODIUM 116 TR U 138 r~/k~ BL
SB MIA075 MG743013 SW6010 SODIUM 242 TR U 14 m~/kq BL
SB MIA076 MG743014 SW6010 SODIUM }25 TR U 14 1 m~/kq BL
SB MIAO99 MG767002 SW~010 SODIUM 93 2 TR U 144 rnq/kq BL
SB MIA177 MG767006 SWS010 SODIUM 146 TR U M5 mqt’kq BL
SB MIA178 MG767007 Sw6010 SODIUM 567 TR U 14 1 mA{kq BL
SB MIAlSO MG767009 SW6010 SODIUM 223 TR U 139 mq{kq BL
SB MIA182 MG767011 SW6010 SODIUM 178 TR U 144 rnQlkq BL
SB MIA184 MG767013 SW601O SODIUM 112 TR U 14 1 m,~/k~ BL
SE MIA014 MG6~2017 SW6010 SODIUM 112 TR U 169 rr~t’k~ BL
SE MIA015 MG682018 sw~olO SODIUM 136 T# U 22 9 mq/k~ BL
SE MIA023 MG682005 SW~1O SODIUM 99 TR U 15 rn~/kn BL
SE MIA~4 MG682006 SW6010 SODIUM 132 T~ U 15 m~/kq BL
SE MIAO26FD MG682008 SW(:OIO SODIUM 138 TR U 166 mq/kq BL
SE MIAD’27 MG~20D9 Sw601O SODIUM 51 4 TR U 147 m~llkq BL
SS MIA005 MG6720[],5 SW601O SODIUM 685 TR U 138 mqt’kq BL
SS MIA006 MG672006 SW6010 SODIUM 105 TR U 128 mqlkq BL

MIAO~2 MG6950G4 SW6010 SODIUM 158 TR U 127 mq/kq BL
MIA037 MG695008 SW6010 SODIUM 95 5 TR U 13 mqlkFl BL

SS MIA045 MG711004 SW6010 SODIUM 117 TR U 124 mq/kq BL
SS MIAQ48 MG7ll~7 SW6010 SODIUM 150 TR U 126 mq/kq BL
SS MIA049 MG711008 SW6010 SODIUM 95 2 TR U 123 mqlkq BL
SS MIAOEOFD MG711009 SW6010 SODIUM 87 8 TR U 123 mq/kq BL
SS MIA051 MG711010 SW6010 SODIUM 150 TR U 124 mq/kq BL
SS MIA134 MG743023 SW6010 SODIUM 1(10 TR U 137 rnq/kq BL
SS MIA137 MG743G02 SW6010 SODIUM 109 TR U 133 mqlkq BL
SS MIA138 MG743003 SW6010 SODIUM 131 TR U 135 mqfkq BL
SS MIA139FD MG743004 SW6010 SODIUM 9O7 1R U 135 mQlko BL
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ATrACHMENT A

Changes in Qualifiers Due to the Data Vahdatlon Process

Memphis Depot Mare/nsta//atlon RI

Analytical Final Lob FinOl

Moffix Sample ID Lab Sample ID Method Porometer Result Quol Quol Det Umit Units Qual Reason

SS MIA141 MG743005 SW601O SODIUM 875 TR U 131 m~/kq BL

SS MIAI42 MG743006 SW6010 SODIUM 98 9 TR U 133 J ma/ka BL

SS MIAt43 MG743007 SW6010 SODIUM 569 TR U 135 ] mqlkq BL

SS MIA J44 MG743[]O5 SW6010 SODIUM 807 TR U 128 ! rn~/k~ BL

SS MIA328FD MG757O51 SW601O SODIUM 504 TR U 125 I rn~/k~ BL

SS MIA098 MG767O51 SW601O SODIUM 182 TR U 134 m~/k~ BL

SS MIA174 MG7670O3 SW601O SODIUM 85 4 TR U 127 ’ m.q/kF1 8L

SS MIA179 MG767GO5 SW6010 SODIUM I05 TR U 127 mq/k~ BL

5S MIA183 MG767012 SW~10 SODIUM 87 5 TR U 12 1 m~/k~ BL

SS MIA188 MG770001 SW6~10 SODIUM 182 TR U 12 mq/kq BL

SS MIA189FD MG7700D2 SW6010 SODIUM 265 TR U 121 ma/ka BL

SS MIA193 MG7700O5 S’W6010 SODIUM 113 TR U 134 I mq/kq BL

SS MIA275 MG77B001 5W6010 SODIUM 155 TR U 123 ma/ka BL

SS MtA128 MG785001 SW6010 SODIUM 27 4 TR U 132 I n~/kq BL

SS M~A129FD MG 7850O2 SW6010 SODIUM 51 TR U 132 mq/kF~ BL

SS MIA132 MG785QO3 5W6010 SODIUM 636 TR U 13 m~/k~ BL

SS MIA3O2 MG785013 SW6010 SODIUM 904 TR U 137 rn~/k~ BL

SS MIA303 MG785014 SW6010 SODIUM 53 TR U 137 I mq/k~ BL

SS MIA304 MG785015 SW6010 SODIUM 122 TR U 139 I m~tkq BL

SE MIAO28 MG682010 SW5010 SODIUM 101 TR U 22 I mqikq BL

WS MIA007 MG682Oll SW6010 SODIUM 1140 TR U 1142 : uq/L BL

WS MIA011 MG682014 SW6010 SODIUM 1290 TR U 1142 uq/L BL

WS MIA012 MG682015 SW6010 SODIUM 992 TR U 1142 I uq/L BL

WS MIA016 MG682019 SW6~10 SODIUM 846 TR U 1142 I uq/L BL

WS MIA017 MG682020 SW6010 SODIUM 958 TR U 1142 uq/L BL

WS MIA018 MG682001 SW6010 SODIUM 79O TR U 114 2 I uQ/L BL

WS MIA019FD MG682002 SW6010 SODIUM 735 TR U 1142 ! uq/L BL

WS MIA021 MG682C03 SW601O SODIUM 755 TR U 1142 I ua/L BL

WS MIA022 MG682O04 SW6010 SODIUM 737 TR U 1142 I u~/L BL

SB MIA074 MG743012 SW601O THALLIUM 0 42 TR U 019 mqt’kq BL

SB MIA184 MG767013 SW6010 THALLIUM 0 69 TR U O2 I mq/kq BL

SS MlA347 MG723021 DN6010 THALLIUM O3 TR U 023 I mo/ka BL

SS M~A332 MG757O54 5W6010 THALLIUM 0 24 TR U 019 ma/ka BL

,% MtA336 MG7570O5 SW6010 THALLIUM 02 TR U 019 i rn~/k9 BL

WS MiAO19FD MG682002 SWb010 THALLIUM 43 TR U 16 I u~/L BL

WS MIA012 MG682015 SW6010 VANADIUM 39 TR U 031 q u¢VL BL

WS MIA016 MG682019 SW6010 VANADIUM 055 TR U 031 I u~fL BL

WS MIAO17 MG68202O SW6010 VANADIUM 031 TR U 031 I ua/L BL

WS MIA018 MG682O01 SW6010 VANADIUM O7 TR U 031 ua/L BL

WS MIA019FD MG682002 SW6010 VANADIUM 0 35 TR U 031 , u~/L 8L

WS MIA022 MG68200,4 SW6010 VANADIUM 047 TR U 031 I uq/L BL

WS MIA007 MG682011 SW6010 ZINC 4 TR U 11 , uq/L BL

WS M~A011 MG682O14 SW6010 ZINC 41 TR U 11 J u~/L BL

WS MIA018 MG682001 ~W~IO ZINC 95 TR U u~/L BL

WS MLA019FD MG6820O2 SW6010 ZINC 91 TR U It I uR/L BL

SE MIA023 MG682O25 SW7471 MERCURY OO5 U 0022, mq/kq BL

SE MIAO25 MG682O57 SW7471 MERCURY 0O5 U 0O24 r~l~ BL

SS MIA006 MG672006 SW7471 MERCURY OO5 U 0 019 I ma/ka BL

SE MIAO26FD MG68200B SW7471 MERCURY 003 U 0O241 m~Ika BL

SE MIA027 MG682O59 SW7471 MERCURY OO3 TR U 0021 I ma/ka BL

SS MIA159 MG756~07 SW7471 MERCURY 0O3 TR U 00191 mq/kq BL

SB MIA177 MG767C06 5"W8260 2-BUTANONE 16 U uq/kq BL

SB MIA180 MG767009 SW8260 2-BUTANONE 17 U 11 I u,~/kq BL

SS MIA174 MG767003 SW8260 2-BUTANONE 52 U 9 I u~/k# BL

SS MIA179 MG767008 SW8260 2-BUTANONE 58 U 9 I uq/k# BL

SS MIAI85 MG767012 SW82~O 2-BUTANONE 17 BL= U 9 I u~Ik~l

SB MIA099 MG767002 SW8260 2-BUTANONE 11 J U uqtk¢l BL

SB MIAI78 MG767O57 SW8260 2-BUTANONE 11 J U 11 I uq/kq BL

SB MIA181 MG767010 SW8260 2-BUTANONE 11 J U 11 ! uq/kn BL

SB MIA182 MG767011 SW8260 2-BUTANONE 12 J U 12 I uqlk¢] BL

SB MIA184 MG767013 SW8260 2-BUTANONE 11 J U uq/k,~ BL

$$ MIA09S MG767001 SW8260 2 BUTANONE lO J U 10 I u#/kfl BL

SB MIA099 MG767002 SW8260 ACETONE 14 U 11 I uq/kq BL

SB MIA177 MG767O56 SW8260 ACETONE 78 U 11 I uq/kq BL

SB MIA178 MG767O57 SW8260 ACETONE 33 U 111 uFVkq BL

SB MIA180 MG767009 SW8260 ACETONE 9O U 11 I u~Ikq BL

SB MIA181 MG767010 SW8260 ACETONE 41 U 111 u~/kq BL

SB MIAI82 MG767011 SW8260 ACETONE 3S U 12 I uq/kq BL

SB MIA184 MG767013 SW8260 ACETONE 2O U 11 uq/kq 8L

SE MIAO23 MG6820D5 SW8260 ACETONE 13 U 12 ualka BL

SE MIA024 MG6820O5 SW8260 ACETONE 17 U 13 I u~fkq BL
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ATTACHMENT A

Changes in Quahfiers Due to the Data Validation Process

Memphis Depot Main Installation RI ~,"

Analytical Flnol Lab Final

Maffix Sample ID Lab Sample ID Method P~fQtnoto~* Relult Qual Qual Det brat urals" ’ ~ual ROQSC~I

SE MIA025 MG682007 SWB230 ACETONE 33 U 13 uq/kq BL
SE MIAO26FD MG682008 SW8230 ACETONE 45 U 16 uR/kp BL
SS MIA327 MG756027 SW8230 ACETONE 35 U 9 u~/kR BL

SS MIA328FD MG757001 SW8260 ACETONE 46 U 10 uqlkR BL
SS MIA098 MG767001 SW8260 ACETONE 52 U 10 uq/k~ BL

SS MIA174 MG767003 SW8230 ACETONE 3OO U 9 ua/ka BL
SS MIA179 MG767098 SW8260 ACETONE 32O U 9 u~/kq BL
SS MIA183 MG767012 SW8230 ACETONE 82 U 9 u~/kn BL
SS MtAI32 MG785030 SW8230 ACETONE 130 U 12 uq/k~ BL

SS MIA302 MG785013 SVV8230 ACETONE 3OO U 10 BL= un/kn
SS MIA303 MG785014 SW82~0 ACETONE 370 U 11 u~I/kq BL

SS MIA304 MG785015 SW82~0 ACETONE 220 U 11 uq/k~l BL

SS MIAIS8 MG77(~O1 SW8260 ACETONE 22 UJ 10 u~/kq BE
SS MIA143 MG743007 SW8260 ACETONE 520 U I0 uR/kq BL
SE MIA013 MG682016 SW8260 ACETONE 88O UJ 110 BL

SE MIAO14 MG682017 SW8260 ACETONE 30 U 14 uq/kq BL

SE MIAO15 MG582018 SW8230 ACETONE 150 U 27 uq/kR BL
SE MIA027 MG682009 SW8230 ACETONE 18 U 12 u!~/kQ BL
SS MIA032 MG695004 5W8230 ACETONE 160 U 10 uq/kq BL
SS MIA037 MG695008 SW8230 ACETONE 170 U 11 uq[kq BL
SE MIA028 MG6820~0 SW8230 ACETONE 200 UJ 21 uq/kq BL

SB MIA0e6 MG723091 SW8230 ACETONE 56 U 11 u#/kq BL
RB MIAO7O MG723095 SW8230 ACETONE 56 U 11 u#/kq BL

SB M~AO71 MG723096 SW8230 ACETONE 33 U 12 uq/kq BL

SB MIA072 MG723097 SW8230 ACETONE 21 U 11 uq/kq BL
SB MIA089FD MG730(]02 SW8260 ACETONE 96 U I0 uq/kq BL
SB MIA094 MG730005 SW8230 ACETONE 140 U 11 uQ/kR BL
SB MIA0~5 MG730006 SW8230 ACETONE 33 U 10 BL

SB MIA097 MG730008 SW8230 ACETONE 11 U 9 u~/kR BL

SB MIA074 MG743012 SW8230 ACETONE 20O U 11 u~/k~ BL
SB MIA075 MG743013 SW8230 ACETONE 270 U 12 uq/kq BL
SB MIA076 M~G743014 EW8230 ACETONE 140 U tl uFl/kq BL
SS MIA134 MG743023 SW8260 ACETONE 150 U 11 uq/k# BL
SS MIA137 MG7430(Z2 SW8230 ACETONE 230 U t0 uR/kq BL

SS MIA138 MG743003 SW8230 ACETONE 280 U I1 uq/kq BL
SS MIA141 MG743005 SW8230 ACETONE 320 U 11 uq/k~ BL
SS MIA142 MG743006 SW8230 ACETONE 260 U 11 uq/kq BL
SS MIAI~ MG743008 SW8230 ACETONE 200 U 9 uq/kq BL
SS MIA145 MG743009 SW8230 ACETONE 120 U 10 uq/kq BL

SS MIA128 MG785001 SW8260 ACETONE 170 U 11 uq/kq BL
SS MIA129FD MG785002 SW8230 ACETONE 310 U 13 uq/kq BL

SB MIA088 MG730~]1 SW8230 ACETONE 109 UJ 10 uCt/kR BL
SS MIA189ED MG770CO2 SW8230 ACETONE 24 UJ 11 u~/kR BL
SS MIA193 MG773006 SW8230 ACETONE 22O UJ 10 uq/kq BL
SS MIA275 MG778301 SW8230 ACETONE 54

]

UJ 11 uq/kq BL
SB MIA095 MG730007 SW8230 ACETONE 12 U 12 uq[kq BL
SS MIA139FDDL MG743004DL SW8230 ACETONE 60O J U 6OO u~/kR BL

WS MIA007 MGb82O11 SW8230 ACETONE 10 J U 10 uq/L BL
WS MIA011 MG682014 SW8230 ACETONE I0 J U I0 uq/L BL
WS MIA012 MG582O15 SW8260 ACETONE 10 J U 10 uq/L BL
WS MIA018 MG682091 SW8230 ACETONE 10 J U 10 uq/L BL

WS MIAO21 MG682093 SW8230 ACETONE I0 J UJ 10 uq/L BL

SB MIA089ED MG730032 SW8230 METHYLENE CHLORIDE 10 J U 10 u~/kR BL
SB MIA094 MG730005 RW8230 METHYLENE CHLORIDE 11 J U 11 uq/kn BL
SB MIA095 MG730(306 SW8230 METHYLENE CHLORIDE I0 J U I0 u#/k~ BL

SB MIA096 MG730007 SW82~0 METHYLENE CHLORIDE 12 J U 12 uq/k~ BL
SB MIA097 MG730008 SW8230 METHYLENE CHLORIDE 9 J U 9 uq/kq BL

SE MIA014 MG582017 SW8230 METHYLENE CHLORIDE ~4 J U 14 uq/kq BL

SE MIAO15 MG682018 SW8230 METHYLENE CHLORIDE 27 J U 27 uq/k~ BL

SE MIA025 MG682007 SW8230 METHYLENE CHLORIDE 13 J U 13 uq/k~ BL

SE MIA027 MG682O09 SW8230 METHYLENE CHLORIDE 12 J U 12 uq/kR BL
SS MIA302 MG693004 SW8230 METHYLENE CHLORIDE 10 J U ~0 uq/kq BL

SS MIA097 MG695008 SW8260 METHYLENE CHLORIDE 11 J U uq/kq BL
SS MIA132 MG785C03 5"W8230 METHYLENE CHLORIDE 12 J U 12 uR/kq BL

SS MIA302 MG783013 SW8230 METHYLENE CHLORIDE 10 J U 10 ualka BL

SS MIA303 MG783014 SW8230 METHYLENE CHLORIDE 11 J U 11 uqfkq BL

SS MIA304 MG785015 SW8230 METHYLENE CHLORIDE 11 J U 11 u~/kR BL

SE MIA0t3 MG682O16 SW8230 METHYLENE CHLORIDE 110 J UJ 110 uq/k~ BL
SE MIA028 MG682010 SW8230 METHYLENE CHLORIDE 21 J UJ 21 uq{kq BL

SE MIA0’23 MG~2005 SVVB230 METHYLENE CHLORIDE 12 J U 12 uq/k~ BL

SE MIA024 MG682096 SW8230 METHYLENE CHLORIDE 13 J U 13 uq/kq BL

ATU147543/APPENDICES/APP C/Table C 4-3:dstAttact~ment A C-97



48B ?.30

AttACHMENT A

Changes m Qualifiers Due to the Data VahdatJon Process

Memphis Depot Main Installation RI

Analyhcal Final Lab Final

Mahlx Sample ID Lab Sample ID Method Pa [ai’ne|er Result Qual Qual Det Lm~l Umls Qual Reasc~

SE MIA026FD MG682OO~ SW8260 METHYLENE CHLORIDE 16 J U 16 u~/k~ BL

SS MIA~ MG672OO5 SW825O METHYLENE CHLORIDE 12 J U 12 uq/k~ BL

SS MIA006 MG672OO6 SW825O METHYLENE CHLORIDE 12 J U 12 uqfkn BL

SS MIA275 MG778OOl SW825O METHYLENE CHLORIDE 14

3

U 11 ucVkn BL

SB MIA088 MG730(]01 SW825O METHYLENE CHLORIDE 10 U 10 UCR’kn BL

SB MIA074 MG743012 SW8260 METHYLENE CHLORIDE I1 J U 11 uq{k¢! BL

SB MIA075 MG743013 SW825O METHYLENE CHLORIDE 12 J U 12 uq/kct BL

SB MIA076 MG743014 SW825O METHYLENE CHLORIDE 11 J U 11 BL

SS MIAI37 MG743002 SW825O METHYLENE CHLORIDE I0 J U I0 ua/ka BL

SS MIA138 MG7435O3 SW825O METHYLENE CHLORIDE 11 J U 11 ua/ka BL

SS MIA13RFD MG743(]04 SW82dO METHYLENE CHLORIDE 14 J U 14 uq/kq BL

SS MIA141 MG743005 SW825O METHYLENE CHLORIDE 11 J U 11 uq/kq BL

SS MIA142 MG745O06 SW825O METHYLENE CHLORIDE 11 J U uqlkn BL

SS MIA143 MG7435O7 SW825O METHYLENE CHLORIDE 10 J U 10 u~/kq BL

SS MIA144 MG743C08 SW825O METHYLENE CHLORIDE 9 J U 9 unfkq BL

SS MIA145 MG743009 EW825O METHYLENE CHLORIDE 10 J U 10 uq/kq BL

SS MIA128 MG785O01 SW825O METHYLENE CHLORIDE 11 J U 11 uq/k~ BL

SS MIA129FD MG785002 SW825O METHYLENE CHLORIDE 13 J U 13 uq/kR BL

SS MIA327 MG756027 SW8270 blS(2-ETHYLHEXYI_) PHTHALATE 35O J U 350 uq/k~ BL

SS MIA328FD MG757001 SW8270 bls(2 ETHYLHEXVL} PHTHALATE 370 J U 370 uCl/k~ BL

SS MIA275 MG778001 SW8270 bB(2-ETHYLHEXYL) PHTHALATE 3(:0 J U 360 uq/k~ BL

SE MIA0’24 MG682C06 SW8R70 DI-n-BUTYL PHTHALATE 44O J U 440 u~/kq BL

SE MIA0t5 MG682018 SW8270 DI-n-BUIYL PHTHALATE 670 J U 670 uqfkq BL

SE MIA(Y23 MG682005 SW8270 DPn-BU]YL PHTHALATE 44O J U 4Z0 uqlkq BL

SS MIA327 MG755O27 SW8270 Di-n-BU~’L PHTHALATE 35O J U 35O uR/kq BL

WS MIA022 MG682004 SW8270 DIn BUIYL PHTHALATE I0 J U t0 U~/L BL

SS MIA159 MG756007 TC6010 Copper TCLP 21 4 IR U 48 u~/L BL

SS MIAI 5OFD MG755008 TC~OI0 Copper, TCLP 135 TR U 48 uq/L BL

SS MIA165 MG755O12 TC6010 CODOefr TCLP 101 TR U 48 u~/L BL

SS MIA167 MG756014 TC6010 Copper TCLP 112 TR U 48 u~/L BL

SS MIA338 MG767010 TC6010 CoDoer TCLP 135 TR U 48 ualL BL
SS MIA253 TCMG775O22 TCSOI0 Copper TCLP 67 TR U 48 uq/L BL

SS MIA261 TCMG777012 TCSOI0 Copper, TCLP 78 TR U 48 uq/L BL

SS MIA165 MG756012 TCSOlO 1~aIl~um, TCLP 9O4 TR U 82 u~l/L BL

SS MIA253 TCMG775O22 TCSOI0 Zinc, TCLP 41 9 TR U 188 u~/L BL

SS MIA160ED MG756008 TC7470 Mercuryr TCLP O 22 U 01 BL= u~l/L

SS M]A159 MG755O07 TC7470 Mercuryr TCLP 019 TR U 01 u~]I’L BL

SS MIA167 MG756014 TC7470 Mercury, TCLP D12 TR U OI uq/L BL

SS MIA032 MG695OO4 SW5O81 ALDRIN 94 U UJ 94 u~/ka CC

SS MIA037 MG695O08 SW5O81 ALDRIN 19 U UJ 19 uq/kq CC

SB MIA075 MG743013DL SW5O81 ALPHA BHC I0 U UJ I0 uqt’kq CC

SB MIA099 MG767002 SW5O81 ALPHA BHC 21 U UJ 21 ua/ka CC

EB MIA]77 MG767006 SW5O81 ALPHA BHC 22 U UJ 22 uq/kq CC

SB MIA178 MG767007 SW8081 ALPHA BHC 21 U UJ 21 uq/kq CC

EB MIA15O MG767009 SW8081 ALPHA BHC 21 U LU 21 uq/kq CC

SB MIA181 MG767010 SW8081 ALPHA BHC 21 U UJ 21 uq/kq CC

SB MIA182 MG 767011 SW8081 ALPHA BHC 22 U LU 22 uq/kq CC

SB MIA184 MG767013 SW8081 ALPHA BHC 21 U UJ 21 CC

SS MIA141 MG7435OSDL SW8081 ALPHA BHC 19 U UJ 19 un/kn CC

SS MIA144 MG743OOSDL SW5O81 ALPHA BHC 19 U UJ 19 uq/k~ CC

SS MIA32O MG756021 SW8081 ALPHA BHC 780 U UJ 78O uq/kq CC

SS MtA324 MG755024 SW8081 ALPHA BHC 94 U LU 94 uR/kq CC

SS MIA325 MG756025 SW8081 ALPHA BHC 19 U UJ 19 u~q/kq CC

SS MIA326 MG756026 SW8081 ALPHA BHC 48 U UJ 48 uR/kg CC

SS MIA327 MG756027 SW808 ~ ALPHA BHC 18 U UJ 18 uq/k¢l CC

SS MIA328FD MG757001 SWS081 ALPHA BHC 19 U UJ 19 u~/k~ CC

SS MIA330 MG757002 SWB081 ALPHA BHC 2O U UJ 2O uq/k~ CC

SS MIA331 MG757C03 SW808] ALPHA BHC 2 U UJ 2 uq/kq CC

SS MIA332 MG767004 SW8081 ALPHA BHC I0 U UJ I0 u~/kq CC

SS MIA333 MG757005 SW5O81 ALPHA BHC 19 U UJ 19 un/kq CC

SS MIA3&4 MG757006 SW5O81 ALPHA BHC 96 U UJ 96 u~/kq CC

SS MIA335 MG757007 SW8081 ALPHA BHC 21 U UJ 21 ualka CC

SS MIA336 MG757008 $W8081 ALPHA BHC 2 U UJ 2 uqlkq CC

SS MIA098 MG7675Ot SW8081 ALPHA BHC 1(:0 U UJ 1(:0 uq/kn CC

SS MIA174 MG7675O3 SW8OBI ALPHA BHC ~9 U UJ 19 uq/kq CC

SS MIA179 MG767OO8 SW8081 ALPHA BHC 19 U UJ 19 uq/kq CC

SE MIAO}3 MG682O16DL SW8081 HEPTACHLOR 53 U UJ 53 uQ/k~ CC

SE MIA014 MG682017 SWSOB1 HEPTACHLOR 12 U UJ 12 uq/kq CC

SE MIA015 MG682018 SWSO81 HEPTACHLOR 34 U UJ 34 uq/kq CC

SE MIA023 MG682005 SW8081 HEPTACHLOR 22 U UJ 22 uq/kq CC

SE MIA024 MG682O06 SW8081 HEPTACHLOR 11 U UJ 11 uqlkq CC
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SE MfA025 MG682007 SW8001 HEPTACHLOR 24 U UJ 24 ua/ka CC

SE MtA026FD MG682{~08 SW8001 HEPTACHLOR 25 U UJ 25 ug/kfl CC

SE M~A027 MG682009 SW8001 HEPTACHLOR 22 U UJ 22 ug/kq CC

SE MIA028 MG682010DL SW8081 HEPTACHLOR 33O U UJ 33O uqfk~ CC

WS MIA007 MG682011 SW8081 HEPTACHLOR OO5 U UJ O05 u~I’L CC

WS MIA011 MG682014 SW8001 HEPTACHLOR OO5 U UJ 005 uq/L CC

WS MIA012 MG682015 SW8001 HEPTACHLOR OO5 U UJ OO5 uq/L CC

WS MIA016 MG682019 SW8081 HEPTACHLOR 0O5 U UJ O05 ualL CC

WS M~A017 MG682020 SW8081 HEPTACHLOR OO5 U UJ OO5 uq/L CC

WS MIA018 MG682001 SW800t HEPTACHLOR OO5 U UJ 0O5 uqtL CC

WS MIA021 MG682003 SW8001 HEPTACHLOR O05 U UJ O05 uq/*L CC

WS MIA022 MG682004 SW8081 HEPTACHLOR OO5 U UJ 000 ua/L CC

SB MIA075 MG743013DL SW8081 METHOXYCH LOR 100 U UJ 100 uq/kfl CC

SB MIA099 MG767002 SW8081 METHOXYCHLOR 21 U UJ 21 ufl/kpl CC

$8 MIA177 MG767006 SW8081 METHOXYCHLOR 22 U UJ 22 u~/k~ CC

SB MIA178 MG767007 SW8081 METHOXYCHLOR 21 u UJ 2t CC

SB MIA180 MG767009 SW8081 METHOXYCHLOR 21 u UJ 21 u#l~q CC

SB MIA181 MG767010 SW8081 METHOXYC HLOR 21 U UJ 21 u#/kn CC

SB MIA182 MG767011 SW8081 METHOXYCHLOR 22 U UJ 22 uq/kq CC

SB MIAI84 MG767013 SW8081 METHOXYCHLOR 21 U UJ 21 u~/kQ CC

SE MIA014 MG68D317 $W8081 METHOXYCHLOR 120 U UJ 120 ualka CC
SE MIA015 MG6820t8 SwS081 METHOXYCHLOR 34O U UJ 34O ua/ka CC

SE MIA023 MG682005 SWS08I METHOXYCHLOR 220 U UJ 220 uq/kq CC

SE MIA024 MG682006 SW8001 METHOXYCHLOR If0 U UJ II0 uq/kq CC

SE MIA0"25 MG682007 S’WSO81 METHOXYCHLOR 240 U UJ 240 u~/kq CC

SE MIAO26FD MG682008 SW8081 METHOX’YCHLOR 25O U UJ 25O ualka CC

SE MIA027 MG682009 SW8081 METHOXYCH LOR 22 U UJ 22 uqfkq CC
SS MIA005 MG672005 SW8001 METHOXYCH LOR 4100 U UJ 4100 uqfkq CC

SS MIA006 MG672006 SW8081 METHOXYCHLOR 190 U UJ 190 uqfkq CC

SS MIA032 MG695Q04 SW8001 METHOXYCHLOR 94 U UJ 94 u#fkq CC
SS MIA037 MG695~08 SW8081 METHOXYCHLOR 190 U UJ 190 uqfkq CC
SS MIAI41 MG743005DL SW8081 METHOXYCHLOR 19 U LU 19 u~Ik~ CC
SS MIA144 MG743DOSDL SW8081 METHOXYCHLOR 19 U UJ 19 uq/kq CC

SS MIA320 MG756021 SW8081 METHOXYCHLOR 78OO U UJ 78OO ualka CC

SS MIA324 MG756024 SW8081 METHOXYCHLOR 94 U LU 94 uq(kq CC
SS MIA325 MG756025 SW8081 METHOXYCHLOR 190 U CU 190 uqlkfl CC
SS MIA32b MG756026 SW8081 METHOXYCHLOR 48 U UJ 48 u~/k~ CC

S~ MIA327 MG756027 SwS081 METHOXYCHLOR 180 U UJ 180 u~/kq CC

SS MIA328FD MG757001 SWB081 METHOXYCHLOR 190 U UJ 190 uq/kq CC
SS MIA330 MG757002 SW8001 METHOXYCHLOR 2OO U UJ 2OO uq/kq CC
SS MIA331 MG757003 SW8081 METHOXYCHLOR 2O U UJ 20 uq/kq CC

SS MIA332 MG757004 SW8081 METHOXYCHLOR 100 U UJ 100 uq/kq CC

SS MIA333 MG757g05 SW8001 METHOXYCHLOR 19 U UJ lq uq/kq CC

SS MIA334 MG757006 SW8081 METHOXYCHLOR 96O U UJ 96O u~/k~ CC
$S MIA335 MG757007 SW8081 METHOXYCHLOR 21 U UU 21 uq/kfl CC
SS MIA336 MG757008 SW8081 METHOXYCHLOR 2O U UJ 2O uqfkq CC
SS MIA098 MG767001 SW8081 METHOXYCHLOR 1000 U UJ 1000 uq(kq CC

SS MIA174 MG767003 SWSOBI METHOXYCHLOR 190 U LU 190 u#/kR CC

SS MIA179 MG767008 SW8081 METHOXYCHLOR 190 U LU 190 ufl/kq CC
WS MIA007 MG682011 SW8081 METHOXYCHLOR 05 U UJ O5 uq/L CC
WS MIA011 MG682014 SWS081 METHOXYCHLOR O5 U UJ 05 u~l[L CC

WS MIA012 MG682015 SWS08I METHOXYCHLOR O5 U UJ 05 uq/L CC

WS MIA016 MG682019 SW8081 METHOXYCHLOR O5 U UJ 05 uq/L CC
WS MIA017 MG682020 SW8081 METHOXYCHLOR O5 U LU O5 uq(L CC

WS MIA018 MG682001 SW8081 METHOXYCHLOR O5 U UJ O5 uqfL CC

WS MIA021 MGb82003 SW8001 METHOXYCHLOR 05 U UJ O5 uqfL CC
WS MIA022 MG68L>004 SW8081 METHOXYCHLOR O5 U UJ O5 uR/L CC

SB MIA074 MG743012 SWB001 p p -DDE 4 U UJ 4 uq/kq CC

SB MIA076 MG743014 SW8081 p p’-DDC 41 U UJ 41 uQ/kq CC

SS MIAI00 MG730009 SW8001 p,p’-DDC 93 U UJ 93 uq/kq CC

SS MIAI02 MG73~11 SW8081 p,p’-DDg 18 U UJ 18 u~/kq CC

SS MIA100 MG730012 SW8081 p p’-DDC 18 U UJ 18 uq/kq CC

SS MIA104 MG73~013 SW8081 p p -DDC 18 U UJ 18 uRlkq CC

SS MIA100 MG730014 SW8081 p p -DDC 38 U UJ 38 uq/kq CC
SS MIA106 MG730015 SW8081 p p -DDE 18 U UJ 18 uqfkq CC

SS MIAI07 MG730016 SW8001 p~o’-DDE 18 U UJ 18 uqfkq CC

SS MIA108 MG73~0t 7 SW8081 p p’-DDE 75 U UJ 75 uq/kq CC

SS MIA I09 MG73~018 SW8081 p,p -DDC 38 u UJ 38 uq/kq CC

SS MIA134 MG743023 SW8081 p p -DOC 2O U UJ 2O uQ/kQ CC

SS MIA137 MG743002 SW8081 p p -DDC 38 U UJ 38 uq/k~ CC

SS MIAI38 MG743003 SW8C)81 p p -ODE 39O U UJ 39O uq/kq CC
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ATTACHMENT A

Changes in Quahfiers Due to the Data Valldabon Process
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Analyhcal Final Lob Final

MC~ITIX Sample ID Lab Sample ID Method Parameter Result Qua$ Oet br~l Units QuaIReasof

SS MIA139FD MG743004 SW8OSt p p’-DD£ 39O U UJ 39O u~/ka CC

SS MIAM2 MG743G[~ SWS08t p p’-DDC 19 U UJ )9 u~/kR CC

SS MIA143 MG745O07 SW8081 p p’÷DDE 2OO U UJ 2OO uq/kR CC

SS MIA292 MG785O04 SWSOB1 PCB~ 1260 {AROCHLOR 1260) 28O J 180 u~/k~ CC

MIA5OO MG785011 SW5O81 PCB-125O {AROCHLOR 1260) 61C10 J 38~O uq/kn CC

SS MIA301 MG785O12 SWBO81 PCB-125O {AROCHLOR 1260) 18O00 J 73O0 u~/kq CC

MtA303 MG785014 SWB081 PCB-1260 {AROCHLOR 1260) 17O00 J 80O0 u~/kq CC=

SS MIAIB8 MG785O01 SW8081 PCB-1260 (AROCHLOR 1260) 380 U LU 380 u~/kq CC

$B MIA129FD MG785O02 SW5O81 PCB*1260 (AROCHLOR 1260"~ 580 U UJ 58O UQ/kQ CC

SS M~A132 MG785O03 SW5O81 PCB*125O (AROCHLOR 125O’> 380 U UJ 38O ua/kQ CC

SS MIA3~2 MG78501B SW5O81 PCB-125O (AROCHLOR 1260") 390 U UJ 39O uQ/kQ CC

SS M~A3(~ MG785O15 SW8081 PCB-1260 (AROCHLOR 1260) 8O0O U UJ 8O0O uo/ka CC

WS MIA017 MG682020 SW825O ACETONE 10 U W 10 uFl/L CC

WS MIA019FD MG682002 SW825O ACETONE 10 U UJ 10 u~/L CC

SB MIAI20 MG743015 SW825O BROMOMETHANE 610 U UJ 610 CC

SB MIA121FD MG74301b SW8260 BROMOMETHANE 610 U UJ 610 u#/kq CC

SB MIA124 MG743019 SW8260 BROMOMETHANE 620 U UJ 62O ua/kq CC

SS MIA327 MG7BBOB7 ~82~ BROMOMETHANE 9 U UJ 9 ua/ka CC

SS MIA328FD MG757001 SW8260 BROMOMETHANE 10 U UJ 10 uq/k~ CC

SS MIA098 MG767CO1 SW825O BROMOMETHANE 10 U UJ 10 u~/k~ CC

SS MIA188 MG775OOt SW8260 BROMOMETHANE 10 U UJ t0 ua/kq CC

SS MIA189FD MG775OO2 SW8260 BROMOMETHANE 11 U UJ 11 uatka CC

SB MIA120 MG745O15 SW8260 CHLOROMETHANE 610 U UJ 610 ua/ka CC

SB MIA121FD MG743016 SW8260 CHLOROMETHANE 610 U LU 610 uR/kq CC

SB MIA124 MG743019 SW8260 CHLOROMETHANE 62O U LU 62O uq/k~ CC

WS MIA007 MG682011 SW825O CHLOROMETHANE 10 U UJ 10 u~I/L CC

WS MIA018 MG682001 ~82~ CHLOROMETHANE 10 U UJ 10 uq/L CC

WS MIA022 MG6825O4 SW825O CHLOROMETHANE 10 U UJ 10 ua/L CC

SB MIA088 MG730001 SW8260 METHYL ISOBUTYL KETONE 10 U UJ 10 uq/kq CC

SS MIA188 MG770001 SW8260 METHYL ISOBUIYL KETONE 10 U UJ t0 uQ/k~ CC

SS MIAT89FD MG770002 SW825O METHYL ISOBUIYL KETONE 11 U UJ 11 u~IkQ CC

SS MIAlq3 MG770006 SW825O METHYL ISOBUIYL KETONE 10 U UJ 10 ua/ka CC

SS MIA275 MG778001 SW8260 METHYL ISOBUTYL KETONE 11 U UJ 11 uq/kq CC

SS MIA302 MG785O13 SW8270 2,4-DINrrROPHENOL 790O U UJ uq/kq CC

SS MIA303 MG785O14 SW8270 2 4-DIN1TROPHENOE 200O U UJ 20G0 ua/ka CC

SS MIA304 MG785O15 SW8270 2,4-D;NITROPHENOE 2000 U UJ 200O uQ/ka CC

WS MIAOD7 MG682011 SW8270 4-NITROPHENOL 5O U LU 5O u~/L CC

WS MIA011 MG682014 SW8270 4 NITROPHENOL 5O U UJ 5O ua/L CC

WS MIA012 MG682015 S’W8270 4-NITROPHENOL 5O U UJ 5O uq/L CC

WS MIA016 MG682019 SW8270 4-NITROPHENOL 5O U UJ 5O u~/L CC

WS MIA017 MG682020 SW8270 4-NITROPHENOL 5O U UJ 5O uq/L CC

WS MIA018 MG~25O} SW8270 4-NffROPHENOL 5O U UJ 5O uq/L CC

WS MIAOlgFD MG682002 SW8270 4 NffROPHENOL ,5O U UJ 50 uq/L CC

WS MIA0"21 MG682003 SW8270 4 NffROPHENOL 5O U UJ 5O uq/L CC

SS MIA139FDDL MG745OO4DL SW8260 1 1 1 TRiCHLOROETHANE 60O U R 6OO uq/kq DL

SS MiA143DL MG7430Q7DL SW825O 1 1 1-TRICHLOROkT"HANE 6OO U R 6OO u~/k~ DL

SS MIA139FDDL MG743004DL SW825O 1 1 2 2-TETRACHLOROETHANE 6OO U R 6(3O uQ/kQ DL

SS MIA143DL MG743007DL SW8260 1,1,2,2-TETRACHLOROETHANE 5O0 U R 6OO ualka DL

SS MIA139FDDL MG743004DL i SW8260 I, 1 2-TRICHLOROETHANE 5O0 U R 6OO ua/ka DL

SS MIA143DL MG743007DL S’VV8260 1, t ,2-TRICHLOROETHANE 6OO U R 6OO ualka DL

SS MiA139FDDL MG743004DL SW82~O 1 r I -DICHLOROETHANE 6OO U R 6OO uq/kq DL

SS MIA14BDL MG743007D[ SW825O 1 I-DICHLOROETHANE U R 6OO u~/k~ DL

SS MLA139FDDL MG743CO4DE SW825O 1 1 -DICHLOROETHENE moo u R 6OO u#/k~ DL

SS MIA143DL MG743007DL SW825O 1,1 -DICHLOROETHENE 6(3O U R 6OO u#/k9 DL

SS MIA139FDDL MG743004DL SW825O 1 2-DICHLOROETHANE moo u R 6O0 u#/k~ DL

SS MSAT43DL MG7430D7DL SW825O L2-DICHLOROETHANE 600 U R 6OO DL

SS MIA139FDDL MG743004DL SW8260 1,2-DICHLOROPROPANE moo U R 6OO u~/k~ DL

SS MIA143DL MG7430D7DL SW825O 1,2-DICHLOROPROPANE m0Q U R 6OO ug/kq DL

SS MIA143DL MG743007DL SW825O 2-SLffANONE 5O0 U R 6OO ug/k~ DL

SS MIAI39EDDL MG743004DL SW825O 2-BUTANONE 120 J R 6OO u~/k~ DL

SS MIAI39FDDL MG743004DL SW825O 2-HEXANONE 6OO U R 6OO uq/kq DL

% MIA143DL MG743007DE ~825O 2-HEXANONE 6OO U R 6OO ua/ka DL

SS MIA143DL MG743007DE SW8260 ACETONE 6OO U R 6OO ua/ka DL

SS MIA13gFD MG743CO4 SW825O ACETONE 7OO E R 14 u£/k# DL

SS MIA}39FDDL MG743004DL SW825O BENZENE 6OO U R 6OO u~/kq DL

SS MIA143DL MG743007DL SW8260 BENZENE 6OO U R 6~0 uQ/k~ DL

SS MIA139FDDL MG745O04DL SW8260 BROMODICHLOROMETHANE 6OO U R 6OO uq/kq DL

SS MIA143DL MG743007DL SW8260 BROMODICHLOROMETHANE 6OO U R 60O ua/ka DL

SS MIA139FDDL MG743004DL SW8260 BROMOFORM 6OO U R 6OO uq/kq DL

&S MIA143DL MG7435O7DL SW825O BROMOFORM 6OO U R 6OO ua/ka DL

SS MIAI39FDDL MG743004DL SvV825O BROMOMETHANE 6OO U R 6OO u~/k~ DL
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SS MIA143DL MG743CO7DL SW8260 BROMOMETHANE 6OO U R UQIkQ DL

SS MIA139FDDL MG743004DL SW8260 CARBON DISULFIDE 600 U R ~0 u~/k~ DL

SS MIA143DL MG743007DL SvV8260 CARBON DISULFIDE U R 6OO u~/kq DL

SS MIAI39FDDL MG7430D4DL SW8260 CARBON TETRACHLORIDE U R 6OO uq/kq DL

SS MtA143DL MG743007DL SW8260 CARBON TETRACHLORIDE ~0 U R 6OO uqlkq DL

SS MIA139FDDL MG743004DL SW8260 CHLOROBENZENE 6OO U R 6OO ua/ka DL

SS MIAM3DL MG743007DL SW8260 CHLOROBENZENE 60O U R 6OO ualka DL

SS MIA139FDDL MG743004DL SW8260 CHLOROETHANE 60O U R 60O uq/ka DL

SS MIAI43DL MG743007DL SW8260 CHLOROEIHANE 60O U R uq/kQ DL

SS M~A139FDDL MG743004DL SW8260 CHLOROFORM 60O U R 6OO DL

SS MIA14SDL MG743007DL SW8260 CHLOROFORM U R 6OO uqt’k~ DL

SS MIA} 39FDDL MG743004DL SW8260 CHLOROMETHANE U R 6OO uq/kq DL

SS MIAI43DL MG743007DL SW8260 CHLOROMETHANE 6(3O U R 6OO ua/ka DL

SS MIA139FDDL MG743004DL SW8260 cls 1,3-DICHLOROPROPENE 60O U R 6OO ua/ka DL

SS MIA143DL MG743C~7DL SW8260 CIS-1 3-DICHLOROPROPENE 600 U R 60O uq/kq DL

SS MIA 139FDDL MG743004DL SW8260 DIBROMOCHLOROMETHANE 600 U R 6(3O uq(kq DL

SS MIA143DL MG743007DL SW8260 DIBROMOCHLOROMETHANE moo u R 6(:O uq/kq DL

SS MIA139FDDL MG743004DL SW8260 ETHYLBENZENE moo u R 6OO uc!/kq DL

SS MIAI43DL MG743007DL SW8260 ETHYLBENZENE 60O U R 600 DL

SS MIA139FDDL MG743004DL I SW8260 METHYL ISOBUTYL KETONE 600 U R 6OO u~/kQ DL

SS MIA143DL MG743007DL SW8260 METHYL ISOBUTYL KETONE 60O U R u~/kq DL

SS MIAt39FDDL MG743004DL SW8260 METHYLENE CHLORIDE 6OO U R 6OO u~/kq DL

SS MIA143DL MG743BO7DL 5W8250 METHYLENE CHLORIDE 600 U R 6OO uq/kq DL

SS MIA139FDDL MG743004DL SW8260 STYRENE U R uq/k~ DL

SS MIA143DL MG743007DL SW8260 STYRENE 600 U R 6(3O uq/kq DL

SS MIA139FDDL MG743004DL SWB260 TETRACHLOROETHYLENE(PCE) U R 60O uq/kq DL

SS MIA143DL MG743007DL SW8260 TETRACHLOROETHYLENE{PCE) 6OO U R 600 u~llkQ DL

SS MIA139FDDL MG743004DL SW8260 TOLUENE 60O U R 600 u~Ikfl DL

SS MIAI43DL MG743007DL SW8260 TOLUENE 600 U R 600 uq/k~ DL

SS MIA139FDDL MG743004DL SW8260 TOTAL 1,2-DICHLOROETHENE 600 U R 600 uqlkR DL

SS MIA143DL MG743007DL SWS260 TOTAL 1,2-DICHLOROETHENE moo u R 6OO uqlkg DL

SS M~AI39FDDL MG743004DL SWS260 Total Xylenes moo u R 6OO ualka DL

SS MIA143DL MG743007DL SW8260 Total Xy~enes 600 U R 60O ua/ka DL

SS MIA139FDDL MG743004DL SW8260 trans-1 3-DICHLOROPROPENE 60O U R 6OO u~/k~ DL

SS MIA143DL MG743007DL SW8260 trans-t 3-DICHLOROPROPENE 6(3O U R 60O uCl/k# DL

SS MIAI39FDDL MG743004DL SW8260 TRICHLOROETHYLENE (TCE) 600 U R 6(3O u~lkfl DL

SS MIA143DL MG743007DL SW8260 TRIC HLOROETHYLENE ~rCE) U R uR/k~ DL

SS MIAt39FDDL MG 74300.4DL SW8260 VINYL CHLORIDE 600 U R uq/ka DL

SS M[A143DL MG743007DL SW8260 VINYL CHLORIDE U R u!~/kQ DL

SE M~A015DL MG682018DL SWB270 1,2,4-TRtC HLOROBENZEN E 1300 U R 1300 u~/kQ DL

SE MIA028DL MG682010DL SW8270 1 ~2 4-TRICHLOROBENZENE 1300 U R 1300 ua/ka DL
SS MIAOgBDL MG767001DL SW8270 1~2,4 TRICHLOROBENZENE 2000 U R 2000 uR/kq DL

SS MIAIB8DL MG770001DL SWS27D t 2 4-TRtCHLOROBENZENF 1OOOO U R 10000 uq/kq DL

SS MIA189FDDL MG770002DL SWS270 I 2 4-TRICHLOROBENZENE 7100 U R 7100 uq/kq DL

SS MIABOSDL MG785013DL SW8270 1,2 4-TRICHLOROBENZENE 2400 U R 2400 uq/kq DL
SS MIABOBDL MG785014DL SW8270 1,2 4-TRICHLOROBENZENE 80O U R 8OO un/k~ DL
SS MIA304DL MG785015DL SW8270 1 2 4-TRICHLOROBENZENE 12(30 U R 1200 uQ/k~ DL

SE MIA015DL MG682018DL SW8S70 1 2-DICHLOROBENZENE 1300 U R 1300 ua/ka DL

SE MIAOSSDL MG682010DL SW8270 1 2-DICHLOROBENZENE 1300 U R 1300 ua/ka DL
SS MIAO98DL MG767001 DL SW8270 1 2-DICHLOROBENZENE 20O0 U R 20OO uqfkq DL
SS MIA188DL MG770001DL SW8270 1 2-DICHLOROBENZENE 100(]0 U R 1000O u~/kfl DL

SS MIAIB9FDDL MG770002DL SW8270 I 2-DICHLOROBENZENE 7100 U R 7100 u~fk~ DL

SS MfA302DL MG785013DL SW8270 I 2-DICHLOROBENZENE 2400 U R 2400 u#fkq DL

SS MtA303DL MG785014DL SWS270 1 2-DICHLOROBENZENE 8OO U R BOO uq/kq DL

SS MIA304DL MG785015DL SWB27B I 2-D~CHLOROBENZENE 1200 U R t200 uqtkq DL

SE MIA015DL MG682018DL SW8270 1 3-DICHLOROBENZENE 1300 U R 1300 uq/kq DL

SE M~A028DL MG682010DL SW8270 1 3-DICHLOROBENZENE 1300 U R 1300 ufl/kQ DL
SS MIA098DL MG767001DL SW8270 1 3-DICHLOROBENZENE 200O U R 2OOO uq/kq DL

SS MIAISSDL MG77~1DL SW8270 1,3-DICHLOROBENZENE 1OOOO U R 1OOOO uq/kq DL

SS MIA189FDDL MG770002DL SW8270 1 3-DICHLOROBENZENE 7100 U R 7100 ua/ka DL

SS MIA302DL MG785013DL SW8270 1 3-DICHLOROBENZENE 24OO U R 2400 ua/ka DL

SS MIA303DL MG78B014DL SW8270 1 3-DICHLOROBENZENE 80O U R 8~0 uq/kQ DL

&S MIABO4DL MG785015DL SW8270 1,3-DICHLOROBENZENE 1200 U R 1203 uq/kQ DL

SE MIA015DL MG6820tBDL SW8270 I 4-DICHLOROBENZENE 1300 U R 1300 uq/kq DL

SE MIA028DL MG682010DL SW8270 1 4-DICHLOROBENZENE t300 U R 1300 uq/kq DL

SS MIA098DL MG767001DL SW8270 1,4-DICHLOROBENZENE 2OOO U R 20OO ua/ka DL

SS MIA188DL MG770~OIDL SWS270 1 4-DICHLOROBENZENE 1O00O U R 100(]O ucVkq DL

SS MIA 189FDDL MG770002DL SWB270 1,4-DtCHLOROBENZENE 7100 U R 7100 uqfkq DL

SS MIABOSDL MG785013DL SW8270 } 4-D~CHLOROBENZENE 24OO U R 24OO uq/kq DL

SS MIA303DL MG785014DL SW8270 I 4-DICHLOROBENZENE 8OO U R 8OO ua/ka DL

SS MIA304DL MG785015DL SW8270 1 4-DICHLOROBENZENE 1200 U R 1200 ua/ka DL
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SE MIA0]5DL MG682018DL SW8270 22’~XYSiS{ I a= H LORO) PROPAN/ 1300 U R 1300 u~q/k~ DL

SE MIAO28DL MG682010DL SW8270 2 2’*OXYBIS(1 ~CHLORO)PROPANE 13OO U R 1300 ua/ka DL

SS MIA~8DL MG767001 DL SW8270 2 2’*OXYBIS( 1-CHLORO)PROPANE 2O00 U R 2O0O ua/ka DL
SS MIA18BDL MG770001DL SW8270 2 2’~XYBIS{ 1 ~HLORO)PROPANE 1OOOO U R 1OOOO uqlkq DL
SS MIA189FDDL MG770002DL SW8270 2 2’.OXYBIS( I ~HLORO)PROPAN[ 7100 U R 7100 u~/kq DL

SS MIA302DL MG785013DL SW8270 2,2’~XYBIS{ 1 ~:HLORO)PROPAN[ 24OO U R 240O u~/k~ DL

SS MIA303DL MG785014DL SW8270 2 2’~XYBIS~ 1 ~:HLORO)PROPANE 800 U R 80O un/kn DL

SS MIA304DL MG785015DL SW8270 2,2’~C)XYBIS( I ~HLORO)PROPANE 1200 U R 1200 un/k9 DL

SE MIAO15DL MG682018DL SW8270 2 4 5-TRICHLOROPHENOL 670O U R 6700 uR/kq DL

SE MIA028DL MG682010DL SW8270 2 4 5-TRICHLOROPHENOL 640O U R 640O uR/k9 DL

SS MIAO98DL MG767001DL SW8270 2 4 5-TRICHLOROPHENOL 98OO U R 980O uR/kq DL

SS MIA188DL MG77COZ)1DL SW8270 2 4 5-TRICHLOROPHE NOL 53OOO U R 53OOO ua/ka DL

S$ MIA189FDDL MG77CCO2DL SW8270 2 4 5-TRICHLOROPHE NOL 3500O U R 3500O uq/kq DL

SS MIA302DL MG785013DL SW8270 2 4 5-TRICHLOROPHE NOL 120(:0 U R 12OOO uo/ka DL

SS MIA303DL MG785014DL SW8270 2 4 ~TRICHLOROPHE NOL 4OOO U R 4OOO uo/ka DL

SS MIA304DL MG785015DL SW8270 2 4 5-TRICHLOROPHE NOL 6100 U R 6100 uq/kR DL

SE MIAOISDL MG682018DL SW8270 2~4 6-TRICHLOROPHE NOL 1300 U R 1300 uQlkq DL

SE MIA028DL MG682010DL SW8270 2,4 6-TRICHLOROPHE NOL ~300 U R 1300 u~/kq DL

S$ MIA008DL MG767001DL SW8270 2,4 6-TRIC HLOROPHENOL 2OOO U R 2O0O ua/ko DL

SS MIA188DL MG770001DL SW8270 2 4 6~TRIC HLOROPHENOL 1O0OO U R 10000 ~ uqfkq DL

SS MIA189FDDL MG770002DL SW8270 2 4 6-TRIC HLOROPNENOL 7~00 U R 7100 uq/kR DL

SS MIA302DL MG785013DL SW8270 2 4 6~TRICHLOROPHENOL 240O U R 24OO ua/ka DL

SS MIA303DL MG785014DL SW8270 2 4 6-TRICHLOROPHENOt 8OO U R 8OO uQ/kR DL

SS MIA30,4DL MG785015DL SW8270 2,4,6-TRICHLOROPHENOL 1200 U R 1200 uq/k~ DL

SE MIA015DL MG6.82018DL SW8270 2r4-DICHLOROPHENOL 1300 U R 1300 ua/ka DL

SE MIA028DL MG682010DL SW8270 2 4*DICHLOROPHENOL 1300 U R 1300 ua/ka DL

SS MIAO98DL MG767001 DL SW8270 2 4-DICHLOROPHENOL 20O0 U R ua/ka DL

SS MIA188DL MG770001DL SW8270 2 4-DICHLOROPHENOL ICO]0 U R 10000I u~/kq DL

SS MIAIBgFDDL MG770002DL SW8270 2 4-DICHLOROPHENOL 7100 U R 7100 ua/ka DL

SS MIA302DL MG785013DL SW8270 2,4-DICHLOROPHENOL 2400 U R 2400 uq/kq DL

SS MEA303DL MG78,5014DL SW8270 2,4-DICHLOROPHENOL 8OO U R 80O ualka DL

SS MIA304DL MG785015DL SW8270 2 4-DICHLOROPHENOL 1200 U R 1200 ua/ka DL

SE MIAOtSDL MG682018DL SW8270 2 4-DIMETHYt PHENOL 1300 U R 1300 uR/k~ DL

SE MIAO28DL MG6B2010DL SW8270 2 4-DIMEfHYLPHENOt 1300 U R 1300 uq/k~ DL

SS MIA098DL MG767001 DL SW8270 2 4-DIMETHYLPHENOL 2O00 U R 200O uR/kq DL

SS MIA188DL MG770[~l DL SW8270 2 4-DIMETHYLPHENOL 10O0O U R 1OO001 u~/k~ DL

SS MIA189FDDL MG77CCO2DL SW8270 2 4-DIMETHYLPHENOL 7100 U R 7100 ualka DL

SS M~A302DL MG785013DL SW8270 2 4-DiMETHYLPHENOL 240O U R 24OO u~/k~ DL

SS MIA303DL MG785014DL SW8270 2 4-DIMETHYLPHENOL 80O U R 8OO ualka DL

SS MIA304DL MG785015DL SW8270 2 4-DIMETHYLPHENOL 1200 U R 1200 ua/ko DL

SE MlA015DL MG682018DL SWB270 2 4-DINffROPHENOL 6700 U R 6700 uQfkQ DL

SE MIA0"28DL MG6B2010DL SWB270 2 4-DINITROPHENOL 64O0 U R 6400 uR/ka DL

SS MIAO98DL MG767001DL SWB270 2 4-DINffROPHENOL 98O0 U R 98OO uR/k~ DL

SS MIA188DL MG770001DL SW8270 2 4-DINtTROPHENOL 53000 U R 53000 i uR/k~ DL

SS MIA189FDDL MG770002DL SW8270 2 4-DINITROPHENOL U R 35OOO ; uqlkq DL

SS MIA302DL MG785013DL SW8270 2 4-D]NITROPHENOL 12[~0 U R t2000 I uo/ka DL

SS MIA303DL MG785014DL SW8270 2 4-DINITROPHENOL 400O U R 40OO uq/kR DL

SS MIA304DL MG785015DL SW8270 2 4-DINITROPHENOL 6100 U R 6100 ug/kR DL

SE MIA015DL MG6B2018DL SW8270 2 4-D;NITROTOLUENE 1300 U R 1300 uqlk~ DL

SE MIA028DL MG682010DL SW8270 2 4-DINITROTOLUEN E 1300 U R 1300 uR/k~ DL

SS MIAO98DL MG767001 DL SW8270 2 4-DINITROTOLUENE 2O0O U R 2OOO ua/ko DL

SS MIA188DL MG770001 DL SW8270 2 4-DINITROTOLUENE 1OOOO U R 100(301 ualko DL

SS M~A189FDDL MG770002DL SW8270 2 4-DINITROTOLUENE 7100 U R 7100 uq/kq DL

SS MIA302DL MG785013DL SW8270 2 4-DINITROTOLUE NE 2400 U R 2400 ua/ka DL

SS MIA303DL MG785014DL SW8270 2 4-DINITROTOLUENE 800 U R 8OO uq/kq DL

SS MIA304DL MG785015DL SW8270 2 4-DINITROTOLUENE 1200 U R 1200 uQ/kQ DL

SE MIA015DL MG682018DL SW8270 2,6-DINffROTOLUENE 1300 U R 1300 u~/k~ DL

SE MIA028DL MG682010DL SW8270 2,6-DINffROTOLUENE 1300 U R 1300 u~/k~ DL

SS MiA098DL MG757001DL SW8270 2,6-DINffROTOLUENE 2OOO U R 200O uQ/k~ DL

SS MIA188DL MG77CO]1DL SW8270 2,6-D~NITROIOLUENE 1O0OO U R 10000 ~ u~/k~ DL

SS MIA189FDDL MG77C(~2DL SW8270 2 6-DtNITROTOLUENE 7100 U R 7100 u~/k~ DL

SS MIA302DL MG785013DL SW8270 2 6-DINITROTOLUENE 2400 U R 2400 uR/k~ DL

SS MIA303DL MG785014DL SW8270 2 ~DINITROTOLUEN E 8OO U R 8OO uq/kq DL

SS MIA304DL MG785015DL SW8270 2 6-DINITROTOLUEN E 1280 U R 1200 ua/ka DL

SE MIA015DL MG682018DL SW8270 2-CHLORONAPHTHALENE 1300 U R 1300 uq/k~ DL

SE MIA[]’28DL MG682010DL SW8270 2 CHLORONAPHTHALENE 13[]0 U R 1300 uqfkq DL

SS MIA098DL MG767001DL SW8270 2-CHLORONAPHTHALENE 2OOO U R 2OOO u~/ka DL

SS MIAtB8DL MG770001DL SW8270 2-CHLORONAPHTHALENE 1OOOO U R ~0000 uR{kq DL

SS MIA189FDDL MG 77[]002DL SWB270 2-CHLORONAPHTHALENE 7100 U R 7100 uR/kR DL

SS MIA302DL MG785013DL SW8270 2-CHLORONAPHTHALENE 24OO U R 24OO ufl/k~ DL

SS MIA303DL MG785014DL SW8270 2-CHLORONAPHTHALENE 800 U R 8OO ug/kfl DL
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SS M~A304DL MG785015DL SW8270 2-CHLORONAPHTHALENE 12OO U R 1200 ug/k~ DL

SE MIA015DL MG682018DL SWB270 2-CHLOROPHENOL 1300 U R 1300 un/kQ DL

SE MIA028DL MG682010DL Sw8270 2-CHLOROPHENOL 1300 U R 1300 uqt’k~ DL

Ss MiA098DL MG767OO1DL 5W8270 2-CHLOROPHENOL 2OOO U R 2OOO uWkR DL

SS MIA188DL MG77OOO1DL 5W8270 2-CHLOROPHENOL 1O000 U R 1OOOO uq/k~ DL

SS MIA189FDDL : MG770002DL SW8270 2~HEOROPHENOL 7100 U R 7100 uq/kq DL

SS MIA302DL MG785013DL SW8270 2-CHLOROPHENOL 240O U R 2400 ua/ka DL

SS MIA303DL MG785014DL SW8270 2-CHLOROPHENOL 80O U R 8OO ua/ka DL

SS MtA304DL MG7850}5DL 5W8270 2-CHLOROPHENOL 1200 U R 1200 ualka DL
SE MtA015DL MG682018DL SW8270 2-METHYLNAPHTHAEENE 1300 U R 1300 uR/kg DL

SE M~A028DL MG682010DL SW8270 2-METHYLNAPHTHALENE 1300 U R 1300 uq/kfl DL

SS MIA098DL MG767001 DL SW8270 2-METHYLNAPHTHALENE U R 2OOO u~/kq DL

SS MIAIB8DL MG770001DL SW8270 2-METHYLNAPHTHALENE ~OO00 U R 1OOOO u~{kq DL
SS MIA189FDDL MG77OOO2DL ! SW8270 2-METHYLNAPHTHALENE 7100 U R 7100 uqfkq DL
SS MIA302DL MG785013DL ; SW8270 2-METHYLNAPHTHALENE 2400 U R 2400 uq/kq DL
SS MIA303DL MG785014DL SW8270 2-METHYl_NAPHTHALENE 80O U R 8O0 uq/kq DL
SS MIA304DL MG785015DL SW8270 2-METHYLNAPHTHALENE 1200 U R 1200 uq/kq DL

SE MIA015DL MG682018DL SW8270 2-METHYEPHENOL (o-CRESOL) 1300 U R 1300 u~/kq DL

SE MIAO28DL MG6B2010DE SW8270 2-METHYEPHENOL (o-CRESOL) 1300 U R 1300 uq/kq DL
SS MIA098DL MG767001DL SW8270 2-METHYLPHENOL {o-CRESOL) 2000 U R 2O00 uq/kq DL
SS MIA188DL MG77OOO1DL SW8270 2-METHYLPHENOL (<>CRESOL) 100OO U R 10OOO uC~/kq DL
SS MIA189FDDL MG77OOO2DL SW8270 2-METHYLPHENOL (O-CRESOL) 7100 U R 7100 u~/k~ DL
SS MIA302DL MG785013DL SW8270 2-METHYLPHENOL (o-CRESOL) 24OO U R 2400 uFVk~ DL

SS MIA303DL MG785014DL SW8270 2-METHYLPHENOL {O-CRESOL) 80O U R 800 uq/kq DL
SS MIA304DL MG785015DL SW8270 2-METHYLPHENOL (o-CRESOL) 1200 U R 1200 uq/kq DL

SE MIA015DL MG682018DL SW8270 2-NITROANILINE 6700 U R 6700 uq/kq DL
SE MIA028DL MG682010DL SW8270 2-NITROANILINE 6.400 U R MOO uq/kq DL
SS MIA098DE MG767CO1 DL SW8270 2-NITROANILINE 98OO U R 9800 uq/kq DL

SS MIA188DL MG770001DL SW8270 2-NITROANILINE 53C~) U R 530~ uq/kq DL
SS MIA189FDDE MG770002DL SW8270 2-NITROANILINE 35CO] U R 35OOO uq/kfl DL
SS MIA302DL MG785013DL SW8270 2-NRROANILINE 12(::O0 U R 120(O uq/kQ DL

SS MIA303DL MG7850%4DL SW8270 2-NITROANILINE 4O00 U R 4OO0 uq/k(~ DL
SS MIA304DL MG785015DL SW8270 2-NITROANILINE 6100 U R 6100 uq/kq DL
SE MIA015DL MG682018DL SW8270 2-NITROPHENOL 1300 U R 13(30 ug/kq DL
SE MIA02BDL MG682010DL SW8270 2-NITROPHENOL 1300 U R 1300 uq/k~ DL

MIA098DL MG767001 DL SW8270 2-NITROPHENOL 2O00 U R 2OOO uq/kq DL

SS MIA18SDL MG770001DL SW8270 2-NITROPHENOL ;00OO U R 10OOO uq/kq DL
SS MIA189FDDL MG770002DL SW8270 2-NITROPHENOL 7100 U R 71[::O uq/kq DL
SS MIA302DL MG7850%3DL 3W8270 2-NITROPHENOL 2400 U R 24OO uq/kq DL
SS MIA303DL MG7850 IZiDL SW8270 2-NITROPHENOL 800 U R 8OO uR/kq DL
SS MIA304DE MG785015DL SW8270 2-NITROPHENOL 1200 U R 1200 uR/kA DL

SE MIA015DL MG682018DL SW8270 3 3 -DTCHLOROBE NZIDINE 1300 U R 1300 uq/kq DL
SE MIA028DE MG682010DL SW8270 3r3’-DiCHLOROBE NZIDINE 1300 U R 1300 ucVk~ DL
SS MIA098DL MG767OOIDL SW8270 3 3’-DICHLOROBENZIDINE 20OO U R 2OOO uR/k~q DL
SS MIA188DL MG770001DL SW8270 3 3’-DICHLOROBE NZIDINE 1OOOO U R ~0000 uq/k~ DL
SS MIAtB9FDDL MG77000RDL SW8270 3 3 -DICHLOROBE NZIDINE 7100 U R 7100 u#/kq DL
SS MIA302DL MG785013OL SW8270 3 3 -DICHLOROBE NZIDINE 24OO U R 2400 u~(kq DL
SS MrA303DL MG785014DL SW8270 3 3’-DICHLOROBE NZIDINE 8OO U R 800 DL
SS MIA304DL MG785015DL SW82T0 3 3 -OlCHLOROBENZlDIN[ 1200 U R 1200 uqt’kq DL
SE MIA015DL MG682018DL SW8270 3-NffROANILINE 67OO U R 67OO uq/kq DL
SE MIAO28DL MG682010DL SW8270 3-NR’ROANILINE 64OO U R 6400 u~fkq DL

SS MIAO98DL MG767001 DL SW8270 3-NITROANILINE 98OO U R 98OO uWkR DL
SS MIAISBDL MG770G01DL SW8270 3-NffROANtLINE 53OOO U R 53OOO u~/kR DL
SS MIA189FDDL MG770002DL SW8270 3-NITROAN&INE 3,5OOO U R 35OOO u#/kR DL

SS MIA302DL MG785013DL SW8270 3-NITROANILINE 120(]0 U R 12OOO u#/kfl DL
SS MIA303DL MG785014DL 5W8270 3-NITROANILINE 4OOO U R 4OOO u~/kq DL
SS MIA304DL MG785015DL SW8270 3-NITROANILINE 6t00 U R 6100 u#/kR DL

SE MIA015DL MG682018DL SW8270 4 6-DINITRO-2-METHYLPHENOL 6700 U R 67OO uq/kq DL
SE MIA02BDL MG682010DL SW8270 4 5-DINITRO-2-METHYLPHENOL 64OO U R MOO uq/kq DL
SS MIA098DL MG767(]01 DL SW8270 4,&DINITRO-2-METHYI_PHENOL 98OO U R 98OO u~/k¢! DL

SS MIA188DL MG770001DL SW8270 4r6-DINITRO-2-METHYLPHENOL ,SS0a0 U R 530~ uq/kq DL
SS MIA189EDDL MG77OO02DL SW8270 4,6-DINITRO-2-METHYLPHENOL 35OOO U R 35OOO uq/k(~ DL

SS MIA302DL MG785013DL SW8270 4 6-DINffRO-2-METHYLPHENOL t2000 U R 120(]0 uq/kq DL
SS MIA303DL MG785014DL SW8270 4 6-DINITRO-2-METHYLPHENOL 4OOO U R 4(:O:) uq/*kq DL
SS MIA304DL MG78S015DL SVV8270 4 6-DINITRO-2-METHYLPHENOE 6100 U R 6100 uq/kq DL

SE MIA015DL MG682018DL SW8270 4-BROMOPHENYL PHENYL ETHER 1300 U R 1300 uq/kq DL
SE MIAO28DL MG682010DL SW8270 4-BROMOPHENYL PHENYL ETHER 1300 U R 1300 uq/kq DL
SS MIA098DL MG767OOl DL SW8270 4-BROMOPHENYL PHENYL ETHER 20OO U R 2OOO uq/k# DL
SS MIA188DL MG770001DL SW8270 4-BROMOPHENYL PHENYL ETHER IOCCQ U R IC(X]O uq/kq DL
SS MIA189FDDL MG770002DL SW8270 4-BROMOPHENYL PHENYI_ ETHER 7100 U R 7100 ua/ko DL

SS MIA302DL MG785013DL SW8270 4-BROMOPHENYL PHENYL ETHER 2400 U R 24OO uq/kq DL
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SS MIA5O3DL MG785O14DL SW8270 4-BROMOPHENYL PHE NYI_ ETHER 8OO U R 800 4 u~/kfl DL
SS MIA304DL MG785015DL SW8270 4-BROMOPHENYL PHENYL ETHER 1200 U R 1200 ufllkw DL

SE MIA015DL MG682O18DL SW8270 4-CHLORO-3-METHYLPHENOL 1300 U R 1300 DL

SE MIA028DL MG682010DL SW8270 4-CHLORO-3-METHYEPHENOL 1300 U R 1300 u~/k~ DL

SS MIA098DL MG767001DL SW8270 4-CHLORO-3-METHYLPHENOE 2OOO U R 2000 u~/k~ DL

SS MIAI88DL MG770001DL SW8270 4-CHLORO-3-METHYLPHENOE 1OOOO U R 10000 , uq/k~ DL

SS MIA189EDDE MG77000RDL SW8270 4-CHLORO-3-METHYLPH ENOL 7100 U R 7100 uQ/k~ DL

SS MIA302DL MG785O13DL SW8270 ZI-CHLORO-3-METHYLPH ENOL 24OO U R 2400 DL
SS MIA303DL MG785O14DL SW8270 4-CHLORO-3-METHYLPH ENOL 80O U R 800 u~fkQ DL

SS MIA304DL MG785OlSDL SW8270 4-CHLORO-3-METHYLPH ENOL 1200 U R 1200 ’ u~/kq DL

SE MIA015DL MG6820ISDL SW8270 4-CHLOROANILINE 1300 U R 1300I
uq/kq DL

SE MIA028DL MG6820IODL SWB270 4-CHLOROANILINE 1300 U R 13CO~ uA/k~ DL

SS MIAOgBDL MG767001 DL SWB270 4-CHLOROANILINE 20OO U R u~/kq DL

SS MIA188DL MG770001DL SW8270 4-CHLOROANILINE 15O~0 U R 1OOOO uRlkq DL

SS MIA189FDDL MG770002DL SW8270 4-CHLOROANILINE 7100 U R 7100 , u~/kq DL
SS MIA302DL MG785OI3DL SW8270 4-CHLOROANIEINE 24OO U R 24OO uR/kq DL

SS MIA5O3DL MG785OI4DL SW8270 4-CHLOROANILINE 800 U R 800 1 uq/kq DL

SS MIA5O4DL MG785OlSDL 5W8270 4-CHLOROANILINE 1200 U R 1200: u~/kq DL

SE MIA015DL MG682018DL EWE270 4-CHLOROPHE NYL PHENYL ETHER 1300 U R 1300~ u~/kq DL

SE MIA028DL MG682010DL SW8270 4-CHLOROPHENYL PHENYL ETHER 1300 U R 1300 ufl/kq DL

SS MIA098DL MG767001DL EW8270 4-CHLOROPHENYL PHENYL ETHER U R 2000 ; u~/k~ DL

SS MIAIBBDL MG770001DL SW8270 4-CHLOROPHENYL PHENYL ETHER 1OOOO U R 10000 i DL

SS MiA189FDDL MG77000RDL SW8270 4-CHLOROPHENYL PHENYL ETHER 7100 U R 7100 u~/k~ DL

SS MIA302DE MG785013DL SW8270 4-CHLOROPHENYL PHENYL ETHER 24OO U R 24OO q ufl/k~ DL

SS MIA303DL MG785014DL SW8270 4*CHLOROPHENYL PHENYE ETHER 800 U R 80O DL

SS MtA3G4DL MG785015DE SW8270 4-CHLOROPHENYL PHENYL ETHER 1200 U R 1200 I ualka DL

SE MIA015DL MGb82018DL SW8270 4-METHYLPHENOL {p-CRESOL) 1380 U R 1300 I uq/kq DL

SE MIA028DL MG682010Dt SW8270 4-METHYLPHENOL (p-CRESOL) t300 U R 1300 ] u~/k~ DL

SS M~AO98DL MG767001 DL SW8270 4-METHYLPHENOL (p~CRESOL) 2000 U R 20001 u~/k~ DL

SS MIAI88DL MG770C~1DL SW8270 4 METHYLPHENOL (o-CRESOL~ 1000O U R 1OOOO1 ua/ka DL

SS MIA189FDDL MG7700ORDL SW8270 4-METHYLPHENOL (ID~CRESOL) 7100 U R 7100 I ua/ka DL

SS MIA302DL MG785013DL SW8270 4-METHYLPHENOL (p-CRESOL) 24OO U R 2400 I u~/kQ DL

SS MIA303DL MG785OMDL SW8270 4-METHYLPHENOL (p~RESOL) 8OO U R 80O I DL

SS MIA304DL MG785015DL SW8270 4-METHYLPHENOL (p~Z]RESOL) 1200 U R 1200 u~/k~ DL

SE MIA015DL MG682OI8DL SW8270 4-NITROAN&INE 67OO U R 6700 I u~/k~ DL

SE MIA028DL MG682OIODL SW8270 4-NITROANtLINE 6400 U R 6400 ug/k~ DL

SS MIA0q8DL MG767001 DL SW8270 4-NITROANEINE 98OO U R 98OO I uolka DL

SS MIA188DL MG77000t DL SW8270 4 NITROANILINE 53O00 U R u~/kR DL

SS MIA}89FDDL MG77ReO2DL SW8270 4-NITROANILINE 35OOO U e 35000~
ua/ka DL

SS MIA5O2DL MG785D13DL SW8270 4-NffROANILINE 12OOO U R 12000, uR/k~ DL

SS MIA303DL MG785014DL SW8270 4-NEROANILINE 4OOO U e 4000 ’ u~/k~ DL

SS MIA304DL MG785015DL SW8270 4 NffROANILINE 6100 U R 6100 ua/ka DL

SE MIA015DL MG682018DL SW8270 4-NITROPHENOL 6700 U R 6700 , u~/kq DL

SE MIA028DL MG682010DL SW8270 4-NITROPHENOL 64OO U R 6400 ; un/kn DL

SS MIAO98DL MG767QO1DL SW8270 4-NITROPHENOL 98OO U R 98OO I uR/k~ DL

SS MIA}88DL MG770COIDL SW8270 4-NITROPHENOL U R u#/k~ DL

SS MIA189FDDL MG770002DL SW8270 4-NITROPHENOL 35OOO U R 35000 ~ DL

SS MIA302DL MG785013DL SWB270 4-NITROPHENOL 12OOO U R 12000, uo/ka DL

SS MIA5O3DL MG785OMDL SW8270 4-NITROPHENOL 4OOO U R 4OOO I uol~a DL

SS MIA304DL MG785O15DL SW8270 4-NITROPHENOL 6100 U R 6100 I uo/ka DL

EE MIAO28DL MG682O10DL SW8270 ACENAPHTHENE 240 J R 13OO1 uq/kq DL

SE MIA015DL MG682O18DL SW8270 ACENAPHTHENE 25O J R 13COI u~lk~ DL

SS MIA098DL MG767001 DL SW8270 ACENAPHTHENE 62O J R 200O1 ufl/k~ DL

SS MIA188DL MG770001DL SW8270 ACENAPHTHENE 2~00 J R 10000 ~ ufl/k~ DL

SS MIA189FDDL MG770002DL SW8270 ACENAPHTHENE 1500 J R 7100 I u~/k~ DL

SS MIA5O2DL MG785Q13DL SW8270 ACENAPHTHENE 16(10 J R 2400 I ualka DL

SS MIA303DL MG785014DL SW8270 ACENAPHTHENE 38O J R 8OO I ua/ka DL

SS MIASO4DL MG785015DL SW8270 ACENAPHTHENE 69O J R 1200~ ua/ka DL

SE M;A015DL MG682018DL SW8270 ACENAPHTHYLENE 1300 U e 13OO1 ua/ka DL

SE MIA028DL MG682010DL SW8270 ACENAPHTHYLENE 1300 U R 1300, uqlkq DL

SS MIA098DL MG767001DL SW8270 ACENAPHTHYLENE 200O U R 20001 ua/ko DL

SS MIA188DL MG770~OIDL SW8270 ACENAPHTHYLENE 1OOOO U R 1OOOO1 ufl/k~ DL

SS MIA189FDDL MG775O02DL SW8270 ACENAPHTHYLENE 7100 U R 7100 I u~/kW DL

SS MIA302DL MG785OI3DL SW8270 ACENAPHTHYLENE 2400 U R 24CO I u~lk~ DL

SS MIA5O3DL MG785014DL SW8270 ACENAPHTHYEENE 8OO U R 8OO I uq/kq DL

SS MIASO4DL MG785O15DL SWB270 ACENAPHTHYLENE 1200 U R 1200’ u~/k~ DL

SS MIA189FD MG770002 SW8270 ANTHRACENE 29OO E R 35O u~/kq DL

SE MIA015DL MG682018DL SW8270 ANTHRACENE 44O J R 1300 uq/kq DL

SE MIA028DL MG682O10DL SW8270 ANTHRACENE 42O J R 13OO1 ua/ka DL

SS MIA098DL MG767001 DL SW8270 ANTHRACENE 96O J R 2000i u~/k~ DL

SS MIA188DL MG770001 DL SW8270 ANTHRACENE 500O J R 10000 ~ u~/kq DL
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SS MIA3ORDL MG785013DL SW8270 ANTHRACENE 2100 J R 24(2O u~I/kq DL

SS MIA3D3DL MG780014DL SW8270 ANTHRACENE 500 J R 800 u~/kq DL

SS MIA304DL MG78S015DL SW8270 ANTHRACENE ii00 J R I’2~ u~/ka DL

SS MIA098 MG767001 SW8270 BENZO(olANTHRACENE 3400 E R 39O uQ/ka DL

SS MIA1B8 MG770001 SW8270 BENZO{a)ANTHRACENE 25O(30 E R 1800 uF]/k~ DL

SS MIA189FD MG770002 SW8270 BENZO{a)ANTHRACENE 1900O E R 350 uq/kq DL

SE MIA015DL MG682018DL SW8270 BENZO(a)ANTHRACENE IB00 R 1300 uq/kq DL

SE MIA028DL MG682010DL SW8270 BENZO{a)ANTHRACENE 1600 R 1300 uq{kq DL

SS MIA302DL MG780013DL SW8270 BENZO(a)ANTHRACENE 52OO R 2400 ua/ka DL

SS MIA303DL MG780014DL SW8270 BENZO(a)ANTHRACENE 1700 R 8(;O uq{kq DL

SS MIA004DL MG785O15DL SW8270 BENZO(o)ANTHRACENE 320O R 1200 uFVkq DE
SS MIAOO8 MG767OOl SW8270 BENZO~a)PYRENE 3100 R 39O uq/kq DL

SS MIA188 MG77OO01 SW8270 BENZO{a)PYRENE 0000O E R 1800 uq/kq DL

SS MIAI89FD MG77000’2 SW8270 BENZO(o’/PYRENE 230O0 E R 300 uQ/k~ DL

SE MIA0’28DL MG682010DL SW8270 BENZO(a)PYRENE 2OOO R 1300 uq/kR DL

SE MIA015DL MG682018DL SW8270 BENZO(a)PYRENE 2OOO R 1300 uq/k~ DL

SS MIA302DL MG780013DL SW8270 BENZO(a)PYRENE 44OO R 2400 u£/k# DL

SS MIA303DL MG780014DL SW8270 BE NZO(o)PYRENE 1700 R 800 ua/ka DL

sS MIA304DL MG780015DL SW8270 BENZO(o)PYRENE 280O R 1200 uqfkq DL=

SS MIA188 MG770001 SW8270 BENZO{b)FLUORANTHENE 36O0O E R 1800 uq/kq DL

SS MIAIB9FD MG770002 SW8270 BENZO(b)FLUORANTHENE 3800O E R 35O uq/kq DL

SE MIA028DL MG682010DE SW8270 BENZO(b)FLUORANTH ENE 2300 R 1000 u~/kq DL

SE MIA015DL MG682018DL SW8270 BENZO(b)FLUORANTHENE 2300 R 1000 u#/k~ DL
SS MIA098DL MG767001DL SW8270 BENZO(b)FLUORANTHENE 27OO R uFI/kR DL

SS MIA302DE MG785013DL SW8270 BE NZO(b’~FLUORANTHENE 4700 R 2400 ua/kq DL

SS MIA303DL MG780014DL SW8270 BE NZO(b’~FLUORANTHENE 2OOO R 800 ua/ka DL

SS MIA004DL MG780015DL SW8270 BENZO{b)FLUORANTHENE 2700 R 1200 uq/kq DL

SS MIA188 MG77COD1 SW8270 BENZO(g,h t)PERYLENE 23000 R 1800 u~/kq DL
SS MIA189FD MG77OOO2 SWB270 BENZO(g h i)PERYLENE 93OO E R 35O uq/kq DL

SE M~AO28DL MG682010DL SW8270 BENZO(F~ h QPERYLENE 1800 R 1300 uq/kq DL

SE MTA015DL MG682018DL SW8270 BENZO(R h QPERYLENE 1700 R 1300 ua/ka DL

SS MIAO98DL MG767001 DL SW8270 BENZO(q h QPERYLENE 23OO R 2000 uF]lkq DL

SS M/A302DL MG780013DL SW8270 BENZO(q,h,I)PERYLENE 29OO R 2400 u~/kR DL

SS MIA3OODL MG785014DL SW8270 BENZO(q,h,QPERYLENE 1300 R 800 uR/k~ DL

SS MIA304DL MG785015DL SW8270 BE NZO(’Q,h,I~PERYLENE 1800 R 1200 ua kFI DL

SS MIA098 MG767001 SW8270 BE NZO(R’~FLUORANTHENE 32OO R 39O ua/ka DL

SS MIA188 MG770001 Sw8270 BENZO(k’JFLUORANTHENE 2400O E R 1800 ua/ka DL

SS MIA189FD MG770002 SW8270 BENZO(k}FLUORANIHENE 2O000 E R 35O uq/kq DL

SE MIA028DL MG682010DL SW8270 BENZO{k) FLUORANTHENE 2100 R 1300 uq/kq DL

SE MIA015DL MG682018DL SW8270 BENZO{k)FLUORANTHENE 1900 R 13(]O u~lkfl DL

SS MIA002DL MG780013DL SW8270 BENZO{k)FLUORANTHENE 40O0 R 24OO u~/kR DL

SS MIA300DL MG780014DL SWB270 BENZO{k)FLUORANTHENE 1500 R BOO ua/kq DL
SS MIA3Q4DE MG780015DL SVV8270 BENZO(kIFLUORANTHENE 28O0 R 1200 ucl/kq DL

SE MIA015DL MG682018DL SW8270 BENZYL BUTYL PHTHALATE 1300 R t300 uq/k# DL

SE MIA028DL MG682010DL SW8270 BENZYL BUTYL PHTHALATE 1300 U R 1300 ua/ko DL
SS MIAOO8DL MG767OO)DL SW8270 BENZYL BUTYL PHTHALATE 2000 U R 2[~0 ufl/kq DL
SS MIA188DL MG770001DL SW8270 BENZYL BUTYL PHTHALATE 1OOOO U R 10~0 uRtk~ DL
SS MIAIBgFDDL : MG770002DL SW8270 BENZYL BUTYL PHTHAUXTE 7100 U R 7~00 uqlk~ DL

SS MIA302DL MG785013OL SW8270 BENZYL BUTYL PHTHALATE 2400 U R 2400 uRlkq DL

SS MIA303DL MG785014DL I SW8270 BENZYL BUTYL PHTHALATE 80O U R 8OO ua/ka DL
SS MIA004DL MG780015DL SW8270 BENZYL BUTYL PHTHALATE 1200 U R 1200 uqfkq DL

SE MIA015DE MG682018DL SW8270 b,s(2-CHLOROETHOX~ METHANE 1300 U R 1300 uF!fkq DL

SE MIA028DL MG682010DL SW8270 bls(2-CHLOROETHOXY) METHANE 1300 U R 1000 DL

SS MIAO98DE MG767001DL SW8270 bls(2+C HLOROETHOXY/METHANE 2OOO U R 200O uq[kq DL

SS MIA188DL MG77CO31DL SW8270 blS{2-CHLOROETHOX~ METHANE 1OOOO U R 1OOOO u~IkR DL

SS MIA189FDDL MG770002DL SW8270 b,SC2-CHLOROETHOXY) METHANE 7100 U R 7100 u~/kq DL

SS MIA302DL MG780013DL SW8270 bls(2-CHLOROETHOXY) METHANE 2400 U R 24OO uq/kq DL

SS MIA303DL MG785014DL SW8270 b,S(2-CHLOROETHOXY) METHANE 8OO U R 8OO u~/kq DL
SS MIA304DL MG785015DL SW8270 b,S(2-CHLOROETHOXY) METHANE 1200 U R 1200 uq/kR DL

SE MIA015DL MG682018DL SW8270 btS(2-CHLOROETHYL’~ ETHER 1300 U R 1300 uq/kq DL

SE M~A028DL MG682010DL SW8270 b~s(2-CHLOROETHYL) ETHER 1300 U R 1300 uq(kq DL

SS MIA098DL MG767OO1DL SW8270 blS(2-CHLOROETHYL’~ ETHER 2OOO U R 2OOO ua/ka DL

SS MIA188DL MG770OO1DL SW8270 bis(2-CHLOROEI HYE) ETHER 1OOOO U R 1OO3O uqfkq DL

SS MIA189EDDL MG77OOO2DL SW8270 blS(2-CHLOROETHYL) ETHER 7100 U R 7100 uqlkq DL

SS MIA302DL MG780013DL SW8270 bts(2-CHLOROETHYL) ETHER 2400 U R 2400 uR/kq DL

SS MtAOO3DL MG785014DL SW8270 b~S{2-CHLOROETHYL) ETHER 8OO U R 8OO uq/k~ DL

SS MIA304DL MG780015DL SW8270 bts{2 CHLOROETHYL) ETHER 1200 U R 1200 uq/kq DL

SS MIAO~SDL MG767001 DL SW8270 D~S(2-ETHYLHEXYL) PHTHALATE 28O(3 U R 2OOO ualka DL

SS MIA188DL MG770001DL SW8270 b~S(2*ETHYLHEXYL) PHTHALATE 10OOO U R 1OOOO uRlkq DL

SS MIA189FDDE MG7700OODL SW8270 bis(2-ETHYLHEXYL) PHTHALATE 7100 U R 7100 uq/k~ DL

SS MIA302DL MG780013DL SW8270 bS(2-ETHYLHEXYL) PHTHALATE 24OO U R 2400 uq/kq DL
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SS MIA303DL MG785014DL SW8270 bls{2-ETHYLHEXYD PHTHALATE 80O U R 8OO uq/ka DL

SE MIAO28DL MG682010DL SW8270 blS~2-ETHYI_HEXYD PHTHALATE 260 J R 1300 ua/ka DL

SE MIA015DL MG682018DL SW8270 bls{2-ETHYLHEXYL) PHTHALATE 1400 R 1300 u~/kq DL=

SS MIA304D[ MG7&5015DL SW8270 blS{2-ETHYLHEXYL) PHTHALATE 190 J R 1200 ua/ka DL

SS MIA189FD MG770002 SW8270 CARBAZOLE 39OO E R 3,5O ua/ka DL

SE MIA015DL MG682018DL SW8270 CARBAZOLE 490 J R 1300 uq/k~ DL

SE M~A028DL MG682010DL SW8270 CARBAZOLE 46O J R 13(30 ua/ka DL

SS MtA098DL MG767001DL 536/8270 CARBAZOLE 770 J R 2O3O ua/ka DL
SS MfAI88DL MG770001DL SW8270 CARBAZOLE ~000 J R 10000 I ua/ka DL

SS MIA302DL MG785013DL SW8270 CARBAZOLE 22OO J R 2400 u~/k~] DL

SS MiA303DL MG785014DL SW8270 CARBAZOLE 640 J R 800 ua/ka DL

SS MtA304DL MG785015DL SW8270 CARBAZOLE 1100 J R 1200 ua/ka DL

SS MIA098 MG767001 SvV8270 CHRYSENE 39OO E R 39O ua/ka DL

SS MIA188 MG770001 SW8270 CHRYSENE 3OOOO E R 1800 uR/kq DL

SS MIA189FD MG7700[]2 SW8270 CHRYSENE 270O0 E R 35O uq/k~ DL

SE MiA028DL MG682010DL SW8270 CHRYSENE 26OO R 1300 uq/k~ DL

SE MIA015DL MG682018DL SW8270 CHRYSENE 26OO R 1300 uq/k~ DL

SS MIA302DL MG785013DL SW8270 CHRYSENE 540O R 24OO ua/kq DL

SS MIA303DL MG785014DL SW8270 CHRYSENE 1900 R 8OO uRlkfl DL

SS MIA304DL MG785015DL SW8270 CHRYSENE 34OO R 1200 uq/kR DL

SS MIA189FD MG770002 SW8270 DIBENZ(o h’>ANTHRACENE 560O R 350 uolko DL

SE MIA015DL MG6B2018DL SW8270 DIBENZ(o h’>ANTHRACENE ;3OO U R 1300 ua/ka DL

SE MIA028DL MG682010DL SW8270 DIBENZ~’o h)ANTHRACENE 1300 U R 1380 uq/kq DL

SS MIA098DL MG767001 DL SW8270 DIBENZ(a,h)ANTHRACENE 2OCO U R 2OOO uq/kq DL

SS MIA]88DL MG770001DL SW8270 DIBENZ{a h)ANTHRACENE 1OOOO U R 10CX]O I uq/kq DL

SS MIA302DL MG785013DL SW8270 DIBENZ(o h’JANTHRACENE 2400 U R 24OO ua/k!~ DL

SS MIA303DL MG785014DL SW8270 DIBENZfa h)ANTHRACENE 8OO U R 8OO ua/ka DL
SS MIA304DL MG785015DL SW8270 DiBENZ(a h)ANTHRACENE 1200 U R 1200 ufl/kfl DL

SE MIA015DL MG682018DL $W8270 DIBENZOFURAN 1300 U R 1300 DL

SS MIA188DL MG770001 DL SW8270 DIBE NZOFURAN 1OOOO U R iooco i uq/kq DL

SS MIAIB9FDDL MG770002DL SW8270 DIBENZOFURAN 7100 U R 7100 ualk~ DL

SE MIA028DL MG682010DL SW8270 DIBENZOFURAN 140 J R 1300 ua/ka DL

$3 M;A098DL MG767001DL SW8270 DIBENZOFURAN 240 J R 20OO uq/kq DL

SS MIA302DL MG785013DL SVV8270 DIBENZOFURAN 65O J R 24OO uR/kq DL

SS MIA303DL MG785014DL SW8270 DIBENZOFURAN 2OO J R 8OO uR/k~ DL

SS MIA304DL MG785015DL SW8270 DIBENZOFURAN 39O J R 1200 ua/ko DL

SE MIA015DL MG682018DL SW8270 DIETHYL PHTNALATE 1300 U R t300 uq/kR DL

SE MIA028DL MG682010DL SW8270 DIETHYL PHTHALATE 1300 U R 1300 ua/kn DL
SS MIAO98DL MG767001 DL SW8270 DI£THYL PHTHALATE 2OOO U R 2OOO ua/ka DL

SS MIAI88DL MG770001DL SW8270 DIETHYL PHTHALATE 10[]00 U R I00031 u~/kq DL

SS MIA189FDDL MG77CO)2DL SW8270 DIETHYL PHTHALATE 7100 U R 7100 ua/ka DL

SS MIA302DL MG785013DL SW8270 DIETHYL PHTHAI~TE 2400 U R 2400 uo/ko DL

SS MIA303DL MG785014DL SW8270 DIETHYL PHTHALATE 8OO U R 8OO ua/ka DL

SS MIA304DL MG785015DL SW8270 DIETHYL PHTHALATE 1200 U R 1200 ua/ka DL

SE MIA015DL MG682018DL SW8270 DIMETHYL PHTHALATE 1300 U R 1300 uqfkR DL

SE MIAO28DL MG682010DL SW8270 DIMETHYL PHTHALATE 1300 U R 13001 ua/ka DL

SS MIA098DL MG757001DL SW8270 DIMETHYL PHTHALATE 2OOO U R 20001 uq/kR DL

SS MIA188DL MG77(]001DL SW8270 DIMETHYL PHTHALATE 10000 U R 100(301 uflt’kfl DL

SS MtA189FDDL MG770002DL SW8270 D~METHYL PHTHALATE 7100 U R 7~00 I u~/kQ DL

SS MIA302DL MG785013DL SW8270 DIMETHYL PHTHALATE 2400 U R 240O ; u#/kq DL

SS MIA303DL MG785014DL SW8270 DIMETHYL PHTHALATE 8OO U R 8OO ua/ka DL

SS MIA304DL MG785015DL S~VB270 DIMETHYL PHTHALATE 1200 U R 120OI uF~t’kq DL

SS MIA098DL MG767001DL S’VV8270 DI-n-BUIYL PHTHALATE 2OO0 U R 20O0i ua/ka DL

SS MIA188DL MG770001DL SW8270 Dt-n-BUTYL PHTHALATE I00(30 U R I0000 i u~/kq DL

SS MIAI89FDDL MG770CO2DL SW8270 D[-n BUIYL PHTHALATE 7100 U R 71CO I uq/’kq DL

SS MIA302DL MG785013DL SW8270 DI-n+BUTYL PHTHALATE 2400 U R 24OO i u~t’k~ DL

SS MIA303DL MG785014DL SW8270 DI-n-BUIYL PHTHALATE 8OO U R 8OO uq/kn DL

SS MIA304DL MG785015DL SW8270 DI-n-BLJIYL PHTHALATE 1200 U R 12CO1 u~/kq DL

SE MIA028DL MG68201ODL SW8270 DI-n-BUTYL PHTHALATE 160 J R 13OO1 uq/kn DL

SE MIA015DL MGb82018DL SW8270 DI-n-BUTYL PHTHALATE 160 J R 13COI uq/k~ DL

SE MIA015DL MG682018DL SW8270 D/-n-OCTYLPHTHALATE ~300 U R 13~01 uq/kR DL

SE MIA028DL MG682010DL SW8270 Dl-n OCTYLPHTHALATE 1300 U R 13COI u~/k# DL

SS MIA098DL MG767001DL SW8270 DI-n-OC1~LPHTHALATE 2OOO U R 20001 uR/k~ DL

SS MIA188DL MG770001DL SW8270 DI-n-OCTYLPHTHALATE 1OOOO U R 1OOOO1 uq/kq DL

SS MIA189FDDL MG770002DL SW8270 DI-n-OCTYLPHTHALATE 7100 U R 7100 I uq/kq DL

SS MIA302DL MG785013DL SW8270 DI-n-OCTYLPHTHALATE 2400 U R 24OO I UCl/k~ DL

SS MIA303DL MG785014DL SW8270 Dl-n OCTYLPHTHALATE 8OO U R 8OO ua/ka DL

MIA304DL MG785015DL SW8270 DI-n-OCTYLPHTHALATE 1200 U R 1200’ uq/kq DL

SE MIA015DL MG682018DL SW8270 FLUORANTHENE 52OO R 13OO1 uq/k# DL

SE MIA028DL MG682010DL SW8270 FLUORANTHENE 57OO R 1300i ua/ka DL

SE MIA015 MG682018 SW8270 FLUORANTHENE 54OO R [>70 uq/kq DL
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SE MIA028 MG682010 SW8270 FLUORANTHENE 5400 E R 64O uQ/k~3 DL

SS MlA098 MG767001 SW8270 FLUORANTHENE 10[]00 E R 39O u~/kQ DL

SS MIA188 MG77000I SW8270 ELUORANfHENE 81OOO E R 1800 u~/k~ DL

SS MIAI89FD MG770002 SW8270 FLUORANTHENE 95OOO E R 35O uq/kq DL

SS MIA302 MG7&5013 SW8270 FLUORANTHENE 14O00 E R 1600 uq/kq DL

SS MIA5O3 MG785O14 SW8270 FLUORANTHENE 4000 E R 4OO ua/ka DL

SS MIA5O4 MG785015 SW8270 FLUORANTHENE 59OO E R 410 u~/kR DL

SE MIA0]5DL MG682018DL SWB270 FLUORENE 28O J R 1300 u~/kR DL

SE MIA008DL MG682010DL SW8270 FLUORENE 33O J R 1300 ua/ka DL

SS MIAO~8DL MG7675O1DL SW8270 FLUORENE 470 J R 20OO u~/k~ DL

SS MIA18BDL MG770001DL SW8270 FLUORENE 1500 J R 1OOOO u~Ik~ DL

SS MIAI89FDDL MG77CCC2DL SW8270 FLUORENE 98O J R 7100 uR/kg DL

SS MIA302DL MG785O13DL SW8270 FLUORENE 1100 J R 2400 u~/ko DL

SS MIA303DL MG785Ot4DL SW8270 FLUORENE 29O J R 8OO uQlka DL

SS MtA304DL MG785OlSDL $W8270 FLUORENE 610 J R 1200 un/k~ DL

SE MIA015DL MG682Ol 8DL ! SW8270 HEXACHLOROBENZENE 1300 U R 1300 u~Ika DL

SE MIA028DL MG682010DL ! SW8270 HEXACHLOROBENZENE 15O0 U R 1300 u~lk~ DL

SS MIA098DL MG767001DL : SW8270 HEXACHLOROBENZENE 2OOO U R 2OOO uo/ka DL
SS MIA188DL MG775O01DL SW8270 HEXACHLOROBENZENE 10OOO U R 100O0 un/kR DL

SS MiA189FDDL MG770002DL SW8270 HEXACHLOROBENZENE 7100 U R 7100 ua/ka DL

SS MIA302DL MG785013DL SW8270 HEXACHLOROBENZENE 2400 U R 2400 ua/ka DL

SS MIA303DL MG780014DL S’VV8270 HEXACHLOROBENZENE 800 U R 800 uq/kq DL

$S MIASO4DL MG785015DL SW8270 HEXACHLOROBENZENE 1200 U R 1200 uq/kq DL

SE MIA015DL MG682018DL SW8270 HEXACHLOROBUTADIENE 1300 U R 1380 u~lkq DL

SE M~A028DL MG682010DL SW8270 HEXACHLOROBUTADIENE 1300 U R 1300 uQ/kR DL

SS MIAO98DL MG767001 DL SW8270 HEXACHLOROBUTADIENE 2OOO U R 200O u~/kR DL

SS MIAt88DL MG770001DL SW8270 HEXACHLOROBUTADIENE 1OOOO U R 1OO0O uR/k~ DL

SS MIA189FDDL MG770002DL SW8270 HEXACHLOROBUTADIENE 7100 U R 7100 uatka DL

SS MIA302DL MG785OI3DL SW8270 HEXACHLOROBUTADIENE 2400 U R 2400 ualka DL

SS MIA303DL MG785O14DL SW8270 HEXACHLOROBUTADIENE 8OO U R 8OO uafka DL

SS MIA304DL MG785O15DL SW8270 HEXACHLOROBUTADIENE 1200 U R 1200 ua/ka DL

SE MIA015DL MG682018DL SW8270 HEXACHLOROCYCLOPE NTADIENE 1300 U R 1300 ua/ka DL

SE MIA028DL MG682010DL SW8270 HEXACHLOROCYCLOPE NTADIENE 1300 U R 1300 u~/k~ DL

SS MIA098DL MG767001DL SW8270 HEXACHLOROCYCLOPE NTADIENE 2OOO U R 2OOO uo/ka DL

SS MIA188DL MG770001DL SW8270 HEXACHLOROCYCLOPE NTADIENE 1OO0O U R 1O000 ua/ka DL
SS MIA189FDDL MG770002DL SW8270 HEXACHLOROCYCLOPENTADIENE 7100 U R 7100 uatkQ DL

SS MIA302DL MG785013DL SW8270 HEXACHLOROCYCLOPENTADIENE 24OO U R 2400 ua/ka DL

SS MIA303DL MG785014DL SW8270 HEXACHLOROCYCLOPENTADIENE 8O0 U R 80O ualka DL

SS MIA30,4DL MG785015DL SW8270 HEXACHLOROCYCLOPENTADIENE 1200 U R 1200 ua/ka DL

SE MIA015DL MG682018DL SW8270 HEXACHLOROETHANE 1300 U R 1300 uq/k~ DL

SE MIA0"28DL MG682010DL SW8270 HEXACHLOROETHANE 1300 U R 1300 uq/k~ DL

SS MIA098DL MG767001 DL SW8270 HEXACHLORO~HANE 2OOO U R 2OOO uR/kfl DL

SS M~A188DL MG770001DL SW8270 HEXACHLORO~HANE 1OO0O U R 1OOOO uR/k~ DL

SS MIAI89FDDL MG770002DL SW8270 HEXACHLOROETHANE 7100 U R 7100 u~fk~ DL

SS MIA302DL MG785OI3DL SW8270 HEXACHLOROETHANE 2400 U R 24OO u#/k# DL

SS MIA303DL MG785014DL SWB270 HEXACHLORO~HANE 8OO U R 8OO uo/ka DL

SS MIA304DL MG785015DE SW8270 HEXACHLOROETHANE 1200 U R 1200 uqfkq DL

SS MIA188 MG770001 SW8270 INDENO(I 2,3-c d)PYRENE 23000 E R 1800 ufl/kq DL

SS MIA189FD MG770002 SW8270 INDENO(I,2,3-C d)PYRENE I~000 E R 35O DL

SE MIAO28DL MG682010DL SW8270 INDENO(1 2 3-c d)PYRENE 1700 R 1300 ua/ka DL

SE MIA015DL MG682018DL SW8270 INDENO(t 2 3-c d)PYRENE 1500 R 1300 uq/kq DL

SS MIAO98DL MG767001DL SW8270 INDENO0,2,3-c,d}PYRENE 2100 R 2000 u#/kq DL

SS MIA302DL MG785O13DL SW8270 INDENO(I 2,3-c,d)PYRENE 3OOO R 24OO ug(kR DL
SS MIA303DL MG785OI4DL SW8270 INDENO(1 2,3-c d)PYRENE 1200 R 8OO u~/kR DL

SS MJA304DL MG785O15DL ~N8270 INDENO{1,2 3-c,d)PYRENE 19O0 = R 1200 u~/kR DL

SE MIAQ15DL MG6~2OI8DL SW8270 tSOPHORONE 1300 U R 1300 ua/kq DL

SE MIA028DL MG682010DL SW8270 ISOPHORONE 1300 U R 1300 DL

SS MIA098DL MG767001DL SW8270 ISOPHORONE 2OOO U R ’2£OO uR/k~ DL

SS MIA188DL MG770001DL SW8270 ISOPHORONE 1OOOO U R 1OOOO uR/k~ DL

SS MIAI89FDDL MG770002DL SW8270 ISOPHORONE 7100 U R 7100 uq(kq DL

SS MIA3~2DL MG785013DL SW8270 ISOPHORONE 2400 U R 24OO uqlkq DL

SS MIA303DL MG785O14DL SW8270 ISOPHORONE 8OO U R 8OO ualko DL

SS MIA304DL MG785O15DL Sw8270 ISOPHORONE 1200 U R 1200 ua/ka DL

SE MIA015DL MG682018DL SW8270 NAPHTHALENE 1300 U R 1300 uq/kq DL

SE MIA028DL MG682010DL SW8270 NAPHTHALENE 1300 U R 1300 uq/kq DL

SS MIA098DL MG767001DL SW8270 NAPHTHALENE 2OOO U R 2OOO u#/k~ DL

SS MIA188DL MG770001DL SW8270 NAPHTHALENE 1OOOO U R IO0(](] uq/kq DL

SS MIA189FDDL MG775OO2DL SW8270 NAPHTHALENE 7100 U R 7100 ualka DL

SS MIA302DL MG780013DI. SW8270 NAPHTHALENE 32O J R 2400 ua/ko DL

SS MtA303DL MG785O14DE SW8270 NAPHTHALENE 150 J R 8OO ¯ DL

SS MIA304DL MG785015DL SW8270 NAPHTHALENE 190 J R 1200 uR/k# DL
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SE MIA015DL MG6.B2018DL SW8270 NITROBENZENE 1300 U R 1300 u~/k~ DL

SE M~A028DL MG682010DL SW8270 NITROBENZENE 1300 U R 1300 u~/kn DL

SS MtAO98DL MG767001 DL SW8270 NITROBENZENE 2O(3O U R ’.2000 uq/k~ DL
SS MtA188DL MG770001 DL SW8270 NITROBENZENE 10OOO U R 10000~

u~/k~ DL

SS MIA189FDDL MG770002DL SW8270 NITROBENZENE 7100 U R 7)00 uq/k~ DL

SS MIA302DL MG785013DL SW8270 NITROBENZENE 2400 U R 2400 uq/k~ DL
SS MfA303DL MG785014DL SW8270 NITROBENZENE 80O U R 8OO uq/kq DL

.SS MtA304DE MG785015DL SW8270 NITROBENZENE 1200 U R 1200 uq/kq DL

SE MtA015DL MG68201BDL SW8270 N-NtTROSODPn-PROPYLAMINE 1300 U R 1300 uq/kq DL

SE MIA028DL MG682010DL SW8270 N-NITROSODI-n-PRO PYLAMIN E 1300 U R 1300 uqlkq OL

SS M~AO98DL MG767001 DL 5W8270 N-NITROSODt-n-PROPYLAMINE 2OOO U R 20OO uqtkQ DL

SS MIA188DL MG770001 DL SW8270 N-NITROSODI-n-PROPYLAMINE 1O500 U R 101100 uq/kq DL
SS MIA1B9FDDL MG770002DL SW8270 N-NffROSODI-n-PROPYLAMINE 7100 U R 7100 uq/k~ DL
SS M~A302DL MG785013DL SW8270 N-NITROSODI-n-PROPYLAMINE 2400 U R 24{]0 uq/kq DL

SS M~A303DL MG785014DL SW8270 N-NffROSODI-n-PROPYLAMINE 80O U R 8OO uq/kQ DL

SS MIA304DL MG785015DL SWB270 N- N~TROSODI-n-PRO PYLAMIN E 1200 U R 1200 u~/kq DL

SE MIA015DL MG682018DL SW8270 N-NITROSODIPHENYLAMINE 1300 U R 1300 u~/kq DL

SE MIAO28DL MG68’2010DL SW8270 N-NITROSODIPHENYLAMINE 1300 U R 1300 uqlkQ DL

SS MTAO98DL MG767001DL SW8270 N-NITROSODIPHENYLAMINE 2OOO U R 200O uq/kq DL
SS MIA188DL MG770001 DL SW8270 N-NITROSODIPHENYLAMINE 10OOO U R 100001 uq/kq DL
SS MiA189FDDL MG770002DL SW8270 N-NITROSODIPHENYLAMINE 7100 U R 7100 uq/kq DL

SS MIA302DL MG780013DL SW8270 N NITROSODIPHENYLAMINE 24OO U R 2400 uA/kq DL

SS MIA503DL MG785014DL SW8270 N-NITROSODIPHENYLAMINE 800 U R 80O u~/kq DL

SS MIA304DL MG785015DL SW8270 N-NITROSODIPHENYLAMIN E 1200 U R 1200 uR/k~ DL

SE MIA015DL MG682018DL SW8270 PENTACHLOROPHENOL 670 U R 670 uq/k~ DL

SE MlA028DL MG682010DL SW8270 PENTACHLOROPHENOL 64O U R 64O uq/kq DL

SS MIAO98DL MG767001DL SW8270 PENTACHLOROPHENOL 98O U R 98O uq/kq DL

SS MtA188DL MG770E]1DL 5W8270 PENTACHLOROPHENOL 5300 U R 53OO u~{kq DL

SS MIA189FDDL MG77000"2DL SW8270 PENTACHLOROPHENOL 3S00 U R 3,50O u~/k9 OL

SS MIA302DL MG785013DL SW8270 PENTACHLOROPHENOL 1200 U R 1200 uq/kq DL

SS MIA303DL MG78SOI4DL SW8270 PENTACHLOROPHENOL 40O U R 4OO uq/kq DL

SS MIA304DL MG78501SDL SW8270 PENTACHLOROPHENOL 610 U R 610 uq{kq DL

SS MIA098 MG767001 SW8270 PHENANTHRENE 67OO E R 39O u~/kq DL

SS MIA}88 MG770001 SW8270 PHENANTHRENE 25000 E R 1800 DL

SS MIA189FD MG77[X302 SW8270 PHENANTHRENE 32000 E R 350 ug/kq DL

SS MIA304 MG785015 SW8270 PHENANTHRENE 4700 E R 410 u~/k~ DL

SE MIA015DL MG682018DL SW8270 PHENANTHRENE 320O = R 1300 uo/k~ DL

SE MIA028DL MG682010DL 53N8270 PHENANTHRENE 2400 R 1300 uq/kq DL

SS MIA302DL MG785013DL SW8270 PHENANTHRENE 1OOOO R 24(30 DL= u~Ik~

SS MIA303DL MG785014DL SW8270 PHENANTHRENE 330O R 8OO uq/k~ DL

SE MIA015DL MG682018DL SW8270 PHENOL 1300 R 1300 uq/kq DL

SE MIA028DL MG682010DL SW8270 PHENOL 1300 U R 1300 uq/kq DL
SS MIAO98DL MG767001DL SW8270 PHENOL 20OO U R 2CO3 DL

SS M~AI88DL MG77O001DL SW8270 PHENOL 1OO00 U R lo500 q uq/kn DL

SS MIA~89FDDL MG770002DL SW8270 PHENOL 710(I U R 7100 ua/ka DL

SS MIA30"2DL MG785013DL SW8270 PHENOL 2400 U R 24OO DL

SS MIA303DL MG785014DL SW8270 PHENOL 8OO U R 8OO DL

SS MIA384DL MG785015DL SW8270 PHENOL 1200 U R 1200 u~/k~ DL

SS MtAO98 MG767001 SW8270 PYRENE 86OO E R 39O ua/ka DL
SS MIA188 MG770001 SW8270 PYRENE 7~ E R 1800 uq/kq DL

SS MIAt89FD MG770002 SW8270 PYRENE 740O0 E R 350 u~/kq DL

SS MIA304 MG78501S SW8270 PYRENE 4OOO E R 410 uq/k~ DL

SE MIA015DL MG6~2018DL SW8270 PYRENE 4700 R 1300 u~/k~ DL

SE MIAO2BDL MG682010DL SW8270 PYRENE 4900 R 1300 u~Ik~ DL

$S MIA302DL MG785013DL SW8270 PYRENE 94[]O R 2400 uq/kq DL

SS MIA303DL MG785014DL SW8270 PYRENE 32OO R uqtkq DL

SS MIA252 MG776021 SW6010 SILVER OO9 J 0051 mq/kq IB MS

MIA255 MG776024 SW6010 SILVER 031 TR J 0051 mq/kq IB MS

SS MIA256 MG776025 SW6010 SILVER 018 TR J OO52 I rnq/kq IB MS

SS MIA257 MG776026 SW6010 SILVER O11 TR J OO53 I rnq/kq IB MS

SS MIA259 MG776028 SW6010 SILVER 01 TR J OO53 1 mq/kq IB MS

SS MIA242 MG777003 SW60t 0 SILVER O2 TR J Oll rnq/kq IB, MS

SS MIA244 MG777004 SW60~0 SILVER O34 TR J 0o541 r’nq/kF~ IB, MS

SS MIA245 MG777005 SW6010 SILVER 044 TR J OO53 i m~/kq IB, MS

SS MIA246 MG777006 SW~010 SfLVER 061 TR J 02t mq/kq IB MS

SS MIA249 MG777(~9 SW~O;O SILVER O58 TR J 013 mq/kq IB MS

SS MIA250 MG777010 SW6010 SILVER OO9 TR J OO541 mq/kq IB MS

SS MIA251 MG777011 SW5010 SILVER 013 TR J 0 058 ’ ma/k~ IB, MS

SS MIA277 MG777015 SW501O SILVER 013 TR J 0054~ mq/kq IB MS

SS MIA280 MG777017 SW6010 ~LVER 021 TR J 0061 ma/k~ IB, MS

SS MIA282FD MG777019 SW501O SILVER 013 TR J OO56 i malka IB, MS
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SS MIA283 MG777020 SW~OlO SILVER O09 TR J O054 mq/kq IB MS

SS MIAD32 MG695004 SW6010 COBALT 42 TR J OO56 mq/kq IB SD

SE MIA0}3R MG682016R SW8260 1,1,1 -TRICHLOROETHANE 110 U R 110 up/ka IS

SE MIAOBBR MGBBBO10R SW8260 I, 1, I ITRICHLOROETHANE 21 U R 21 uq/kq IS
SE MIA013 MG682O16 SW8260 1,1,1 ITRICHLOROETHANE 11O u UJ 110 IS

SE MIA028 MG682O10 SW8260 1, I, 1 -TRICHLOROETHANE 21 U UJ 21 u~/kQ IS

SE MIA013R MG682016R SW8260 I, 1,2 2-TETRACHLOROETHANE 110 U R 110 up/k~ IS

SE MIAO28R MG68201OR SW8260 I r I r2,2-TETRACHLOROETHANE 21 U R 21 u~/k~ IS

SE MIA013 MG682O16 SW8260 I, 1,2,2-TETRACHLOROETHANE 110 U UJ 110 uq/kn IS

SE MIA028 MG682010 SW8260 1 1,2,2ITETRACHLOROETHANE 21 U UJ 21 uq/kq IS

SE MIA013R MG682016R SW8260 1 1,2-TRICHLOROETHANE 110 U R 110 uq/k~ IS

SE MIAO28R MG682OIOR SW8260 I, 1 2-1RICHLOROETHANE 21 U R 21 uq/kR IS

SE MIA013 MG682016 SW8260 1, I 2-TRICHLOROETHANE It0 U UJ 110 uq/kq IS

SE MIA028 MG682010 5W8260 1 I 2-IRICHLOROETHANE 21 U UJ 21 uqfkq IS

SE MIA013R MG682016R SW8260 1 1 -DICHLOROETHANE 110 U R 110 ualka IS

SE MIA028R MG682010R SWB260 1 11DtCHLOROETHANE 21 U R 21 ua/kq IS

SE MIA013 MG682O16 SW8260 1 1-DICHLOROETHANE 110 U UJ 110 uq/kq IS

SE MIA028 MG682010 SW8260 I,I-DICHLOROETHANE 21 U UJ 21 uq/kq ~S

SE MIA013R MG682016R SW8260 1 1-DICHLOROETHENE 110 U R 110 uq/kq ~S

SE MIA028R MG682010R SVV8260 1,1 -DICHLOROETHENE 21 U R 21 uq/kq tS

SE MIA013 MG682016 SW8260 lr 1 -DICHLOROETHENE 11O U UJ 110 uq/kR ~S

SE MIAO28 MG682OI0 SW8260 1,1 -DICHEOROETHENE 21 U LU 21 uq/kq IS

SE MIAOI3R MG682016R Sw8260 1 2 DICHLOROETHANE 110 U R 11O u#/k~ IS

SE MIAOBBR MG682O10R SW8260 12-DICHLOROETHANE 21 U R 21 uqIkR IS

SE MIA013 MG682O16 SW8260 1,2IDICHLOROETHANE 110 U UJ 110 u~/kq IS

SE MIA028 MG682010 SW8260 lr2IDICHLOROETHANE 21 U UJ 21 u~/k~ IS

SE MIA013R MG6820T6R SW8260 1 2-DICHLOROPROPANE 110 U R 110 uq/k~ IS

SE MIAO28R MG682O10R SW8260 1,2 DICHLOROPROPANE 21 U R 21 un/k# IS

SE MIA0]B MG682016 SW8260 1 2-DICHLOROPROPANE 110 U UJ 110 uq/k9 IS

SE MIA028 MG682010 SW8260 1 2-DICHLOROPROPANE 21 U UJ 21 uq/kq IS

SE MIA013 MG682016 5W8260 2IBUTANONE 120 J 110 uq/kq IS

SE MIA028 MG682010 SW8260 2-BUIANONE 4O J 21 uR/kn IS

SE MIAO13R MG682016R SW8260 2-BUTANONE 120 R 110 u~/k~ IS

SE MIA028R MG682010R SW8260 BIBUTANONE 22 R 21 uq/kq IS=

SE MIA013R MG682OlbR SW8260 2-HEXANONE 110 U R 110 u~/k~ IS

SE MIAO28R MG682O10R SW8260 2-HEXANONE 21 U R 21 ua/ka IS

SE MIA013 MG682016 SW8260 2-HEXANONE 110 U UJ 110 uq/kq IS

SE MIA028 MG682OI0 SW8260 2IHEXANONE 21 U UJ 21 uq/kq IS

SE MIA013R MG682O16R 5W8260 ACETONE 1600 R 110 uq(kq IS

SE MIAO28R MG682010R SW8260 ACETONE 120 R 21 uq/k~ ~S=

SE MIA013R MG682016R SW8260 BENZENE 110 U R 110 uq/k~ ~S

SE M]AO28R MG682010R SWB260 BENZENE 21 U R 21 uq/kq IS

SE MIA013 MG682O16 SW8260 BENZENE 11O U UJ lt0 u~/k~ IS

SE MIA013R MG682016R SW8260 BROMODICHLOROMETHANE ~I0 U R 110 uq/k~ IS

SE MIA028R MG68201OR SW8260 BROMODICHLOROMETHANE 21 U R 21 u~lkq IS

SE MIA013 MG682Ol6 SW8260 BROMODICHLOROMETHANE 110 U UJ 110 u~/k~ IS

SE MIA028 MG682O10 SW8260 BROMODICHLOROMETHANE 21 U UJ 21 ua/ka IS
SE MIA013R MG682O16R SW8260 BROMOFORM 110 U R 110 uq/kq IS

SE MIA028R MG682010R SW8260 BROMOFORM 21 U R 21 u~/k~ IS

SE MIA013 MG682016 SW8260 BROMOFORM 110 U UJ 110 uq/k~ IS

SE MIA028 MG682010 SW8260 BROMOFORM 21 U UJ 21 uq/k~ IS

SE MIAO13R MG682016R SW8260 BROMOMETHANE 110 U R 110 uq/kq IS
SE MIAO28R MG682O10R SW8260 BROMOMETHANE 21 U R 21 uqlkq IS

SE M1A013 MG682016 SW8260 BROMOMETHANE 110 U UJ 110 ua/ka IS

SE MIA028 MG682010 SW8260 BROMOMETHANE 21 U UJ 21 uq/kq IS

SE MIA013R MG682016R SW8260 CARBON DISULFIDE 22 J R 110 uq/kq IS

SE MIA028R MG682010R 5W8260 CARBON DISULFIDE 3 J R 21 ualka IS

SE MIA013R MG682016R SW8260 CARBON FETRACHLOR~DE 110 U R 110 UR/kQ IS

SE MIA028R MG682O10R SW8260 CARBON TETRACHLORtDE 21 U R 21 u~/k~ IS

SE MIA013 MG682016 SW82~0 CARBON TETRACHLORtDE 110 U UJ 110 uq{kq IS

SE MIA02B MG682010 SW8260 CARBON TETRACHLORIDE 21 U UJ 21 uQfkQ IS

SE MIA013R MG682016R SW8260 CHLOROBENZENE 110 U R 110 u~/~ ls

SE MIAO28R MG682O10R SW8260 CHLOROBENZENE 21 u R 21 u~fk9 IS

SE MIAB13 MG682016 SW8260 CHLOROBENZENE 110 U UJ 11O uq/~ ~s

SE MIA028 MG682010 SW8260 CHLOROBENZENE 21 U UJ 21 IS

SE MIA013R MG682016R SW826g CHLOROETHANE 1t0 U R 110 ~S

SE MIAO28R MG682O10R S’W8260 CHLOROETHANE 21 U R 21 uq/kq IS

SE MFA0}3 MG682016 SW8260 CHLOROETHANE 110 U UJ 110 ua/ka IS

SE MIA028 MG682O10 SW8260 CHLOROETHANE 21 U UJ 21 uq/k~ IS

SE MIA013R MG682010R SW8260 CHLOROFORM 110 U R 110 uRfk~ IS

SE MIA02BR MG682010R SW8260 CHLOROFORM 21 U R 21 ua/ka IS
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SE MIA013 MG682016 SW8260 CHLOROFORM 11O U UJ 110 uQ/kA IS

SE MIA028 MG682010 SW826Q CHLOROFORM 21 U UJ 21 I uR/kQ ~S
SE MIA013R MG682016R SW8260 CHLOROMETHANE 110 U R 110 , u~fk~ IS

SE MIA02BR MG68201OR SW8260 CHLOROMETHANE 21 U R 21 , uqfkq IS

SE MIA013 MG6B2016 SW82EO CHLOROMETHANE 110 U UJ 110 I uq{kq IS

SE MIA028 MG682010 SW8260 CHLOROMETHANE 21 U LU 21 u~{kq IS

SE MIA013R MG682016R SW8260 cls-I 3-DICHLOROPROPENE 110 U R 110 ’ u~{kQ IS

SE MIA028R MG682010R SW8260 cls-I 3-DICHLOROPROPENE 21 U R 21 ufl/kfl IS

SE MIAO13 MG682016 SW8260 cis-1 3*DICHLOROPROPENE 110 U UJ 110 i IS

SE MIA028 MG682010 SW8260 cls-1 3-DICHLOROPROPENE 21 U UJ 21 1 uQ/kQ IS

SE MIA013R MG682016R SW8260 DIBROMOCHLOROMETHANE II0 U R 110 J un/kq IS

SE MIAO28R MG682010R SW8260 DIBROMOCHLOROMETHANE 21 U R 21 I uQ/kQ IS

SE MIA0]3 MG682016 SW8260 DIBROMOCHLOROMETHANE I10 U UJ 110 uQ/kQ IS

SE MIA028 MG682010 SW8260 DIBROMOCHLOROMETHANE 21 U UJ 21 uq/k~ IS

SE MIA013R MG682016R SW8260 ETNYLBENZENE 110 U R 110 uq/kq IS

SE MIA028R MG68201OR SW8260 ETHYLBENZENE 21 U R 21 uQlkQ IS

SE MIA013 MG682016 SW8260 ETHYLBENZENE 110 U UJ 110 J ug/kQ IS

SE MIA028 MG682010 SW8260 ~HYLBENZENE 21 U UJ 21 u~/kn IS

SE MIA013R MG682016R SW8260 METHYL ISOBUTYL KETONE 110 U R 110 I uQ/kQ IS

SE MIA028R MG68201OR SWB2bO METHYL ISOBUTYL KETONE 21 U R 21 I u~/kn IS

SE MIA0]3 MG682016 SW8260 METHYL ISOBUTYL KETONE 110 U UJ 110 i u~/k~ IS

SE MIA028 MG682010 SW8260 METHYL ISOBUTYL KETONE 21 U UJ 21 uQ/kq IS

SE M}A013R MG6~2016R SW8260 METHYLENE CHLORIDE 21 J R 110 1 uq/kq IS

SE MIA028R MG~2OIOR SWB260 METHYLENE CHLORIDE 4 J R 21 I uq/kq IS

SE M~AO13R MG682016R SW8260 STYRENE 110 U R 110 I uq/kq IS

SE MIA028R MG682010R SW8260 STYRENE 21 U R 21 uq/k~ IS

SE MIA013 MG682016 SW8260 STYRENE 110 U LU 110 I u~/k~ IS

SE MIA028 MG682010 SW82~0 STYRENE 21 U LU 21 i uq/k~ IS

SE MIA013R MG682016R SW8260 TETRACHLOROETHYLENE{PC E) II0 U R 110 I uq/kq IS

SE MIAO28R MG682010R SW8260 TETRACHLOROETHYLENE{PCE) 21 U R 21 I u~/k~ IS

SE MIAO13 MG682016 Sw8260 TETRACHLOROBHYLENE(PCE’I 110 U UJ 110 I u~/k~ IS

EE MIA028 MG682010 SW8260 TETRACHLOROETHYLENE~’PCE) 21 U UJ 21 uq/kq IS

SE MIA013R MG682016R SW8260 TOLUENE 13 J R II0 I uq/kq IS

SE MIA028R MG682010R SW8260 TOLUENE 21 U R 21 I uq/kq IS

SE MIA013 MG682016 SW8260 TOLUENE 110 U UJ II0 I uR/kq IS

SE MIA028 MG682010 5W8260 TOLUENE 21 U LU 21 uQ/kQ ~S

SE MIA028R MG682010R SW8260 TOTAL 1 2-DICHLOROETHENE 2 J R 21 I uq/k~ ~S

SE MIA013R MG682016R SW8260 TOTAL 1 2-DICHLOROETHENE 110 U R 110 I uq/kq IS

SE M~A013 MG~2016 SW8260 TOTAL 1 2-DICHLOROE~HENE 110 U UJ 110 uR/kR IS

SE M~A028 MG682010 SW8260 TOTAL 1 2-DICHLOROETHENE 21 U UJ 21 ufl/kQ ~S

SE MIA013R MG682016R SW8260 TotolX~enes 110 U R 110 ufl/kq IS

SE MIA028R MG682010R SW8260 TotolX~enes 21 U R 21 1 uQ/kQ IS

SE MIAO13 MG682016 SW8260 TotolX~enes 110 U UJ 110 un/kQ IS

SE MIA028 MG682010 SWB260 TotalX~enes 21 U UJ 21 un/kR ~S

SE MIA013R MG682016R SW8260 trons 1 3-DICHLOROPROPENE 110 U R 110 I uQ/k~ IS

SE MIAO28R MG6~2OIOR SW8260 trons-1 3-DICHLOROPROPENE 21 U R 21 uQ/kQ IS

SE MIA013 MG682016 SW8260 trons-I 3-DICHLOROPROPENE 110 U UJ 110 uQlks IS

SE MIA028 MG682010 SW8260 trans-1,3-DICHLOROPROPENE 21 U UJ 21 , uQ/kQ IS

SE MIAO13R MG682015R SW8260 TRIC HLOROETHYLENE ~TCE) 110 U R 110 I uQ/kQ IS

SE MIAO28R MG682010R SW8260 TRIC HLOROETHYLENE ~TCE’~ 21 U R 21 i uQ/kQ IS

SE MIAO13 MG682016 SW8250 TRIC HLOROETHYLENE GCE3 110 U UJ 110 I ufl/kq ~S

SE MIA028 MG682010 SW8260 TRICHLOROETHYLENE {TCE) 21 U UJ 21 i uq/kq ~S

SE MIA013R MG582016R DN8260 VINYL CHLORIDE 110 U R 110 uq/kq IS

SE MIA028R MG682010R SW82~0 VINYL CHLORIDE 21 U R 21 I uq/kq ~S

SE MIA013 MG682016 SW82~0 VINYL CHLORIDE 110 U UJ IIO I uq/kq IS

SE MIA028 MG682010 SW8260 VINYL CHLORIDE 21 U UJ 21 I uRlkQ IS

SS MIA330 MG757002 5W6010 ANTIMONY 06 TR J 019 mq/kq MS

SS MIA331 MG757003 SWd010 ANTIMONY O34 TR J O2 I mq/kq MS

SS MIA332 MG757004 5W6010 ANTIMONY 041 TR J O2 I mQ/kR MS

SS MIA333 MG757005 SW6010 ANTIMONY O 24 TR J 019 1 rnq/kq MS

SS MIA336 MG757008 SW~lO ANTIMONY 0 24 TR J 02 I mq/kq MS

SS M~A337 MG757009 SW6010 ANTIMONY O 25 TR J 018 I mq/kfl MS

SS MIA338 MG757010 SW6010 ANTIMONY 021 TR J 0t8 ! mq/kq MS

SS MIA349 MG757012 SW6010 ANTIMONY 048 TR J 021 I m~/kn MS

SS MIA350 MG757013 SW6010 ANTIMONY 042 TR J 02 mq/kn MS

SS MIA351 MG757014 SW6010 ANTIMONY 043 TR J 019 I mq/kq MS

SS MIA188 MG770001 SW6010 ANTIMONY 22 TR J 09 m~/kQ MS

SS MIA1B9FD MG770002 SW6010 ANTIMONY 25 TR J 09 1 mQ/kq MS

SS MIA193 MG770006 SW6010 ANTIMONY O73 TR J 02 rnq/kQ MS

SS MIA328FD MG757001 SW6010 ANTIMONY 019 U R 019 1 mR/kfl MS

SS MIA3M MG757006 SW6010 ANTIMONY 019 U R 019 1 mq/k~ MS
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SS MIA335 MG757007 SW6010 ANTIMONY 021 U R 021 rag/k# MS

SS MIA339 MG757011 SW6010 ANTIMONY 019 U R 019 mq/’k# MS

SS MIA032 MG695004 SW6010 ANTIMONY 019 U UJ 019 mq/kq MS

SS MIAO33 MG695005 SW6010 ANTIMONY 042 TR J O2 mq/kq MS

SS M1A837 MG695008 SW6010 ANTIMONY 019 U UJ 019 mq/kq MS

SS MIA040 MG695011 SW6010 ANTIMONY 018 U UJ 018 malka MS

SS MIA041 MG695012 sw~o}O ANTIMONY 018 U UJ 018 mqfkq MS

SS MIAO34FD MG695006 SW6010 ANTIMONY 02 U UJ O2 mq/k~ MS

SS MIAI32 MG785(Y]3 ~6010 ANTIMONY 0 79 TR R 0 19 mQ/kq MS

SS MIA261 MG777012 SW6010 ANTIMONY 49 1 TR J 37 mqt’kq MS

SS MIA285 MG777022 SW6010 ANTIMONY 0 79 TR J 02 mq/kQ MS

SS MIA269 MG778027 SW6010 ANTIMONY 168 J 019 ma/ka MS

SS MIA 1 .$3 MG756001 SW6010 ANTIMONY 042 J 019 ma/ka MS

SS MIA155 MG756003 SW6OlO ANTIMONY 034 TR J O2 mQ/ka MS

SS MIA157 MG756005 S’W6010 ANTIMONY O 26 TR J 019 ma/ka MS

SS MIA1S8 MG7S6006 SW6~lO ANTIMONY 0 37 TR J 019 mR/k~ MS

SS MiAI59 MG756C07 SW6Ol0 ANTIMONY 3 TR J 0 96 malka MS

SS MIA160FD MG756008 SW(~]l ANTIMONY 45 TR J 038 mR/kq MS

SS MIA162 MG756009 SW6010 ANTIMONY O58 TR J 019 mR/kR MS

SS MIAt63 MG756010 SW6010 ANTIMONY 0 49 TR J 02 mq{k~ MS

SS MIA165 MG756012 SW6010 ANTIMONY O 23 TR J 02 mq/kq MS

SS MIAI~ MG756013 SW6010 ANTIMONY 0~4 TR J 019 mq/kq MS

SS MIA167 MG7560t4 SW6010 ANTIMONY 049 TR J 021 mq/kq MS

S$ MIAI71FD MG756018 SW6010 ANTIMONY 046 TR J 019 mq/kq MS

SS MIA172 MG756019 Sw6010 ANTIMONY 0 32 TR J 019 m~/k~ MS

SS MIA325 MG756025 SW6010 ANTIMONY I01 TR J 077 r~/k9 MS

SS MIA226 MG776008 SW6010 ANTIMONY 26 TR J 0 76 r’~/k~ MS

SS MIA233 MG776014 5W6010 ANTIMONY 071 TR J O2 mq/kq MS

SS MIA234 MG776015 SW6010 ANTIMONY 5 TR J 0 73 mq/kq MS

SS MIA238 MG776018 SW6010 ANTIMONY 63 TR J 18 mq/kq MS

SS MIA252 MG776021 SW6010 ANTIMONY 39 TR J O 88 mq/kq MS

SS MIA2.SS MG776024 SW6010 ANTIMONY 147 TR J 0 89 mq/kR MS

SS MIA25b MG776025 SW6010 ANTIMONY 32 TR J O 18 mqfkq MS

SS MIA258 MG776027 SW6010 ANTIMONY 27 TR J O9 mq/kq MS

SS MIA241 MG777002 S’W6010 ANTIMONY 091 TR J 02 ma/ka MS

SS MIA242 MG777003 SW6010 ANTIMONY 15 TR J 037 mqfkq MS

SS MIA244 MG777CO4 SW6010 ANTIMONY 27 TR J 019 mq/kq MS

SS MIA245 MG777g05 SW6010 ANTIMONY 29 TR J 018 mq/kq MS

SS MIA246 MG777g06 SW6010 ANTIMONY 74 TR J 072 ma/ka MS

SS MIA249 MG777009 SW6010 ANTIMONY 48 TR J 0 45 mq/kq MS

SS MIA250 MG777010 SW6010 ANTIMONY 11 TR J 019 mq/kq MS

SS MIA251 MG777011 Svv6010 ANTIMONY O86 TR J O2 mq/kq MS

SS MIA262 MG777013 SW6010 ANTIMONY 59 TR J 19 rnq/kq MS

SS MIA263 MG777014 SW6010 ANTIMONY 0 96 TR J 0 37 mR/k~ MS

SS MIA277 MG777015 SW6010 ANTIMONY 041 TR J 019 mq/kq MS

SS MIA278FD MG777016 SW6010 ANTIMONY 0 87 TR J O2 mQ/kQ MS

SS MIA280 MG777017 SW6010 ANTIMONY t5 TR J 021 mq/kq MS

SS MIA281 MG777018 SW6010 ANTIMONY 0 37 IR J O2 mq/kq MS

SS MIA283 MG777020 SW6010 ANTIMONY 064 TR J 019 m~/k~ MS

SS MIA284 MG777021 SW6010 ANTIMONY 0 74 TR J 019 ma/ka MS

SS MIA2B6 MG777023 SW6010 ANTIMONY O3 TR J O22 mqfkq MS

SS MtA287 MG777024 SW6010 ANTIMONY O53 TR J 021 mq/kq MS

SS MIA288 MG777025 SW6010 ANTIMONY 0 39 TR J 021 mq/kq MS

SS MIA243 MG778021 SW6010 ANTIMONY 28 TR J 018 mq/k~ MS

SS MIA265 MG778023 SW6010 ANTIMONY 32 TR J 18 m~/k# MS

SS MIA275 MG778001 SW6010 ANTIMONY 43 TR J 092 mq[kq MS

SS MIA313 MG778010 SW6010 ANTIMONY 74 TR J 18 m~/k9 MS

SS M~A314FD MG778011 SW6010 ANTIMONY 128 TR J 18 m£/k# MS

SS MIA315 MG778012 SW6OI0 ANTIMONY 79 TR J t9 mq/kq MS

SS MIA31b MG778013 SW6010 ANTIMONY 9 TR J 18 mq/kq MS

SS MIA295 MG785007 SW6010 ANTIMONY 29 TR J 018 mq/kq MS

SS MIA296 MG785008 SW6010 ANTIMONY 21 TR J 018 mq/kq MS

SS MIA297FD MG78S009 SW6010 ANTIMONY 2 TR J 018 mq/kq MS

SB MIA074 MG743012 SW6010 ANTIMONY 0 33 TR R O2 mfl/k# MS

SB MIA076 MG743014 SW6010 ANTIMONY 0 B5 TR R 021 mq/kq MS

SB MIA125 MG743020 SW6010 ANTIMONY 042 TR R 021 mqfkq MS

SS MIA134 MG743023 SW6010 ANTIMONY O54 TR R O2 m#/kR MS

SS MIA137 MG743002 S’W6010 ANTIMONY 04 TR R 02 mq/kq MS

SS MIAI38 MG743CG3 Sw’6010 ANTIMONY 0 96 TR R O2 mq/kq MS

SS MIAI39FD MG743CC4 SW6010 ANTIMONY 0 95 TR R O2 malka MS

SS MIAI41 MG743005 SW6010 ANTIMONY 0 48 TR R 019 mg/kq MS
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ATrACHMENT A
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Analytical FLnat Lab Flnol

Mahix Sample ID Lab Sample ID Method Poromeler Result Qual Quol Det Limtl Units ~ucII Reo$on

MIA142 MG743036 SW6010 ANTIMONY O7 TR R O2 mQ/k# MS

SS MIA143 MG743007 SW6010 ANTIMONY 05 TR R 02 m#/k# MS

MIA144 MG743C08 SW6010 ANTIMONY O35 TR R* 019 n~/kQ MS
SS MIAI45 MG743009 SW6010 ANTIMONY 027 TR R 019 mR/k9 MS
SS MIA}28 MG7854~1 SW6010 ANTIMONY 1 TR R O2 m~/kR MS

SS MIA129FD MG785002 SW6010 ANTIMONY 16 TR R O2 m~/k~ MS

SS MIA299 MG785010 SW6010 ANTIMONY 16 TR R 018 m~/k~ MS
SS MIA302 MG785013 SW6OIO ANTIMONY 058 TR R O2 mg/k~ MS

SS MIA303 MG785014 SW6010 ANTIMONY 071 TR R 02 m~/k~ MS

SS MIA304 MG785015 S~6OlO ANTIMONY 0 76 TR R 021 m~/k~ MS
SS MIA218 MG776001 SW6OIO ANTIMONY O 98 TR LU 021 mQlkQ MS
SS MIA220 MG776003 SW6010 ANTIMONY 13 TR UJ 021 n~/kq MS

SS MIA221 MG776004 SW6010 ANTIMONY 11 1R UJ 021 m~/k~ MS

SS MIA222 MG776005 SW6OIO ANTIMONY 1 1R UJ 021 mq/kQ MS
SS MIA223FD MG776006 SW6OIO ANTIMONY 12 1R LU O2 n~/kq MS
SS

MIA225 MG776007 SW6OIO ANTIMONY 076 TR UJ 021 m~/kq MS
SS

MIA227 MG776009 SW6010 ANTIMONY 0 96 TR UJ 019 rnq/kq MS
SS MIA228 MG776010 sw~;o ANTIMONY 073 TR UJ O2 mq/kq MS
SS MIA229 MG77~}I I SW6010 ANTIMONY 11 TR UJ 021 mq/kq MS

SS MIA230 MG776812 SW6010 ANTIMONY 068 TR UJ O2 rT~/kq MS

SS MIA231FD MG77~4113 SW6OIO ANTIMONY 066 TR UJ O2 rT’~/kq MS
SS MIA236 MG776016 SW6OIO ANTIMONY I1 TR UJ 019 mq/kq MS
SS

MIA239 MG776019 SW6010 ANTIMONY 047 TR UJ 019 MS

SS MIA240 MG776020 SW6010 ANTIMONY 0 22 TR UJ 018 mq/kq MS

S$ MIA253 MG776022 $w6010 ANTIMONY 11 TR UJ O2 mq/kq MS

SS MIA254 MG776023 SW6010 ANTIMONY 0 75 TR UJ O2 rn~/k~ MS
SS MIA257 MG776026 SW6OIO ANTIMONY 086 TR UJ 018 mq/kQ MS

SS MIA259 MG776028 SW6OIO ANTIMONY 12 TR UJ 018 mq/kq MS
SS MIA260 MG776029 SW6010 ANTIMONY 0 85 TR UJ O2 mqlkq MS

SS MIA264 MG778022 SW6010 ANTIMONY 12 TR UJ 019 mq/kq MS

SS MIA270 MG778028 SW6010 ANTIMONY 11 TR UJ 019 mq/kA MS

SS MIA305 MG778003 SW6010 ANTIMONY O 48 TR UJ 021 mq/kq MS

SS MIA3O6 MG778004 SW6010 ANTIMONY 04 TR UJ O2 mQ/kq MS

SS MIA309 MG778006 SW6010 ANTIMONY O22 TR UJ 019 mq/k~ MS

SB MIA075 MG743013 SW6010 ANTIMONY 021 U R 021 mq/k~ MS

SB M;AI26 MG743021 SW6010 ANTIMONY 021 U R 021 mq/kq MS

SB MIA127 MG743022 SWeOl0 ANTIMONY 021 U R 021 n~q/kq MS

SS MIA156 MG756G04 SW6010 ANTIMONY 019 U R 019 rnq/kq MS

SS MIAI~4 MG756011 SW6010 ANTIMONY O2 U R O2 mq/kq MS

SS MIAI68 MG756015 SW6010 ANTIMONY O2 U R O2 mq/k~ MS
SS MIAI6R MG7FxS016 SW6010 ANTIMONY 019 U R 019 mq/kq MS

SS MIA170 MG7~017 SW6010 ANTIMONY 019 U R 019 mR/kQ MS

SS MIA173 MG7,56020 Svv6010 ANTIMONY 02 U R O2 mQ/kQ MS

SS MIA326 MG756026 SW6010 ANTIMONY 019 U R 019 mQ/kQ MS

SS MIA327 MG756027 SW6010 ANTIMONY 018 U R 018 mQ/k~ MS

SS MIA237 MG776017 SW6010 ANTIMONY 018 U LU 018 mq/kQ MS

SS MIA247 MG777007 SW6010 ANTIMONY 019 U UJ 019 mQ/kQ MS
SS MIA248 MG777003 SW6Ol0 ANTIMONY 019 U UJ 019 mQ/kq MS

SS MIA282FD MG777019 SW6010 ANTIMONY 019 U U,J 019 mQ/kQ MS

SS MIA289 MG777026 SW6010 ANTIMONY 019 U UJ Ol9 mq/kq MS

SS MIA2qO MG777027 SW6010 ANTIMONY 02 U UJ O2 mq/kq MS

SS MIA291 MG777028 SW6010 ANTIMONY 018 U UJ O )8 mQ/kQ MS

SS MIA307FD MG778003 SW6010 ANTIMONY O2 U UJ 02 m£/kfl MS

Ss MIA328FD MG757001 SW6010 CADMIUM t5 J O0093 q n~/kQ MS

SS MIA334 MG757003 SW6010 CADMIUM I J 0 O096 mQlkQ MS

&S MIA338 MG757010 SW6010 CADMIUM 31 J O0O9 mq/kq MS

SS MIA330 MG757002 SW6010 CADMIUM 0 24 J OO097 I mqfkQ MS

SS MtA331 MG757003 SW6010 CADMIUM 014 TR J 00399 I mq/kQ MS

SS MlA332 MG757004 SW6OlO CADMIUM 015 TR J 00] mq/kq MS
SS MIA333 MG757C05 SW64310 CADMIUM 019 TR J 00097 I mq/kq MS

SS MIA335 MG757C07 SW6010 CADMIUM 0 24 TR J 001 mq/kq MS

SS MIA336 MG757008 SW6010 CADMIUM 016 TR J 00099 I mq/kq MS

SS MIA337 MG757009 SW6010 CADMIUM 027 TR J 00091 I mq/kfl MS

MIA339 MG757011 SW6010 CADMIUM 016 TR J 00094 I mq/kq MS

MIA349 MG757012 SW6010 CADMIUM 014 TR J 0 011 rnqfkq MS

SS MIA350 MG757013 SW6010 CADMIUM 011 TR J O01 mq/kR MS

SS MiA351 MG7570M SW6010 CADMIUM 008 TR J 00396 I m~/kQ MS

SS MtA160FD MG756008 SW6OIO CADMIUM 13 J 0 019 mq/kQ MS

SS MIA164 MGT~ll SW6OI0 CADMIUM 11 J 0 OO98 mq/k~ MS

SS MIAI71FD MG756018 SW6010 CADMIUM 07 J OOO94 ! rna/ka MS

SS MIA325 MG756025 SW6010 CADMIUM 27 J 0 039 mq/kq MS
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Analyhcal Final Lab Final
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SS MIA153 MG7,5600 ~ SWBO10 CADMIUM O55 TR J 0 O093 mq/kR MS

SS MLA155 MG756003 SWBO10 CADMIUM O29 TR J 001 mq/kR MS

SS M~A156 MG7560O4 SWB010 CADMIUM O5 TR J 0 OO96 mq/kQ MS

SS MIA157 MG7~ Sw~olo CADMIUM 04b TR J 0 OO95 rnalka MS

SS MIA158 MG756006 SWB010 CADMIUM 0 25 TR J 0 0O95 ma/ka MS

SS MIA159 MG756007 Sw6010 CADMIUM O66 TR J O O48 r’r,Q/kQ MS

SS MIA162 MG756009 SWB010 CADMIUM 012 TR J 0 0096 rn~/k~ MS

SS MIA163 MG756010 SW6010 CADMIUM 016 TR J 0 O098 mq/k~ MS

SS MIA165 MG756012 SWB010 CADMIUM 011 TR J OOl mq/kA MS

SS MIA156 MG756013 SW6010 CADMIUM 013 TR J 00097 m~/k~ MS

SS MIA167 MG756014 SWB010 CADMIUM 0 57 TR J 0011 mq/kQ MS

SS MIA168 MG756015 SWB010 CADMIUM 017 TR J 0 0098 malka MS

SS MIA16R MG756016 SWB01O CADMIUM 017 TR J 0 0094 mR/kR MS

SS MIA170 MG756017 5W6010 CADMIUM 0 49 TR J 0 OO95 mq(kq MS

SS MIA172 MG756019 SWB010 CADMIUM 012 TR J 0 O093 mqlkq MS

SS MIA173 MG7560"20 SW6010 CADMIUM 013 TR J 0 0098 mqt’kq MS

SS MIA326 MG756026 SwB010 CADMIUM O29 TR J 0 0096 rnq/kQ MS

SS MIA327 MG756027 SW6010 CADMIUM 051 TR J O0O9 r’nFl/k~ MS

SS MIA032 MG6958O4 SWB010 CHROMIUM TOTAL 122 J 012 rT~lk~ MS

SS MIA033 MGBRB005 SW6010 CHROMIUM TOTAL 132 J 012 mq/kq MS

SS MIA034FD MGBRBQ06 SWB010 CHROMIUM TOTAL 95 J 012 mq/k~ MS

SS MIA037 MG695(X~ SW6010 CHROMIUM, TOTAL 149 J 012 ma/ko MS

SS MIAO40 MG6950 t 1 SW601O CHROMIUM TOTAL 165 J 011 mq/kq MS

SS MIAO4 1 MG695012 SW6010 CHROMIUM TOTAL 167 J 011 mfl/kq MS

SB MIA074 MG743012 SW6010 CHROMIUM TOTAL 14 J 013 mq/kq MS

SB MIA075 MG743013 SW6010 CHROMIUM TOTAL 104 J 013 rnqlkQ MS

SB MIA076 MG743014 SWB010 CHROMIUM TOTAL 125 J 013 m~/kR MS

SB MIAi25 MG743020 SW~010 CHROMtUM TOTAL 135 J 013 mq/kR MS

SB MIAI26 MG743021 SW~OI0 CHROMIUM TOTAL 12 J 013 mq/kq MS

SB MIAI27 MG743022 SW6010 CHROMIUM, TOTAL 13 J 013 mq[kq MS

SS MIA134 MG743023 SW60~O CHROMIUM, TOTAL 14 J 012 ma/ka MS

SS MIA137 MG743002 SW6010 CHROMIUM TOTAL 13 1 J 012 mq/kR MS

SS MIA138 MG743003 SW6010 CHROMIUM TOTAL 138 J 012 mq/kq MS

SS MIAI39FD MG743CO4 SW6010 CHROMIUM, TOTAL 13 J 012 rno/t~o MS

S~ MIA141 MG743005 SWB010 CHROMIUM, TOTAL 116 J 012 mqlkq MS

SS MIA142 MG743CO6 SW6010 CHROMIUM TOTAL 139 J 012 rnolko MS

SS MIA143 MG743CO7 5M46010 CHROMIUM TOTAL 104 J 012 mQ/ka MS

SS MIA144 MG743008 SW6010 CHROMIUM TOTAL 82 J 0t2 m~/kq MS

SS MIA145 MG743(~9 SW6010 CHROMIUM TOTAL 104 J 012 mq/kq MS

$5 MIA328FD MG757001 SW6010 COBALT 5 J O 565 mQ/kQ MS

SS MIA153 MG756~01 SW6010 COPPER 175 J Oll mq/k~ MS

SS MIA155 MG756003 SWB010 COPPER 154 J 012 mq/kq MS

SS MIA156 MG7.560O4 SWB010 COPPER 213 J 011 rn~/kq MS

SS MIA157 MG756[]05 SW(:OlO COPPER 26 9 J 011 m~/kq MS

SS MIA158 MG756056 SW6010 COPPER 551 J 011 mq/kR MS

Ss MIA159 MG756007 SWB010 COPPER 2O8 J O56 r~3/ka MS
SS MIA160FD MG7~ SW6010 COPPER 153 J 0 22 mqlkq MS

SS MIA162 MG756009 SW6010 COPPER 155 J 011 mq/k~ MS

SS MIA163 MG756010 SW6010 COPPER 12 1 J 012 malko MS

SS MIA1M MG756011 SWB010 COPPER 168 J 012 mq/kq MS

SS MIA156 MG756012 SWB010 COPPER 113 J 0 12 molko MS

SS MIA166 MG756013 SW6010 COPPER 11 J 011 mq/kq MS

SS MIA167 MG756014 SWB010 COPPER 184 J 0 ~2 mq/kq MS

SS MIA168 MG756015 SWB010 COPPER 138 J 0 12 mRlkR MS

SS MIA169 MG756016 SW6010 COPPER 128 J 011 mq/kq MS

SS M~A170 MG756017 SWOO~O COPPER 129 J 011 mq/kQ MS

SS M[A171FD MG756018 SWB010 COPPER 156 J 011 mqlkQ MS

SS M~A172 MG756019 SW6010 COPPER 14 J 011 mqfkq MS

SS MIA325 MG755025 SWBOIO COPPER 163 J 045 mqfkq MS

SS MIA326 MG756026 SW6010 COPPER 23 6 J 011 mR/k~! MS

SS MIA327 MG756027 SW6010 COPPER 38 9 J 011 mq/kR MS

SS MIA173 MG756020 SW~Jl0 COPPER 143 J 012 ma/ka MS

SS MIA328FD MG757001 SW6010 NICKEL 19 J O 035 mqfkq MS

SS MIA330 MG757002 SWB010 NtCKEL 105 J OO37 mq/k~ MS

SS MIA331 MG757003 SWB01O NTCKEL 14 J 0037 mq/kq MS

SS MIA332 MG7570O4 SW6010 N~CKEL 163 J 0 039 mq/kq MS

SS MIA333 MG757005 SWB010 NICKEL 146 J OO37 mq/kR MS

SS MIA334 MG757006 SWB010 NICKEL 1t J 0036 mqlkq MS

SS MIA335 MG757007 SW6010 NICKEL 14 1 J 0 039 mqlkq MS

SS MIA33.5 MG757CO8 SW6010 NICKEL 117 J OO38 mqt’kq MS=

SS MIA337 MG757009 SW6010 NICKEL 63 J 0O35 mq(kq MS=
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SS MJA338 MG757010 SW6010 NICKEL 66 J 0034, ma/ka MS

SS MtA339 MG757011 SW6010 NICKEL 102 J 00351 m~/kq MS

SS MIAS49 MG757012 SW6010 NICKEL 126 J mq/k~ MS

SS MIA351 MG757014 SW6010 NICKEL 125 J 0037 mq/k9 MS=

SS MIA328ED MG757001 SW6010 SILVER 005 U UJ OO51 ma/ka MS

SS MIA330 MG757002 SW6010 SILVER OO6 U LU OO6 mQ/ka MS

SS MIA331 MG757003 SW6010 SILVER O06 U UJ 006~ malkQ MS

SS MIA332 MG757004 SW6010 SILVER O06 U UJ 0(36, ma/ka MS

SS MIA333 MG7570O5 SW6010 SILVER OO6 U UJ 006, MS

SS MIA334 MG757006 Sw6010 STLVER OO6 U UJ 006’ mq/kq MS

SS MIA336 MG757007 SW6010 STLVER OO6 U UJ 0061 mF~t’kq MS

SS MIA336 MG7570O5 Sw6010 SILVER OO6 U LU OO6 m~/kq MS

SS MIA337 MG757CO9 SW6010 SILVER OO5 U LU 005~ ma/ka MS

SS MIA338 MG757010 SW6010 SILVER OO5 U UJ 0O5~ rn~/kq MS

SS MIA339 MG757011 SW6010 SILVER OO6 U UJ 006’ rT~lkq MS

SS MIA349 MG757012 SW6010 SILVER O06 U UJ 006~ mq/k~ MS

SS MIA3E0 MG757013 SW6010 SILVER OO6 U UJ 0O61 m~/kq MS

SS MIA3SI MG757014 SW601O SILVER OO6 U UJ 006’ m~/kq MS

SS MIA[~2 MG695004 SW6010 SILVER OO6 U UJ 0O61 mq/k~ MS

SS MIAO53 MG6RSOO5 SW6OIO SILVER OO6 U UJ 006, mRlkFl MS

SS MIA034FD MG695006 S~6010 SILVER OO6 U UJ 0O61 ma/ka MS

SS MIAO57 MG695008 SW6010 SILVER OO6 U UJ 0OSI ma/ka MS

SS MIA040 MG695011 SW6010 SILVER 005 U UJ 0O5~ ma/ka MS

S$ MIAO61 MG695012 SW6010 SILVER OO5 U UJ 005’ mq/k~ MS

SS MIA16OFD MG756008 SW6010 SILVER 091 TR J 011 mR/k9 MS

SS MIA325 MG756025 SW6010 SILVER 16 TR J 0221 rnA/k9 MS

SB MIA074 MG74~12 SW6010 SILVER OO6 U UJ 0O61 mq/k~ MS

SB MIA075 MG74~13 SW6010 SILVER O06 U UJ 0061 mq/kq MS

SB MIA076 MG74~M SW6010 SILVER OO6 U UJ 0061 mq/kfl MS

SB MIA12S MG74302O SW6010 SILVER OO6 U UJ 0O61 mq/kR MS

SB MIA126 MG743~1 SW6010 SILVER O06 U UJ 0O61 mq/kq MS

SB MIA127 MG743~2 SW6010 SILVER OO6 U UJ 0O61 ma/ka MS

SS MIA134 MG743~3 SW6010 SILVER 0O6 U UJ 0O61 malko MS

SS MIA137 MG743002 SW6010 SILVER 0O6 U UJ 0O6~ ma/ka MS

SS MIA138 MG743003 SW6010 SILVER OO6 U LU 006! ma/ka MS

SS MIA13RED MG743004 SW6010 SILVER O06 U UJ 0OSI mq/kq MS

SS MIA141 MG743005 SW6010 SILVER OO6 U UJ 0D61 en~/k~ MS

SS MIAM2 MG743006 SW6010 SILVER OO6 U UJ 0O6~ ma/ka MS

SS MIA143 MG743~7 SW6010 SILVER 006 U UJ O06 mFVkq MS

SS MIAM5 MG743009 SW6010 SILVER O06 U UJ 0O51 malka MS

SS MIAI53 MG756001 SW6010 SILVER OO5 U UJ OO5 m~/kq MS

SS MIA155 MG756003 SW6010 SILVER O06 U LU 006~ r’n~/kF1 MS

SS MIA156 MG7S~]04 SW6010 SILVER O06 U UJ 006, MS

SS MIA157 MG756005 SW6010 SILVER OO6 U UJ OO6 rT~/k~ MS

SS MIA158 MG7O60[]6 SW6010 SILVER OO6 U UJ 006q n~/kq MS

SS MIA159 MG7O6007 SW6010 SILVER OO6 U UJ 0o61 r’~Ikq MS

SS MIA162 MG7O6009 SW6010 SILVER O06 U UJ 0061 mF]/kq MS

SS MIA163 MG756010 SW6010 SILVER OO6 U UJ 006, m~/k~! MS

SS MIA164 MG756011 SW6010 SILVER O06 U UJ 0061 m~/kq MS

SS MIAI65 MG756012 SW6010 SILVER O06 U UJ 006~
MS

SS MIA166 MG7~013 SW6010 STLVER OO6 U UJ 0o6i malka MS

SS MIAI67 MG756014 SW6glO SILVER O06 U UJ 0osI mqfkq MS

SS MIA168 MG756015 SWO010 SILVER 006 U UJ 0OSI ma/ka MS

SS MIA169 MG7560Ib SW6~IO SILVER 0O6 U UJ 0OSI m~[k~ MS

SS MiAI70 MG756017 SW6010 SILVER 0[]6 U UJ 0OSI mq/kF~ MS

SS MIA171FD MG756018 SW6010 SILVER 0O6 U UJ 0OSI mq/kQ MS

SS MIA172 MG756019 SW6010 SILVER OO5 U UJ 0o51 mq/kF] MS

SS MIA173 MG756020 SW6010 SILVER O06 U UJ 0OSI mq/k~ MS

SS MIA326 MG7O6026 S~/:O10 SILVER OO6 u UJ 0OSI m~/k~ MS

SS MIA327 MG756027 SW6010 SILVER OO5 U UJ 0051 ma/kF~ ME

SS MIA144 MG743008 SW6010 SILVER OO6 U LU 0061 m~/kq MS

M{A032 MG695004 SW6010 VANADIUM 2O6 J 0O541 r~/ks MS

SS MIA037 MG695~08 SW601O VANADIUM 24 4 J 0035~ m~/kQ MS

SB MIA074 MG743012 SW6010 VANADIUM 27 1 J 0037’ mq/kq MS

SB MIA075 MG743013 SW6010 VANADIUM 138 J 0038~
mq/kq MS

SB MIA076 MG743014 SW6010 VANADIUM 23 6 J 0 038i r~/kR MS

SS MIA134 MG743023 SW6010 VANADIUM 28 7 J mq/kq MS= 0 037

SS MIAI37 MG743002 SW6010 VANADIUM 22 i J 0 0361 mq/kq MS

SS MIA138 MG743003 SW601O VANADIUM 27 4 J 0 O56~ mq/kq MS

SS MIA139FD MG743004 SW6010 VANADIUM 22 7 J 0 036’ ma/ka MS

SS MIAMI MG743005 SW6010 VANADIUM 213 J 0 035~ mq/kq MS
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ATTACHMENT A

Changes in Qualifiers Due to the Data Vahdabon Process

Memphts Depot Matn Installation RI

Analytical Fir~l Lab Final

Matrix Sample ID Lab Sample ID F~rameter Result Qual Qual Del Ltrmt Una~ Qual Reasor

SS MIA142 MG743006 S’W6010 VANADIUM 28 1 J O 036 mqlkq MS

SS MIA143 MG743007 SWeOl0 VANADIUM 21 3 J O O36 mq/kq MS

SS MIAI44 MG743003 S’WdOI O VANADIUM 169 J OO34 mq/kq MS
SS MIA145 MG743009 SW6010 VANADIUM 23 J O034 mq/kq MS

SS MIA032 MG695(~4 SW6010 ZINC 367 J 012 mq/k~ MS
SS MIA033 MG695005 sw~lo ZINC 44 J 013 mq/k~ MS
SS MIA034FD MG695006 SW6010 ZINC 37 4 J 013 mq/kQ MS

SS MIA037 MG69BO38 SW6010 ZiNC 57 8 J 013 mqfkq MS

SS MiA040 MG695011 SWBOIO ZINC 57 5 J 012 mqfkq MS
SS MIAD41 MGB95012 SW6010 ZINC 75 I J 012 n~Ik~ MS=

SS MIA142 MG743OO6 SW7471 MERCURY O03 TR J 0019 MS
SS MiA338 MG757010 TC6010 Cadmiumr TCLP 116 U UJ I16 uqfL MS
SS MIA3.49 MG757012 TCB010 Cadmium TCLP 116 U UJ 116 u~IL MS

SS MIA159 MG7EB007 TC6010 Cadmium TCLP 116 U UJ 116 uq/L MS

SS MIA160FD MG756008 TC6010 Cadmium TCLP I16 U UJ 116 uq/L MS
&S MIAI(~ MG756012 TC6810 Codmlum~ TCLP I16 U UJ 116 uR/L MS

SS MIA167 MG75~O14 TC6010 Cadmium TCLP I16 U UJ 116 uq/L MS

SS MIA170 MG756017 TCBOI0 Cadmium, TCLP 116 U UJ 116 uq/L MS
S~ MIAI71FD MG756018 TCBOI0 Cadmium TCLP 116 U UJ 116 u~lL MS
SS MIA144 MG743(~8 SW6010 BERYLLIUM 036 TR J 0OO28 mR/kq MS, SD
SS MIA327 MG756027 SW6010 COBALT 47 TR J O 053 m~q/k~ MSr SD

SS MIA241 MG777002 SW6010 COPPER 127 J 0 12 rnq/kq MSr SD
SS MIA242 MG777OO3 SWd£]IO COPPER 78 J O22 mq/kfl MS SD
SS MIA244 MG777O34 SWCOI 0 COPPER 24 J 011 rt~/k~q MS, SD
SS MiA245 MG777003 SWB010 COPPER 191 J 01l m~t/kq MS, SD
SS MIA246 MG777OO6 SWBOI0 COPPER 28 3 J 043 mqlkq MS SD

SS MIA247 MG777OO7 SWbO~0 COPPER 89 J 011 mq/kq MS, SD

SS MIA248 MG777003 SW6010 COPPER 58 J 011 mqlkq MS, SD
SS MiA249 MG777OO9 SW6010 COPPER 356 J 0 26 mq/kq MSr SD

MiA250 MG777010 SW6010 COPPER 47 J 011 mq/kq MSr SD
SS MIA251 MG777011 SW6010 COPPER 143 J 012 mq/kq MSr SD

SS MIA262 MG777013 SW6Q10 COPPER 382 J 11 mR/kq MS ED

SS MtA263 MG777014 BW6010 COPPER 117 J 0 22 m#/k# MS ED
SS MIA277 MG777015 SW6010 COPPER 176 J 011 m#/kq MS SD
SS MtA278FD MG777016 SW6010 COPPER 187 J 012 mq/k~ MS, SD
SS M}A280 MG777017 SW6010 COPPER 32 1 J 012 mq/k~ MS, SD

SS MIA281 MG777018 SW6010 COPPER 129 J 011 mq/k# MSr SD
SS MIA282FD MG777019 SW6010 COPPER 165 J 011 mQfkR MS, SD

MIA283 MG777020 SW6010 COPPER 291 J 011 malka MS, SD

SS MiA284 MG777031 SW6010 COPPER 65 J 011 rn~/kQ MS, SD
SS MiA285 MG777022 SW6010 COPPER 109 J 0 12 ma/k~ MS, SD
SS MIA286 MG777023 SW6010 COPPER 312 J 013 ma/kR MSr SD
SS MIA287 MG777024 SWB010 COPPER 24 2 J 0 12 mq/ka MS, SD

SS MIA28B MG777025 SW6010 COPPER 25 1 J 013 mg/k~ MS, SD
SS MIA289 MG777026 SW6010 COPPER 137 J 011 m~Ikq MSr SD
SS MIA290 MG777027 S’W~O10 COPPER 144 J Oll mqlkq MSr SD
SS MIA291 MG777028 SW6010 COPPER 75

T~
J 011 rnq/kq MSr SD

SS MIA261 MG777012 SW~OlO COPPER 193 J 22 mq/kq MS, SD
SS MIA153 MG75~]1 SVV6010 NICKEL 105 J 0 035 rnqfkq MS SD
SS MIA103 MG7SB003 SW60t0 NICKEL 133 J OO38 rn~/kR MS SD
SS MIA1B6 MG755004 SW6010 NICKEL 128 J O 03B MS, SD
SS MIA157 MG756003 SW6010 NICKEL t54 J O036 m~Ika MS, SD
SS MIA158 MG756006 SW6010 NICKEL 2O J 0 036 mq/kq MS, SD
SS MIA159 MG756007 SW6010 NICKEL 599 J 0036 mqfkq MS, SD
SS MIA100FD MG756008 SW6010 NICKEL 38 6 J o 036 mqfkq MS, SD

SS MIA162 MG756009 SW6010 NICKEL 154 J 0O37 mqfkq MSr SD
SS MIA163 MG756010 SW6010 NICKEL 142 J 0 037 mqfkq MS, SD
SS MIA164 MG756011 SW6010 NICKEL J 0 037 mq/kfl MS SD

SS MIA165 MG755012 SW6010 NICKEL 108 J O 038 mqlkq MS SD

SS MIA166 MG756013 SW6010 NICKEL 129 J 0037 mqlkq MS SD
SS MIA167 MG756014 SW6010 NICKEL 145 J O04 mq/kq MS, SD

SS MtA168 MG756015 SW6010 NICKEL 15 J 0037 rT’,9/kq MS SD

SS MIA169 MG756016 SW6010 NICKEL 146 J 0 036 mqlkq MS SD

SS MiA170 MG75~017 SWB010 NICKEL 145 J O O36 mq/kq MS SD

SS MIA 171FD MG756018 SWBO10 NICKEL 132 J 0 036 m~/kR MS SD

SS MIAI72 MG75~31R SWB0~0 NICKEL 109 mq/kq= J O O35 MS SD
SS MIA173 MG756020 SW6010 NICKEL 145 ma/ka MSr SD= J 0 037

SS MIA325 MG756025 SWB010 NICKEL 56 J O 036 malk# MS, SD

SS MIA326 MG756026 SW6010 NICKEL 113 J 0 036 molka MS, SD

SS MIA327 MG756027 SW6010 NICKEL 162 J 0034 mqlkq MS SD=

SS MIA157 MG756005 SW6010 Z~NC Ill J 012 mRlk# MS, ED
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ATTACHMENT A

Changes m Qualifiers Due to the Data Vahdatlon Process

Memphis Depot Main Inatalla#on RI

Analyhcal FlnOl Lab Elnal

Motflx Sample ID LabS ample ID Method Parameter Result Qual Qual Del LrmltI Units Qual Reason

SB MIA074 MG743012 SV46010 ZINC 51 5 J 013 mqt’kq MS, SD

SB MIA075 MG745O18 SW6010 ZINC 5O3 J 0 14 I mq/kq MS, SO

SB MIA076 MG743014 SWSOlO ZINC ,48 8 J 014 I mq/kq MS SD

SB MIA125 MG743020 SWEOI0 ZINC 552 J 013 ;, m~/kfl MS SD

SB MIA126 MG743021 SW6010 ZINC 42 9 J 014 I rn~/kq MSrSD
SB MIA127 MG743022 SW6010 ZINC 28 2 J 014 , rn~Ik~ MS, SD

SS MIA134 MG743023 SW6010 ZINC 686 J 013 , rT~/k~ MS, SD

SS MIA137 MG745OO2 8W6010 ZJNC 48 B J 013 rnn/kn MS, SD

SS MIA138 MG743003 SW6010 ZINC 61 4 J 013 i MS, SD

SS MIA139FD MG743004 SWEOt0 ZINC 61 5 J 013 m~/k~ MS, SD

SS MIA141 MG743CO5 SWEOI0 ZINC 42 J 013 I m~/k~ MS SD

SS MIA142 MG743CO6 SW6010 ZINC 59 1 J 013 mqt’kfl MS SD

SS MIA143 MG743007 SWEOIO ZINC 52 1 J 013 , mF!/kfl MS SD

SS MtAI44 MG745O08 SWSOl0 /]NC 366 J 012 ’ rnalka MS, SD

SS MIA241 MG777002 SW5Ol0 ZINC 508 J 013 ’ ma/ka MS, SD

SS MIA242 MG7775O3 SWEOl0 ZINC 154 J 0 24 ’ rnolka MSrSD

SS MIA244 MG777004 SWEOl0 ZINC 482 J 0t2 rn~Ikq MS, ED

SS MIA245 MG7775O5 SWEOl0 ZINC 505 J 012 i m~/ka MS SO

SS MIA246 MG7775O6 5W5O10 ZINC 1060 J 047 I n~/kA MS SD

SS MIA247 MG7775O7 SWEOlO ZINC 854 J 012 ma/ka MS, SO

SS MIA248 MG7775O8 SWSOl0 ZINC 412 J 012 ’ mq/kq MSr SD

SS MIA249 MG777009 SW6010 Z~NC 1100 J 029 I malka MS, SD

SS MIA25O MG777010 SW6010 ZINC 168 J 012 I ma/ka MS SD

SS MIA251 MG777011 SWEOl 0 ZINC 48 3 J 013 I m~/k~ MS SD

SS MIA261 MG777012 SW6010 ZINC 11.500 J 24 1 mq{kq MS, SD

SS MIA262 MG777013 SW6010 ZINC 8330 J 12 i mcffkq MS, SD

MIA263 MG777014 Swso}0 ZINC 692 J 024 I m#/kq MS SD

SS MIA277 MG777015 SWEolO ZINC 113 J 012 i ma/ka MS SD

SS MIA278ED MG777016 SWsolO ZINC 113 J 013 : mqfk£ MS, SD

SS MIA25O MG777017 SW6010 ZINC 177 J 014 1 m#/k~ MSrSD

SS MIA281 MG777018 SWEOl0 ZINC 61 6 J 013 1 r~3/ka MS SD

SS MIA282FD MG777019 SWsOlO ZINC 61 7 J 013 I m#/kR MS, SD

SS MIA283 MG777020 SWEOl0 ZINC 28O J 012 I rn~/kq MS, SD

SS MIA2B4 MG77702t SWSOl0 ZINC 41 J 012 I MS SD

SS MIA285 MG777022 SWSOl0 ZINC 456 J 013 I mq/kq MS SD

SS MIA2B6 MG777028 SWSOI0 Z~NC 128 J 014 1 mq/kq MS, SD

SS MIA287 MG777024 SWSOl 0 ZINC 223 J 013 , m~/kq MS, SD

SS MIA288 MG777025 SWEOl 0 ZINC 100 J 014 , mR/kR MS SD

SS MIA289 MG777026 SWSOl0 ZINC 72 8 J 013 m~/kq MS, SD

SS MIA’2gO MG777027 SW6010 ZINC 5O5 J 013 m~/k~ MSr SD

SS MtA291 MG777028 SnNSOI0 ZINC 22 5 J 012 m~Ikq MS, SD

SS MIA241 MG777002 SW6010 ARSENIC 66 J 017 I ma/ka SD

SS MIA242 MG777003 SWSOl0 ARSENIC 32 J 03 , mq/kq SD

SS MIA244 MG777004 SW6010 ARSENIC 8 J 015 mq/kq SD

SS MIA245 MG7775O5 SW6010 ARSENIC 66 SD= J 015 ’ mq/kq

SS MIA246 MG7775O6 SWSOl0 ARSENIC 72 J mq/kq SD= 06 I

SS MIA247 MG7775O7 5W6010 ARSENIC 3B J 015 I mq/kq SD

SS MIA248 MG7775O8 SWEOl O ARSENIC 37 J 015 mq/kq SD

SS MIA249 MG777009 SWSOl O ARSENIC 111 J 037 I mR/kR SD

SS MIA25O MG777010 SWSOl0 ARSENIC 39 J 016 , m~/kq SD

SS MIA251 MG777011 SW6010 ARSENIC 91 J 016 I ma/ka SD

SS MIA263 MG777014 SWEOI0 ARSENIC 44 J 031 q mqtk~ SD

SS MIA277 MG777015 SWSOI0 ARSENIC 99 J 015 I rn~/kR SD

SS MIA278FD MG777016 SWSOI0 ARSENIC 105 J 017 I mq/kq SD

SS MIA280 MG777017 SWSOI0 ARSENIC 134 J 017 I ma/ka SD

SS M}A281 MG777018 SWsOlO ARSENIC 82 J 016 I mq/kq SD

SS MIA282ED MG777019 SWSOl0 ARSENIC 84 J 016 1 mq/kq SD

SS MIA283 MG777020 SW5Ol0 ARSENIC 148 J 015 rnalk~ SD

sS MIA284 MG777021 SWSOl0 ARSENIC 63 J 016 I mqlkq SD

SS MIA285 MG777022 SWEOl0 ARSENIC 8 J 017 I mq/k~ SD

SS MIA286 MG777023 SWSOl0 ARSENIC 157 J 018 , m#Ik# SD

SS MIA287 MG777024 SWSOl0 ARSENIC 92 J 017 I malk~ SD

SS MIA288 MG777025 SWSOl0 ARSENIC 121 J 018 I mq/kq SD

SS MIA289 MG777026 SWEOl0 ARSENIC 94 J 016 i mq/kq SD

SS MIA290 MG777027 SWSOl 0 ARSENIC 66 J 016 I mq/kq SD

SS MIA29t MG777028 SW6010 ARSENIC 52 J 015 I mq/kq SD

SS MIA243 MG778021 SW6010 ARSENIC 124 J 015 I mq/kq SD

SS MIA264 MG77B022 SW6010 ARSENIC 71 J 015 I mqfkq SD

SS MIA265 MG778023 SWSOl0 ARSENIC 5 J 015 mq/kq SD

SS MIA269 MG778027 S’vVSOl 0 ARSENIC 11 J 016 I ma/ka SD

SS MIA270 MG778028 SWsOlO ARSENIC 66 J 016 , mR/kR SD
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ATTACHMENT A

Changes m Quahflers Due to the Data Vahdatlon Process

Memphis Depot Ma~n Installahon RI

Ana~hcol Final Lab Fmol

MalTix Sample ID Lab Sample ID Me~o(J Porarnete; ResuB QUO] : Qual Det Umff Units QuQI Reason

SS MIA305 MG778003 SW6010 ARSENIC 24 2 J 017 ma/ka SD

SS MIA306 MG778004 SW6010 ARSENIC 99 J 016 mq/k~ SD
SS MIABO7ED MG778005 SW6010 ARSENIC 103 J 016 m~/kq SD

SS MIA309 MG77B006 SW6010 ARSENIC 92 J 016 m~/k~ SD

SS MlAB13 MG778010 SW6010 ARSENIC 138 J 015 mq/k~ SD

SS MIA314ED MG778011 SW601O ARSENIC 99 J 015 r’nq/k~ SD

SS MIA315 MG778012 SW6010 ARBENtC 64 J 015 m~/kQ SD

SS MIA316 MG778013 SW6010 ARSENIC 56 J O IS mq/kQ SD=

SS MIA262 MG777013 SW601O ARSENIC 72 TR J 16 rnqfkQ SD
SS MIA275 MG778001 SW601O ARSENIC 49 TR J 076 mq/kq SD

SS MIA261 MG7770t2 SVV6010 ARSENIC 3 U UJ 3 mq/kq SD

SS MIA328FD MG757001 SW6010 BERYLLIUM 0 38 TR J 0 0027 mq/kq SD

SS MiA330 MG757002 SW6010 BERYLLIUM 0 37 TR J 0 OO29 mq/kq SD

SS MIA331 MG757B03 SW6010 BERYLLIUM 035 TR J O 0029 mq/kF! SD

SS M~A332 MG757004 BW6010 BERYLLIUM 05 TR J 0 003 mQ/k~ SD
SS MIA333 MG7B7005 SW601O BERYLLIUM 044 TR J 0 0028 ma/ka SD
SS MIA334 MG757006 SW6010 BBRYLUUM 042 TR J 00028 mqfkq SD

SS MIA335 MG7570Q7 SW6010 BERYLUUM 0 42 TR J 0 003 mqfkq SD

SS MIA336 MG757008 sw6elO BERYLLIUM 0 43 TR J 0 0029 mqfkq SD

SS MIAB37 MG757009 SW6010 BERYLLIUM 0 25 ER J 00O27 mqfkQ SD

SS MIA338 MG757010 SW6010 BERYLLIUM 031 LR J 00027 rnq/kQ SD

SS MIA339 MG757011 SW6010 BERYLLIUM 0 38 TR J 0 0028 mq/kg SD

SS MIA349 MG757012 SW0010 BERYLLIUM O 42 TR J 00031 mq/kq SD

SS MIA~ MG757B~3 SW6010 BERYLLIUM 047 TR J o 003 mq/kq SD

SS MIA3Sl MG757014 SW6010 BERYLLIUM 043 TR J 0 0028 mq/kq BD

SS MIA188 MG770001 SW6010 BERYLLIUM 031 TR J 00026 mq/kq SD

SS MIA18RFD MG770002 SW6010 BERYLLIUM O 39 TR J O 0026 mq/k~ SD

SS MIA193 MG77[~06 SW6010 BERYLUUM 047 TR J 0 O029 mq/kq SD

SS MIA032 MG695004 SW6010 BERYLLIUM 041 TR J 0 0028 mq/kq SD

SS MIA033 MG695005 SW601O BERYLLIUM 0 67 J 0 0029 mq/kq SD

SS MIA034FD MG695006 SW6010 BERYLLIUM 043 J 0 0029 mQ/kQ SD

SS MIA037 MG695~38 SW6010 BERYLLIUM 048 TR J O 0029 m~/k~ SD

SS MIA040 MG695011 SW6010 BERYLLIUM 0 47 TR J O 0027 mFVkq SD

SS MIA041 MG695012 SW6010 BERYLLIUM 0 28 TR J 00027 mq/kq SD

SS MPA315 MG77B012 SW601O BERYLLIUM 18 J 0OO27 mq/kR SD

SB MIA125 MG743020 SW601O BERYLLIUM O64 J 00031 mq/~Q SD

SS MIAI58 MG756006 SW6OI0 BERYLLIUM 087 J O 0028 SD

SS MIA255 MG776024 SW6OIO BERYLLIUM O58 J 0 0026 malka SD
SS MIA2,44 MG777004 SW601O BERYLLIUM O 67 J 0 0027 mq/kq SD
SS MIA245 MG777005 SW6010 BERYLLIUM 0B7 J 0 0027 mq/kq SD

SS MIA282FD MG77701R SW6010 BERYLLIUM 07 J 00029 mq/kq SD

SS MIA2B9 MG777026 SW601O BERYLLIUM O 62 J 00029 mq/kq SD

SS MIA313 MG77BO10 SW6010 BERYLLIUM 25 J 0 0026 mq/kq SD

SS MIA314ED MG77B011 SW6010 BERYLLIUM 25 J 0 0026 mq/kq SD

SS MIA316 MG778013 SW601O BERYLLIUM 13 J 00027 mq/kq SD

SB MIAO74 MG743012 SW601O BERYLLIUM 056 J 0 003 mqEkq SD

SB MIA075 MG743013 BW6010 BERYLLIUM O 38 TR J 00031 mR/kq SD

SB MFA076 MG743014 SW6010 BERYLLIUM 0 43 TR J 00031 mqfkq SD

SB MIAI26 MG743021 SW6010 BERYLLIUM 0 47 TR J 00031 mq/kq SD

SB MIA127 MG743022 5W6010 BERYLLIUM 0 52 TR J 00031 mQ/k~ SD
SS MIAI34 MG743023 SW6010 BERYLLIUM O53 TR J OOO3 mf/kq SD
SS MIA137 MG743002 SW6010 BERYLLIUM 05 TR J 0O029 mqfkq SD

SS MIA138 MG743003 SW601O BERYLLIUM O 52 1R J O OO3 mq/kq SD

SS MIA139FD MG743004 5W6010 BERYLLIUM 0 48 1R J O 0O3 mq/kq SD

SS MIA141 MG743005 BW6010 BERYLLIUM 043 TR J O OO29 mq/kq SD

SS MIAM2 MG743006 SW6010 BERYLUUM 056 TR J 0 0029 mR/kR SD

SS MIA143 MG743007 BW601O BERYLLIUM 049 TR J O 003 mq/kR SD

SS MIA145 MG743009 BW6010 BERYLLIUM 0,49 TR J O OO28 mq/kq SD

SS MIA160ED MG756CO8 SW6010 BERYLLIUM 0 26 TR J 0 0028 mq/kq SD

SS MIAt62 MG756009 BW6010 BERYLLIUM 04 TR J 0 0O28 mq/kq SD

SS MIA163 MG755010 SW6010 BERYLLIUM 044 TR J 0 0029 mq/kc SD

SS MIA164 MG756011 SW6010 BERYLLIUM O3 TR J 0 0029 mR/k# SD

SS MIA 1 ~5 MG756012 SW601O BERYLLIUM O34 TR J O 0029 mq/kq SD

SS MIA166 MG756013 SW6010 BERYLLIUM 0 45 TR J O OO29 mQ/k~ SD

SS MIA167 MG756014 SW6010 BERYLLIUM 041 TR J 00031 mqfkq SD

SS MIA168 MG756015 BW6010 BERYLLIUM O 42 TR J O OO29 m~/kQ SD

SS MIA169 MG756016 RW6010 BERYLUUM 041 TR J O OO28 mq/kq SD

SS MIA170 MG756017 BW6010 BERYLLIUM O 37 TR J 0 0028 mq/kq SD

SS M/A171ED MG756018 SW6010 BERYLLIUM O 33 TR J O OO28 rr~/ka SD

SS MIA172 MG756019 SW6010 BERYLLIUM 037 TR J 00027 mqfkq SD

SS MIA173 MG756020 SW6010 BERYLLIUM O53 TR J 0 OO29 mQ/k~ SD
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AI-rACHMENT A

Changes in Qualifiers Due to the Data Va]ldabon Process

Memphts Depot Mam Installahon RI

Analytical Final Lab Final

Moh’lx Sample ID Lab Sample ID Method Polameter Result Qual Qual Det Umlt’ Units Qual Reaso~

SS MIA325 MG756025 SW6010 BERYLLIUM O34 TR J 00028 , ma/ka SD

S$ MIA326 MG756026 BvV6010 8ERYLUUM 0 37 TR J 0 0028 , rna/ka SD

SS MIA327 MG756027 SW6010 BERYLLIUM O 37 TR J 0 0026 ’ rr~lkq SD

SS MIA218 MG776001 5W6010 BERYLLIUM 047 TR J 0003 m~/k~ SD

SS MIA220 MG776003 SW6010 BERYLLIUM 0 49 TR J 00031 ’ SD

SS MIA221 MG776004 SW6010 BERYLLIUM 051 TR J 0O03 mq/k~ SD

SS MIA222 MG776CG.5 SW6OlO BERYLLIUM 0 48 TR J 0003 mqfkFI SD

SS MIA223FD MG776006 BW6OIO BERYLLIUM 0 49 TR J 0003 I mqlkF! SD
SS MIA225 MG776007 SW6010 BERYLLIUM 0 39 TR J 0003 mq/kq SD

SS MIA226 MG776Q08 SM/6010 BERYLUUM 0O8 TR J 0 OO28 mq/kq SD

SS MIA227 MG776Q09 SW6Ol0 BERYLUUM 0 28 TR J 0 0028 mqlkq SD

SS MIA228 MG776010 SW6010 BERYLLIUM 048 TR J 00029’ mq/kq SD

SS MIA229 MG776011 SW6010 BERYLLIUM 03 TR J OOO31 rT~/kq SD

SS MIA231FD MG776013 SW6010 BERYLUUM 046 TR J 0 003 ’ mqlkq SD

SS MIA233 MG776014 SW6010 BERYLUUM 04 TR J O OO3 mq(kq SD
SS MIA234 MG776015 SW6010 BERYLLIUM 031 TR J 0 0027 mq(kq SD

SS MIA236 MG776016 SW6010 BERYLLIUM 0 38 TR J 00027 I mqfkq SD

SS MIA237 MG776017 SW6010 BERYLLIUM 037 TR J 0 0027 ’ mq(kq SD

SS MIA238 MG776018 SW6010 BERYLLIUM O 23 TR J 0 0027 I mqf~F! SD

SS MIA239 MG776019 SW6010 BERYLLIUM O36 TR J 00027 I rnq/kq SD

SS MIA2~O MG776020 SW6010 BERYLLIUM O 18 TR J 0 0027 ’ n~/kq SD

SS MIA252 MG776021 SW6010 BERYLLIUM 027 TR J 013026 I mq/kR SD

SS MIA253 MG7760R2 SW6010 BERYLLIUM 048 TR J 0OO29 I n~/kq BD

SS MIA254 MG776023 SW~010 BERYLLIUM 042 TR J OOO29 : ma/k~ SD

SS MIA256 MG776025 SW6010 BERYLLIUM 03 TR J 0 0027 , mq/kq SD

SS MIAR57 MG776026 SW6010 BERYLLIUM 021 TR J 0OO27 I rr~/kq SD
SS MIA259 MG776028 5W6010 BERYLLIUM 0 19 TR J O0027 I rT~/k~ SD
SS MIA260 MG776029 SW6010 BERYLLIUM 0 39 TR J O0029 I mq/kn SD

SS MIA241 MG777002 SW6010 BERYLLIUM O 38 TR J 00029 ~ mq/kq SD

SS MIA242 MG777003 BW60IO BERYLLIUM 0 32 TR J 00054 ~ mq/kq SD

SS MIA246 MG777006 SW6010 BERYLLIUM O36 TR J 0011 I mq/kR ED

SS MIA247 MG777007 SW6010 BERYLUUM 016 TR J 0[]027 I mQ/kQ SD
SS MIA248 MG777008 5W6010 BERYLLIUM 013 TR J 00027 I rna/kq SD

SS MIA249 MG777009 SW6010 BERYLLIUM 0 22 TR J 000~: mq/kq SD

SS MIA250 MG777010 SW6010 BERYLLIUM O2 TR J 00027 I mq/k~ SD

SS MIA251 MG777011 SW6010 BERYLLIUM 041 TR J OOO29 I rnq/k~ SD

SS MIA261 MG777012 SW6010 BERYLLIUM 0 33 TR J 0054i malkq SD

SS MIA262 MG777013 SW6010 BERYLLIUM O68 TR J 0028 , mq/kl:] SD
SS MIA263 MG777014 SW6010 BERYLLIUM 017 TR J 0 0055 ’ malk¢1 SD

SS MIA277 MG777015 SW6010 BERYLLIUM 0 26 TR J 0 0028 q mq/kq SD

SS MIA278FD MG777016 DA/6OI0 BERYLLIUM O29 TR J 0 OO29 mq/kq SD

SS MIA280 MG777017 SW6OI 0 BERYLLIUM O56 TR J 00031 I mq/k~q SD

SS MIA281 MG77701B SW6010 BERYLLIUM O56 TR J 0 0029 ’ malka SD

SS MIA283 MG777020 Sw6010 BERYLLIUM O36 TR J 0 0028 , malka SD

SS MIARPA MG777021 SW6010 BERYLLIUM 017 IR J 0 0028 I mq/kq SD

SS MIA285 MG777022 SW6010 BERYLLIUM 0 37 TR J 0003 J mq/kq SD

SS MIA286 MG777023 SW6010 BERYLLIUM 051 TR J 0 0032 : mq/kq SD

SS MIA287 MG777024 SW6010 BERYLLIUM 048 TR J 0003 mR/kq SD

SS MtA288 MG7770B5 SW6010 BERYLLIUM 061 TR J 00031 i mq/kq SD

SS MIA290 MG777027 SW6010 BERYLLIUM O53 TR J 0 OO29 mq/kq SD

SS MIA291 MG777028 SW6010 BERYLLIUM 0 33 TR J 00027 mq/kQ SD

SS M~A243 MG778021 SW6010 BERYLLIUM 0 37 TR J O 0027 mq/kR SD

SS MIA264 MG7780B2 SW6010 BERYLLIUM 031 TR J 00O28 I mq/kq SD

SS MIA265 MG778023 SW6010 BERYLLIUM 021 TR J 00027 I m~Ikq SD

SS MIA269 MG778027 SW6010 BERYLLIUM 029 TR J 00028 ! mq/kq SD

SS MtA270 MG778028 SW6010 BERYLLIUM 0 26 TR J 0 []028 m, qlkq SD
SS MIA275 MG778001 SW6010 BERYLLIUM OO9 TR J 0014 I mq/kq SD

SS MiA30B MG778003 SW6010 BERYLLIUM 036 TR J 00O3 I mq/kq SD

SS MIA306 MG778004 SW6010 BERYLUUM 0 39 TR J 0OO29 I mq/kq SD

SS MIA307FD MG778005 SW6010 BERYLUUM 0 38 TR J 00029 1 mqfkR SD

SS M~A309 MG778C06 SW6010 BERYLUUM 0 39 TR J 0 0028 I mq/kq SD

SS MIAt28 MG785B01 SW6010 BERYLLIUM 041 TR J 0OO29 I mq/kq SD

SS MIAt29FD MG 78,5~02 SW6010 BERYLLIUM 0 46 TR J 00O29 I mq/kR SD

SS MIAI32 MG785003 SW0010 BERYLLIUM 084 TR J 00028 1 mq/kq SD

SS MIAR~5 MG785007 SW6010 BERYLLIUM O04 TR J 00026 I ma/ka SD

SS MIA296 MG785008 SW6010 BERYLLIUM 0 22 TR J 0 0027 I m~lfkq SD

SS MIA297FD MG78500~ SW6010 BERYLLIUM 0 33 TR J 0 0027 : malka SD

SS MIAR~) MG785010 SW6OIO BERYLLIUM 0 26 TR J 0 0027 I mqlkq SD

SS MIA302 MG785013 SW6010 BERYLLIUM 047 TR J 0003 , mR/kq SD

SS MIA303 MG785014 SW6010 BERYLLIUM O53 TR J 0003 ’ ma/ka SD

SS MIA304 MG785015 SW6010 BERYLLIUM 047 TR J 0OO3 1 mcVkq SD
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SS MIAI53 MG7,56(301 SW6010 BERYLLIUM 0 33 TR UJ 00027 rr, q/k~ SD

SS MIA155 MG756003 SW6010 BERYLLIUM 0 43 TR UJ OOO29 mq/kQ SD

SS MIA156 MG755004 SW6010 BERYLLIUM 042 TR UJ 0 OO28 mq/kq SD

SS MIA157 MG756005 SW6010 BERYLLIUM 045 TR UJ 0 OO28 rnolko SD

SS MIA159 MG7B6807 SW601O BERYLLIUM O3 TR UJ 0 0028 n~31ka SD

SS MIA2.58 M0776027 SW6010 BERYLLIUM O05 TR UJ 0 0026 rr~IkQ SD

SS MIA230 MG776012 SW601O BERYLUUM O 42 TR J O 0O3 mqlk~ SD

SS MIA244 MG777004 SW6010 CADMIUM O86 J 0 0093 m~IkR SD

SS MIA245 M0777005 SW6010 CADMIUM O 89 J O0092 m~qlkR SD

SS MIA277 MG777015 SW6010 CADMIUM 0 75 J 0 0094 mq/kR SD

SS MIA278FD MG777016 SW6010 CADMIUM 0 69 J 001 mo/ka SD

SS MIA280 MG777017 SW6010 CADMIUM 1 J 0011 mq/kq SD

SS MIA283 M0777020 SW6010 CADMIUM 16 J 0 0094 mqlkq SD

SS MIA286 MG777023 SW601O CADMIUM 0 76 J 0011 mq/kq SD

SS MIA287 MG777024 SW6010 CADMIUM 0 79 J 001 mqlkq SD=

SS MIA241 MG777002 SW6010 CADMIUM 041 TR J OOl mqlkq SD

SS MIA242 MG777003 SVV6010 CADMIUM 056 TR J 0018 molko SD

SS MIA246 MG777006 BW6010 CADMIUM 12 TR J O036 rnqlkQ SD

SS MIA247 MG777007 SW6010 CADMIUM 018 TR J 0 OO93 molko SD

$S MIA248 MG777008 SW6010 CADMIUM 014 TR J 0 0O93 ma/ka SD

SS MIA249 MG777009 SW6010 CADMIUM 1 TR J 0 023 rn~/ka SD

&S MIA250 MG777010 SW6010 CADMIUM 014 TR J 0 0093 n~3/ka SD

SS MIA251 MG777011 SW6Ol0 CADMIUM 03 TR J 001 mq/kq SD

SS MIA261 MG777012 SW6010 CADMIUM 37 TR J 018 rnqlkq SD

SS MIA262 M0777013 SW6010 CADMIUM 48 TR J 0 O95 rr~/k~ SD

SS MIA263 MG777014 SW6010 CADMIUM 0 75 TR J 0019 mq/ka SD

SS MIA281 M0777018 SW6010 CADMIUM 041 TR J 0 [097 rnq/kq SD

SS M~A282FD M0777019 SW6010 CADMIUM 0 53 TR J 0 0O97 mq/kq SD

SS MtA284 M0777021 SW6010 CADMIUM 036 TR J 0 0095 mR/kQ SD

SS MtA285 M0777022 SW6010 CADMIUM O3 TR J OOl mq/ka SD

SS MIA288 MG777025 SW6010 CADMIUM 047 TR J 0011 ma/ka SD

SS MIA2B9 M0777026 SW6010 CADMIUM O 45 TR J 0 0097 mq/kq SD

SS MIA290 MG777027 SW6010 CADMIUM 04 TR J 0 OO98 mo/ka SD

$S MIA291 M0777028 SW~OIO CADMIUM 014 TR J OOO92 mo/ka SD

SS MIA243 MG778021 SW6010 CHROMIUMr TOTAL 81 J 011 mq/kq SD

SS MIA264 MG778022 SW6010 CHROMIUMr TOTAL 97 J 012 m~/kQ SD

SS MIA265 MG778023 SW6010 CHROMIUM TOTAL 75 J 011 rT~/kq SD

SS MIA269 MG778027 SW6010 CHROMIUMr TOTAL 278 J 012 rnq/kq SD

SS MIA270 MG7780’28 SW6010 CHROMIUM TOTAL 138 J O 12 mR/k# SD

SS MIA275 MG778001 SW6010 CHROMIUM TOTAL 92 J O56 mQ/k~ SD

SS MIA305 MG778003 SW6010 CHROMIUM TOTAL 14 J 013 mQfkQ SD

SS MIA306 M0778004 SW6010 CHROMIUM TOTAL 103 J 012 mq/kn SD

SS MIA307FD MG778005 SW6010 CHROMIUM TOTAL 104 J 012 rnq/kQ SD

SS MIA309 MG778006 SW6010 CHROMIUM TOTAL 101 J 012 rnq/kq SD
SS M~A313 MG778010 SW6010 CHROMIUM TOTAL 38 J 011 mq/k~ SD

SS MIA314ED MG778011 SW6010 CHROMIUM, TOTAL 38 4 J O11 rn~/kf~ SD

SS MIA315 MG77801R SW6010 CHROMIUM TOTAL 313 J 011 mq/k~ SD

SS MIA31B M0778013 SW6010 CHROMIUMr TOTAL 132 J 011 mq/kp SD

SB MIA074 MG7430t2 SW6010 COBALT 68 J 0061 mq/kQ SD

SB MIA076 M0743014 SW6010 COBALT 69 J 0O62 mq/k~ SD

SS MIAI34 MG743023 BW6010 COBALT 66 J OO6 mq/ka SD

SS MIA138 MG743003 SW6010 COBALT 76 J O 059 mq/ka SD

SS MIA13RFD MG743004 SW6010 COBALT 74 J 005 malka SD

SS MIA141 M0743005 SW6010 COBALT 62 J 0057 ma/ka SD

S~ MrA142 MG743006 SW6010 COBALT 8 J o O59 rnq/kq SD

SS MIA143 M0743007 SW6010 COBALT 7 J OO6 m~t’kq SD

SS MIA144 M0743008 SW6010 COBALT 57 J 0056 mq/kq SD

SS MIA145 MG743[~9 SW601O COBALT 72 J OO56 mq/kR SD=

SB MIA075 M0743013 SW601O COBALT 27 TR J 0 O62 mq/kq SD

SS MIA137 M0743002 SW601O COBALT 56 TR J 0058 mq/kq SD

SS MIA193 MG770006 SW6010 COPPER 177 J 012 rnq/kq SD

SS MIA188 MG770001 SW6010 COPPER 97 J O53 mqlkq SD

SS MIA189FD MG770(~2 SW6010 COPPER 111 TR J O53 mq/kq SD

&S MIA144 MG743U08 SW6010 COPPER 119 J 011 mq/kq SD

SB MIA074 M0743012 SW6010 COPPER 182 J 012 mq/kq SD

SB MIA075 MG743013 SW4D10 COPPER 95 J 012 mq/kq SD

SB MIAO76 M0743014 SW6010 COPPER 176 J 012 m~IkQ SD

SB MIA125 MG743020 SW601O COPPER t91 J 012 mq/kq SD

SB MIA126 MG743[Z21 SW6010 COPPER 151 J O 12 mqtkq SD

SB MIA127 M0743022 SW6010 COPPER 107 J 013 mqlkQ SD

SS MIAI~ M0743023 SW6010 COPPER 185 J 012 mq/kq SD
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SS MIA137 MG743002 SW6OlO COPPER 193 J 012 mq/kF~ SD
SS MIA138 MG743003 SW6010 COPPER 183 = J 012 rnqlk~ SD
SS MIA139FD MG743004 SW6010 COPPER 184 = J 012 mq/kq SD
SS MIAi41 MG743005 SW(:010 COPPER 151 J 011 mq/k~ SD
SS MIAt42 MG7430D6 SW6010 COPPER 19 J 012 mq/kq SD
SS MIA143 MG743~07 SW6010 COPPER 165 J 012= mq/kq SD
SS MIA145 MG7430D9 SW6010 COPPER 162 J 011 mq/kq SD
SS MIA218 MG776001 SW6010 COPPER 25 5 J 012 mq/kq SD
SS MIA22O MG776003 SW~OIO COPPER 27 2 J 012 r~/k~ SD

MIA221 MG776004 SW601O COPPER 25 2 J 012 mR/k~ SD
SS MIA222 MG776~05 SW6010 COPPER 181 J 012 rnA/k~ SD
SS MtA223FD MG776006 SW6010 COPPER 195 J 012 mRlkq SD
SS MIA225 MG776007 SW6010 COPPER 18 J 012 mRlkq SD
SS MIA227 MG776009 SW6010 COPPER 115 J 011 mR/k~ SD
SS MIA228 MG776010 EW(~]IO COPPER 1S9 J 012 rnqlk~ SD
SS MIA22O MG776011 SW6010 COPPER 212 J 012 m~/k~ SD
SS MIA230 MG776012 SW6010 COPPER 153 J 012 mq/kA SD
SS MIA231FD MG776013 SW6010 COPPER 163 J 012 mq/k~ SD
SS MIA233 MG776014 SW6010 COPPER 156 J 012 mR/k~ SD
SS MIA23b MG776016 SW6010 COPPER 146 J 011 m~/kq SD
SS MIA237 MG776017 SW6010 COPPER 134 J 011 mq/kq SD
SS MIA239 MG776019 SW6OI0 COPPER 106 J 011 mq/kq SD
SS MIA240 MG776020 SW6010 COPPER 43 J 011 rnq/kq SD
SS MIA253 MG776022 SW6010 COPPER 169 J 011 mq/kq SD
SS MIA2.5.4 MG776023 SW6010 COPPER 14 J 012 rT~/k~ SD
SS MIA25,5 MG776024 SW6010 COPPER 39 1 J O 52 n’~/kq SD
S.S MIA256 MG776025 SW6010 COPPER 2O2 J 011 mq/kq SD

SS MIA257 MG776026 SW6010 COPPER 4 J 011 mq/kq SD
SS MIA259 MG776028 SW6010 COPPER 71 J 011 mq/kq SD
SS MIA260 MG77602O SW6OlO COPPER 127 J 012 SD
SS MIA128 MG785801 SW6010 COPPER 154 J 012 mq/kq SD
SS MIA129FD MG785CO2 SW6010 COPPER 165 J 012 rnq/kq SD
SS MIAt32 MG785003 SW6010 COPPER 159 J 011 mR/k~ SD
SS MIA295 MG785007 SW6010 COPPER 91 J 011 mq/k~ SD
SS MIA296 MG785008 SW6810 COPPER 133 J 011 mq/kq SD

SS M~A297FD MG78580~ SW6010 COPPER 163 J 011 mq/kq SD

SS MIA299 MG785010 SW6010 COPPER 91 J 011 mRlkR SD
SS MIA302 MG785013 SW6010 COPPER 168 J 012 mq/kq SD
SS MIA303 MG785014 SW6010 COPPER 189 J 012 mq/kq SD
SS MIA304 MG785015 SW6OlO COPPER 219 J 012 mq/k~ SD=

SS MIA226 MG776008 SW601 e COPPER 76 TR J 0 45 mq/kq SD

SS MIA234 MG776015 SW6010 COPPER 87 TR J 0 43 mq/kq SD
SS MIA238 MG776018 SW6010 COPPER 82 TR J 11 mq/kq SD

SS MIA252 MG776021 SW6010 COPPER 109 TR J 0 52 mq/kq SD

SS MIA258 MG7760R7 SW60t0 COPPER 38 TR J O 53 m~/kq SD

SS MIA1E8 MG770001 SW601O LEAD 43 7 J O68 rT~q/kq SD

SS MIA189FD MG770002 SW6010 LEAD 536 J O 68 mq/kq SD

SS MIA193 MG770006 EWE:010 LEAD 1S4 J 015 mR/kq SD

SS MIA218 MG776001 SWEDIO LEAD 384 J 016 mq/kq SD
SS MIA22O MG776003 SW~OIO LEAD 416 J 0 16 mq/kq SD
SS MIA2Ol MG776004 SW6010 LEAD 343 J 0 16 mq/kq SD

SS MIA222 MG776005 SW6010 LEAD 49 9 J O16 mq/kq SD

SS MIA223FD MG776006 SW60~0 LEAD 56S J O 15 mq/kq SD
SS MIA225 MG776007 SWEOIO LEAD 21 J 0 16 rnq/kq SD

MIA226 MG776008 SW6OIO LEAD 141 J 0 57 mq/kq SD

SS MIA227 MG776009 SW6010 LEAD 135 J O 14 mq/kq SD

&S MIA228 MG776010 SWE010 LEAD 188 J 015 mqlkq SD
SS MIA22O MG776011 SW6010 LEAD 85 4 J 016 mqlkq SD

SS MIA230 MG776012 SW~010 LEAD 117 J 015 mqlk~ SD

SS MIA23}FD MG776013 SW~OIO LEAD 165 J 015 mq/k~ SD

SS MIA233 MG776014 SW6010 LEAD 93 J 0 15 mq/kn SD

SS MIA234 MG776015 SW(:OlO LEAD 932 J O56 mqlkn SD

SS MIA236 MG776016 SW6010 LEAD 210 J 0 14 mq/kq SD

SS MIA237 MG776017 SW6010 LEAD 120 J 014 m~/k~ SD

SS MIA238 MG776018 SW6010 LEAD 24 9 J 14 m~/k~ SD

SS MIA239 MG776019 SW6010 LEAD 125 J 0 14 rnq/kq SD

SS MIA240 MG776020 SW6010 LEAD 22 J 014 n~/k~ SD

SS MIA252 MG776021 SW6010 LEAD 162 J O66 mq/k# SD

SS MIA253 MG77(:~22 SW6010 LEAD 12 1 J 015 SD

S~ MIA254 MG776023 SW6010 LEAD 86 J 015 rna/ka SD

SS MIA255 MG776024 SW6010 LEAD 1400 J O 67 rT’,q/kq SD
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SS MIA256 MG776O35 SW3Ol0 LEAD 1590 J OM mq?kq SD

SS MIA257 MG77b026 SW6010 LEAD 95 2 J 014 mq(kR SD

SS MIA258 MG776027 SW6010 LEAD 762 J O68 mqikq SD

SS MIA259 MG776028 SW6010 LEAD 745 J 014 ma/ko SD

SS MiA260 MG776029 SW6010 LEAD 155 J 015 ma/ka SD

SS MIA243 MG77B021 5"VVO310 LEAD 188 J 014 mq/kq SD

SS MIA264 MG778022 SW6010 LEAD 202 J 014 mq/kq SD

SS MIA265 MG778O33 SW6010 LEAD 118 J 14 r’nq/kq SD

SS MIA269 MG778027 SW6010 LEAD 187 J 015 mqikq SD

SS MIA270 MG778028 SW601O LEAD 82 1 J 0 14 m~/kq SD

SS MIA275 MG778001 SW6010 LEAD 148 J 0 69 mqfk~ SD

SS MIA3~5 MG7780O3 SWSOI0 LEAD 32 8 J 016 mq/kq SD

SS MIA3O3 MG77800,4 SWSOI0 LEAD 104 J 015 mqlk~ SD

SS M~A3O7FD MG778005 SWSOt0 LEAD I05 J 015 ma/ka SD

SS M~A3O9 MG778006 SW601O LEAD 96 J 014 malka SD

SS MIA313 MG778010 SW6010 LEAD 344 J 14 rnq/kq SD

SS MIA314ED MG778011 SW3Ol0 LEAD 727 J 13 m~/kR SD

SS MIA315 MG778012 SW3OI0 LEAD 25O J 14 rn~/kn SD

SS MIA316 MG778013 SW6010 LEAD 157 J 14 rn~/kR SD

SS MIA128 MG783O01 SW601O LEAD 36 3 J 015 rnq/kq SD

SS MIA129FD MG783O02 SW60] 0 LEAD 35 4 J 015 mq/kq SD

SS MtA132 MG785G03 SW60t0 LEAD 114 J 015 n~/kq SD

SS MIA295 MG785O07 SWsO~O LEAD 22 6 J 014 mqlkq SD

SS MIA296 MG785C08 SW601O LEAD 127 J 014 mqlk~ SD

SS MIA297FD MG785O09 SW6010 LEAD 137 J 014 rnq/kg SD

SS MIA299 MG785Ol0 SW6010 LEAD 143 J 014 rT1q/k~ SD

SS MIA302 MG785013 SW6010 LEAD 292 J O ~5 mqlkq SD

SS MIASO3 MG785O14 SW5Ol O LEAD 32 J O 15 mq/kq SD

SS MIA3O4 MG785O15 SW5Ol 0 LEAD 74 9 J 0 16 mqlkq SD

SS MIA243 MG778021 SWSOl 0 NICKEL 78 J O O35 mq/kq SD

SS MtA264 MG778022 SWSOl 0 NICKEL 11 J O O36 mqfkR SD

SS MIA265 MG778023 SWSOl0 NlCKEL 83 J O O35 ma/ko SD

SS MIA269 MG778027 SWS010 NICKEL 26 4 J 0 036 mqlkq SD

SS MIA270 MG778028 SW6010 NICKEL 115 J 0 036 m~ikq SD

SS MIA305 MG7780O3 SWSOI0 NICKEL 14 1 J 0 039 mq/kp SD

SS MIA3O6 MG778004 SW6010 NICKEL 151 J 0037 rn~/ka SD

SS MIA307FD MG778005 SW6010 NICKEL 142 J 0O38 rna/ka SD

SS MIA309 MG778[]06 SW6010 NICKEL 146 J O 036 mqfk~ SD

SS MIA313 MG778010 SWSOl0 NICKEL 67 J OO34 mq(kq SD

SS MIA314FD MG778011 SWSOI0 NICKEL 46 3 J O034 mqikq SD

S~ MIA315 MG778012 SWSOI0 NICKEL 63 J 0 O35 mq/kq SD

SS MIA316 MG778013 SWSOl0 NICKEL 69 J O O35 rnalka SD

SS MIA12B MG785C~I SWSO~0 NTCKEL 137 J 0O37 malka SD

SS MIA129FD MG785CO2 SW6010 NICKEL 157 J OO37 mq/kq SD

SS MIA132 MG785003 SW6010 NICKEL 168 J 0037 mq/kq SD

SS M~A295 MG785007 SW6010 NICKEL 61 J 0O34 mRlk~l SD

SS MIA296 MG7850O3 SW6010 NICKEL 7 J 0O35 mq/kq SD

SS MIA2q7FD MG785O09 SWSOl0 NICKEL 83 J 0 034 mq/kq SD

SS MIA299 MG785OI0 SW6010 NICKEL 85 J OO34 r’nq/k,~ SD

SS MIA3O2 MG785013 SW6010 NICKEL 171 J 0 O39 mqlkR SD

SS MIA3O3 MG785O14 SW6010 NICKEL 181 J o 039 rnq/kq SD

SS MIA304 MG785O15 Sw3O~0 NICKEL 167 J 0 039 rn~lk~q SD=

SS MIA275 MG778001 SW6010 NICKEL 105 TR J 017 n’~Ikq SD

SS MiA328FD MG7575O1 SW6010 ZINC 299 J 012 m~/k~ SD

SS MIA33O MG757002 SW6010 ZINC 606 J 013 ma/ka SD

SS MIA331 MG757O33 SWSOl0 ZINC 359 J 013 ma/ka SD

SS MIA332 MG757004 SW5Ol0 ZINC 57 3 J 013 n~/kq SD

SS MIA333 MG7570O3 SW6010 ZINC 57 8 J D13 ma/ko SD

SS MIA334 MG757[]06 SW3Ol0 ZINC 653 J 012 mq/kR SD

SS MIA335 MG757007 SW3olO ZINC 37 4 J 013 mRfk~ SD

SS MIA335 MG757£C8 SW6010 ZINC 307 J 013 r~/k~ SD

SS MIA337 MG757009 SW601O ZiNC 61 4 J 012 rnqlk,~ SD

SS MIA338 MG757010 SW6010 ZINC 3OO J 012 m,~Ikq SD

SS MIA339 MG757011 SW6010 ZINC 3O2 J 012 ~lkR SD

SS MIA349 MG757012 SWSOl0 ZINC 57 4 J 014 mq/kq SD

SS MIA350 MG757013 SW5Ol 0 ZINC 443 J 013 mq/kq SD

SS MIA351 MG757014 SWSOl0 ZINC 38 9 J 012 mqlkq SD

SS MIA188 MG77O301 SWSOl 0 ZINC 142 J 012 ma/k¢l SD

SS MIAI89FD MG770(]02 SvV6G10 ZINC 74 8 J 012 mqfkq SD

SS MIA193 MG770006 SW6010 ZINC 5,37 J 013 rnq/k~ SD

SS MTA218 MG776001 SW6010 ZINC 59 4 J 013 ma/ka SD

ATU 147543JAPP EN DIC 5S/APP CiTable C_4-3.xlSJAttachment A C-121



AI-rACHMENT/I

Changes m Qualifiers Due to the Data Vahdabon Process

Memphis Depot Mare/nsta/lation RI

Anolyilcal Final Lab Flnol

MalTix Sample ID lab Sample ID Method PatQmeter Result Quol Quol Det Ur~t Units gual Reason

SS MIA221 MG776004 SW5O10 ZINC 652 J 013 ’ mqlkq SD
SS MIA1,53 MG756001 SW5OlO ZINC J 012 mq/kR SD
SS MIA155 MG756003 SW5O10 ZINC 141 J 013 I mq/kq SD
SS MIA156 MG755O0,4 SWOO10 ZINC 170 J 012 i mq/kq SD
SS MIA}58 MG756006 SW6010 ZINC 539 J 012 mR/kq SD
SS MTA159 MG756007 SvV6010 ZINC 34O J 012 I m~/kCt SD
SS MIAI 5OFD MG756008 SW5O10 ZINC 251 J 012 , mQ/kQ SD
SS MIA162 MG75~Q09 SW5OIO ZINC 49 8 J 012 I mqfkq SD
SS MIA163 MG75~110 SW5OIO ZINC 368 J 013 ’ mqfkq SD
SS MIA164 MG7560t 1 S’W~ 10 ZINC 1010 J 013 ’, mq/kq SD
SS MIA165 MG756012 SW5Ol0 ZINC 594 J 013 ’ mC/[kq SD
SS MIA166 MG756013 ~5O10 ZINC 33 4 J 013 , m~/kq SD
SS MIA167 MG756014 ~5O10 Z}NC 2O4 J 014 i r,~/kg SD
SS MIA168 MG756015 SW6010 ZINC ¯ 48 9 J 013 , rnqlkg SD
SS MIA169 MG756016 SW6010 ZINC 39 4 J 012 rn~/k~ SD
SS MIA170 MG756017 SW6010 ZINC 235 J 012 r~/k~ SD
SS MIA171FD MG756018 SW6010 ZINC 329 J 012 , m~Ikq SD
SS MIA172 MG756019 SW5Ol0 ZINC 52 J 012 rn~/kq SD
SS MIA173 MG756020 ~5O10 ZINC 43 J 013 I m#lkg SD
SS MIA325 MG756025 SW6010 ZINC J 012 : m~/kq SD
SS MIA326 MG756026 Sw6010 ZINC 78 J 012 , n~/kQ SD
SS MIA327 MG756027 Sw6010 ZINC 282 J 012 m~/kq SD
SS MIA220 MG77~03 SW6010 ZINC 766 J 014 i mqlkq SD
SS MIA222 MG776g05 SW6010 ZINC 8O6 J 013 mfl/kq SD
SS MIA223FD MG776006 ~5O10 ZINC 82 3 J 013 ’ mq/kg SD
SS MIA225 MG776007 SW601O ZINC 59 7 J 013 mqfkq SD
SS MIA226 MG776008 SW6010 ZINC 26 2 J 012 , mq(kq SD
SS MIA227 MG7760D9 Sw6010 ZINC 31 4 J 012 mqfkq SD
SS MIA228 MG77~Q10 SW5OI0 ZINC 67 8 J 013 I mq/kq SD
SS MIA229 MG775O11 SW6010 ZINC 105 J 013 I mq/kq SD
SS MIA230 MG776012 SW6010 ZINC 439 J 013 I mqfkq SD
SS MIA231 FD MG776013 SW6010 ZINC 5O2 J 013 I mq/kq SD
SS MIA233 MG776014 SWSOlO ZINC 41 J 013 i m~lkq SD
SS MIA23.4 MG776015 S’VVSO 10 ZINC 123 J 012 mq(kq SD
SS MIA236 MG775O16 SW6OlO ZINC 229 J 012 mq/kq SD
SS MIA237 MG775Ol 7 SW5O10 ZINC 433 J 012 I rr~Ikq SD
SS MIA238 MG775O18 SW5Ol0 ZINC 416 J 012 i mq/kq SD
SS MIA239 MG775O19 ~10 ZINC 37 3 J 012 I rr~lk# SD
SS MIA240 MG776020 SWSOlO ZINC 28 2 J 012 mq/kq SD

SS MIA252 MG776021 SWSOlO ZINC 312 J 011 mq/kq SD
SS MIA253 MG776022 SWSOl0 ZINC 566 J 013 ’ mRfkR SD
SS MIA254 MG77~O23 SW5O10 ZINC 40 2 J 013 , mR(kR SD
SS MIA255 MG776024 ~5O10 ZINC lt5o J 011 mq/kq SD
SS MIA256 MG776025 SWSOI0 ZINC 69O J 012 mq/kq SD

SS MIA257 MG776026 SW6010 ZINC 653 J 012 mq/kR SD
SS MIA258 MG776027 SW5O10 ZINC 354 J 012 i mq/kq SD
SS MIA259 MG776028 SWSOlO ZINC 571 J 012 mq/kq SD
SS MIA25O MG776029 SWSOI0 ZINC 495 J 013 , mq/kq SD

SS MIA243 MG778021 SW5Ol O ZINC 140 J 012 rnq/kq SD
SS MIA264 MG778022 SvVSOI0 ZINC 43 8 J 012 mq/kq SD
SS MIA265 MG778023 SW~10 ZINC ,444 J 012 I mq/kq SD

SS MIA269 MG778027 SWSOl0 ZINC 228 J 012 , mF~fkq SD

SS MiA270 MG778028 SWSOl 0 ZINC 87 7 J 012 I rn~/~q SD
SS MIA275 MG778001 SWSOlO ZINC 454 J 059 ’ mq[kq SD

SS MIA305 MG778003 SWSOI0 ZINC 553 J 013 m~/kR SD

SS MIA306 MG778004 SWSOlO ZINC 45 2 J 013 I mcVkR SD
SS MIA307FD MG778005 SWSOl0 ZINC 424 J 013 1 mq/kq SD

SS MIA309 MG77800b SWSOlO ZINC 434 J 012 I mq/kq SD

SS MIA313 MG778010 SWSOlO Z~NC 184 J 012 ; mq/kq SD
ss MIA314FD MG778011 ~5O10 ZiNC 1770 J 012 I m~fkq SD
SS MIA315 MG778012 SW5Ol0 ZINC 121 J 012 I mqIkq SD

SS MIA3t6 MG778013 SWSOl0 ZiNC 117 J 012 I mq/kq SD

MIAI28 MG785001 S’WSOlO ZINC 728 J 013 I mq/kq SD
SS MIA129FD MG785002 SWSOlO ZINC 752 J 013 I mq/kq SD

SS MIA132 MG785003 SWSOl0 Z~NC 46 9 J 013 ! mq/kq SD
SS MIA295 MG785(]07 SWSOl0 ZINC 28 J 012 i mqlk~ SD
SS MIA296 MG7~ ~5O10 Z~NC 299 J 012 I mq/kq SD
SS MIA297FD MG 7850[~ SW5O10 ZINC 347 J 012 ’ mq/kq SD
SS MIA2~X~ MG785010 SWSOl0 ZtNC 45 J 012 I mq/kq SD
SS MIA302 MG7850t3 SW6010 ZINC 59 2 J 013 mq/kq SD

SS MIA303 MG785014 S’WSO 10 ZINC 69 4 J 013 1 mQ/kq SD
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SS MIA3O4 MG785015 SW6010 ZINC 107 J 013 mq/kq SD

SS MIA145 MG743~09 SW6010 ZINC 49 J 012 ma/kQ SD

WS MIA01RFD MG582002 SW808t ALDRIN OO5 UJ OO5 uq/L SS

WS MIA019ED MG582002 SWS08I ALPHA BHC O05 U UJ OO5 u~/L SS

WS MIA019FD MG582OO2 SW8081 ALPHA ENDOSULFAN OO5 U UJ 005 u~/L SS

WS MIA019FD MG682OO2 SWB081 ALPHA-CHLORDANE OO5 U UJ 005 uq/L SS

WS MtA019FD MG682002 SvVB081 BETA 8HC OO5 U UJ OO5 uq/L SS

WS M}A019FD MG682002 SWBO5 1 BETA ENDOSULFAN 01 U UJ 01 uq/L SS

WS MIAO19FD MG582002 SW8O51 DELTA BHC (DELTA 0O5 U UJ OO5 u~/L SS

WS MIAO19FD MG582002 SWBO81 DIELDRIN 01 U UJ 01 ua/L SS

WS MIA019Fo MG582002 SW8081 ENDOSULFAN SULFATE 01 U UJ 0t uFVL SS

WS MIA019FD MG582002 SWE081 ENDRiN 01 U UJ 01 uq/L SS

WS MIA019FD MG582002 SWS081 ENDRIN ALDEHYDE 01 U UJ 01 ua/L SS

WS MIA019FD MG582002 SW8081 ENDRIN KETONE 01 U UJ 01 ua/L SS

WS MIA019FD MG582002 SWS08t GAMMA BHC (UNDANE’I OO5 U UJ OO5 ua/L SS

WS MIA019FD MG682002 SWS08t GAMMA-CHLORDANE 0O5 U UJ OO5 ua/L SS

WS MIA019FD MG682002 SW8081 HEPTACHLOR OO5 U UJ 00,5 ua/L SS

WS MIA01RFD MG582002 SW8081 HEPTACHLOR EPOXIDE OO5 U UJ O 05 uq/L SS

WS MIA019FD MG582002 SW8081 METHOXYCHLOR O5 U UJ O5 uq/L SS

WS MiA0}RFD MG582002 SWBO81 p p’-DDC 01 U UJ 01 uq/L SS

WS MIA019FD MG682002 SWB081 p p’-DDE 01 U UJ 01 ua/L SS

WS MIAO1RFD MG582002 SW8081 p p’ DDI 01 U UJ 01 uq/L SS

WS MIA019FD MG582002 SW8081 PCB-1016 (AROCHLOR 1016") I U UJ I ualL SS

WS MIAO19FD MG682002 SW8081 PCB-1221 (AROCHLOR 1221) 2 U UJ 2 uq/L SS

WS MIAO19FD MG682C6"2 SW8081 PCB-1232 (AROCHLOR 1232) I U UJ 1 uq/L SS

WS MIAO19ED MG682002 SW8081 PCB-1242 (AROCHLOR 1242) I U UJ I uq/L SS

WS MIA019ED MG682002 SW8081 PCB-1248 (AROCHLOR 1248) I U UJ I uq/L SS

WS MIA019FD MG682002 SW808t PCB-12B4 (AROCHLOR 1254) I U UJ I uq/L SS

WS MIA019FD MG682002 SW8081 PCB-1260 (AROCHLOR 1260) I U UJ I uqlL SS

WS MIA019FD MG582002 SW8081 TOXAPHENE 5 U UJ 5 u~/L SS

SS MIAO56 MG7200a4 SW81O5 I -METHYLNAPHTHAEEN E 58 U UJ 58 u#/kq SS
ss MIA056 MG720004 SW81O5 2-METHYLNAPHTHALENE 58 U UJ 58 uq/kg SS

SS MIAO56 MG72Oe[~ SW81OO ACENAPHTHENE 58 U LU 58 SS

SS MIAO56 MG7’20(304 SW8100 ACENAPHTHYLENE 58 U UJ 58 u#/k~q SS

SS MIAO56 MG720004 SW81O5 ANTHRACENE 58 U LU 58 uq/kq SS

SS MIAO56 MG720004 SW81O5 BE NZO(o)ANTHRACE 58 U UJ 58 uq/kq SS

SS MIA056 MG7~ SW8100 BENZO(oIPYRENE 58 U UJ 58 uq/kq SS

SS MIAO56 MG72C(]D4 SW81O5 BENZO(b) FLUORANTHENE 58 U UJ 58 uq/kq SS
SS MIAO56 MG720004 SWSloo BENZO(C!,h J)PERYLE 58 U UJ 58 uq/kq SS
SS MIAO56 MG720004 SW81O5 BENZO(k) FEUORANTHENE 58 U UJ 58 uq/kq SS

SS MIAO56 MG720004 SW8100 CHRYSENE 58 U UJ 58 u~/kF! SS

SS MIAO56 MG720004 SW8100 DIBENZ(o h’>ANTHRACENE 58 U UJ 58 uR/k# SS

SS M~AO56 MG720004 SW81O5 FLUORANTHENE 58 U UJ 58 uq/k# SS

SS MIAO56 MG7200D4 SW81OO FLUORENE 58 U UJ 58 uq/k~ SS

SS MrAO56 MG7’2~C04 SW81OO INDENC~’I 2,3-c d)PYRENE 58 U UJ 58 uqfk# SS

SS MIAO56 MG7200O5 SW8100 NAPHTHALENE 58 U UJ 58 uq/kq SS
SS MIAO56 MG720Q04 SW8100 PHENANTHRENE 58 U UJ 58 uqfkq SS
SS MIA056 MG720004 SW81OO PYRENE 58 U UJ 58 uqfkq SS

SS MIA040 MG720008 SW81OO I -METHYLNAPHTHALENE 1000 U UJ 1000 uq/kq SS

SS MIA060 MG7200O5 SW8100 2-METHYLNAPHTHALENE 1000 U UJ I0(30 uqfkq SS

SS MIA060 MG720OO8 SW81OO ACENAPHTHENE 1000 U UJ 1000 uq{kq SS

.&S MIAO50 MG7200O5 SW81OO ACENAPHTHYLENE 1000 U UJ 1000 uFVk!q SS

SS MIAOSO MG72CCO5 SW81OO ANTHRACENE 1000 U UJ 1000 u~/kq SS

SS MIAOSO MG720008 SW8100 BENZO(a)ANTHRACENE 2OOO J 1000 u~/kq SS

SS MIAOSO MG7200O5 SW81OO 8ENZO~’a)PYRENE 22O[] J 1000 u~/k~q SS

SS MtA060 MGT~ SW8100 BENZO(b) FLUORANTHENE 22OO J iooo uq/kq SS
SS MtA058 MG720008 SW8100 BENZO(a h I~PERYLENE ~580 J 1(%O u~Ik~ SS

SS MIA060 MG720008 SW8100 BENZC~’k/FLUORANTHENE t900 J 1000 u~/k~q SS
SS MIAOS0 MG720C08 SW81OO CHRYSENE 2400 J 10(:O uq/kq %
SS MIA060 MG7200O5 SW81CO DIBENZ(a,h) ANTHRACENE 1(300 U UJ 10(:O uq/kq SS

SS MIA060 MG720008 SW8100 FLUORANTHENE 49OO J 1000= uq/kq SS

SS MIAOS0 MG720008 SW8100 FLUORENE 1000 U UJ 1000 u~q/kq SS
SS MIAO50 MG7200O5 SW81OO INDENO(1 2 3-c d)PYRENE 1400 J 1000 uq/kq SS

SS MIA060 MG7200O5 SW8100 NAPHTHALENE 1000 UJ 1000 uR/kq SS

SS MIAO50 MG720008 SW81OO PHENANTHRENE 34OO J 1000 uq/kq SS
SS MIAOSO MG72C(]O5 SW81O5 PYRENE 35OO J t000 uq/kq SS
SS MIA082 MG723014 SW8100 BE NZO(o)ANTHRACE 6100 J 1300 uq/kq SS

SS MIA082 MG723014 SW81OO BENZO(o)PYRENE 8100 J 1380 uqNq SS

Ss MIAO52 MG7230;4 SW81OO BENZO{b)FLUORANTHENE 54OO J 1300 uqfkq SS

SS MIAO52 MG723014 SW8~OO BE NZO(q h I)PERYLE 26OO J 13[;0 ua/k#

SS MIAO52 MG723014 SW81OO BENZO(k) FLUORANTHENE 7O(]O J 1300 uq/kq S$
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SS MIA082 MG723014 SW81OO CHRYSENE 71(30 J 13OO uq/k~

SS M~A082 MG723014 SW81OO FLUORANTHENE 140O0 J 1300 uq/kfl SS

SS MIA082 MG723014 SW8100 1NDENO(lr2 3-c,d)PYRENE 3400 J 1300 ualka SS

SS MIA082 MG723014 SW81OO PHENANTHRENE 88OO J 13(30 u~fkq SS

MIA082 MG723014 SWSIOO PYRENE 1OO0O J 1300 ucVk~ SS

SS MIA[]&5 MG723017 SWSIOO BENZO(a)ANTHRACENE 220O J 1000 uq/kcp SS

SS MIA085 MG723017 SW8lOO BENZC~a)PYRENE 230O J I000 UQ/ka SS

SS MIA085 MG723017 SW81OO BENZO(b) FLUORANTHENE 230O J 1000 ua/ka SS

SS MIA085 MG723017 SW81OO BENZO~a h,DPERYLENE 1300 J 1000 uafka SS

SS MIA085 MG723017 SW81(30 BENZO,f k’~FLUORANTHE NE 2a00 J 10OO ua/ka SS

SS MIA085 MG723017 SW81OO CHRYSENE 2600 J 10(30 uQfk~ SS

SS MIA085 MG723017 SW81OO FLUORANTHENE 49OO J 10(30 u£tkR SS

SS MIA085 MG723017 SW81OO INDENO~1,2,3-c d)PYRENE 1400 J I0120 uq/k~ SS

SS MIA085 MG723017 SW81OO PHENANTHRENE 2800 J 1000 uq/kq SS

SS MIA085 MG723017 SW81OO PYRENE 360O J 1000 ualk# SS

SS MIA118 MG730026 SW81OO ACENAPHTHENE 2OO0 J 1100 ufllkR SS

SS MIA118 MG730026 SW8100 ANTHRACENE 22O0 J 1100 u~/k~ SS

SS MIA118 MG730026 SWB1 (30 BENZO(o’~ANTHRACE NE 130(30 J II00 ua/ka SS

SS MIA118 MG730D26 SWSIOO BENZO(o)PYRENE 110O0 J 11(30 uq/kq SS

SS MIA118 MG73Q026 SWS1 (30 BENZO(b)FLUORANTHENE 10000 J I100 uq/kq SS

SS MIA118 MG730026 SW81(30 BENZO(q,h t)PERYLENE 820O J 1100 uq/k# SS

SS MIA118 MG730026 SW81OO BENZO{k)FLUORANTHENE 12OOO J It00 u~/k# SS

SS MIA118 MG730026 SW81(30 CHRYSENE 14OOO J 1100 uq/kq SS

SS MIA1]8 MG730026 SW81OO DIBENZ(a,h)ANTHRACENE 22OO J 1t00 uq/kR SS

SS MIA118 MG730026 SW81OO FLUORANTHENE 26OOO J 1100 uq/k~ SS

SS MIA118 MG730026 SW81OO FLUORENE 1300 J 1100 uq/k~ SS

SS MIA118 MG730(T26 SW81OO INDENO~1,2,3-C.d)PYRENE 1100O J 1100 uq/kfl SS

SS MIA118 MG730026 SW81OO PHENANTHRENE 14O0O J 1100 ualka SS

SS MIA118 MG72OO26 SW81OO PYRENE 2000O J II00 ua/ka SS

SS MIAI IR MG730027 SW81OO ACENAPHTHENE 26OO J 11(30 ua/ka SS

SS MIA119 MG730027 SW8100 ANTHRACENE 260O J II00 ua/ka SS

SS MIA119 MG730027 SW8100 BENZC~o’~ANTHRACENE 12O00 J 11(30 ua/ka SS

SS MIA119 MG730027 SWBI (30 BENZO(o)PYRENE 1OOOO J 1100 u#/kq SS

SS MIA119 MG730027 SW81 (30 BENZO(b)FLUORANTHENE 1OOOO J 1100 u~/kq SS

SS MTA119 MG730027 SW81 (30 BENZO(q h 0PERYLENE 73OO J 1100 ua/ka SS

SS MIA119 MG730027 SW8100 BE NZO(k)FLUORANTHENE 11OOO J ]tO0 uq/kq SS

SS MIA119 MG730027 SW81 (30 CHRYSENE 12OOO J lloo uq/k# SS

SS MIAI19 MG730027 SW81OO DIBENZ(a h)ANTHRACENE 2OOO J 1100 ua/ka SS

SS MIAI19 MG73GO’27 SW81OO FLUORANTHENE 25OO0 J IIOO SS

ss MIA119 MG7300"27 SW81OO FLUORENE 1600 J 11OO SS

SS MIA119 MG730027 SWSIOO INDENO{1 2,3-c d)PYRENE 1OOOO J 1100 uatka ss

SS MIAll9 MG730027 SW81OO PHENANTHRENE 16OOO J 1100 ualka SS

SS MIAIIR MG730027 SW8100 PYRENE 190[]0 J 11CO u~/k~ SS=

SB MIA2O5 MG743025 SW81OO 1 METHYLNAPHTHALENE 120 U UJ 120 uq/kq SS

SB MIA2O5 MG743025 SW81OO 2-METHYLNAPHTHALEN E 120 U UJ 120 ualka SS

SB MIA205 MG743025 SWSIO0 ACENAPHTHENE 120 U LU 120 uq/kq SS

SB MIA205 MG743025 SW8100 ACENAPHTHYLENE 120 U UJ 120 ua/ka SS

SB MIA2O5 MG743025 SW8100 ANTHRACENE 120 U LU 120 uq/kFt SS

SB MIA205 MG743025 SW81OO BENZO(a)ANTHRACENE 120 U UJ 120 u~/k~ SS

SB MIA205 MG743025 SW8100 BENZO(o)PYRENE 120 U UJ 120 u£/k~ SS

SB MIA2O5 MG743025 SW81OO BENZO(b)FLUORANTHENE 120 U UJ 120 uq/kq SS

SB MIA2O5 MG743025 SW8too BENZO(F] h I)PERYLENE 120 U UJ 120 ua/ka S~

SB MIA205 MG743025 SW81OO BENZO(k)FLUORANTHENE 120 U UJ 120 uq/kA SS

SB MIA2O5 MG743025 SW8100 CHRYSENE 120 U UJ 120 uq/k~ SS

SB MIA2O5 MG743025 SW8100 DIBENZ{o h)ANTHRACENE 120 U UJ 120 ua/kQ SS

SB MIA2O5 MG743025 SW8100 FLUORANTHENE 120 U UJ 120 ua/ka SS

SB MIA205 MG743025 SW8100 FLUORENE 120 U UJ 120 ua/ka SS

SB MIA2O5 MG743025 SW81OO INDENO(I 2 3-c d)PYRENE 120 U UJ 120 ua/ka SS

SB MIA2O5 MG743025 SWSIOO NAPHTHALENE 120 U UJ 120 uq/kq SS

SB MIA2O5 MG743025 SW81OO PHENANTHRENE 120 U UJ 120 u#/k~ SS

SB MIA2O5 MG743025 SW8100 PYRENE 120 U UJ 120 uqlk~ SS

SS MIA32O MG756021 SWSI00 BENZO~a)ANTHRACENE 42OO J 11(30 uq/k~ SS

SS MIA32O MG756021 SW8100 BENZO(a) PYRENE 43OO J 110(] uq/k# SS

SS MIA32O MG756021 SW81OO BENZC~b)FLUORANTHENE 370O J 1100 ua/ka SS

SS MIA32O MG756021 SW81OO BENZO(q h,0PERYLENE 33OO J II00 ualka SS

SS MIA32O MG756021 SW8100 BENZO(k)FLUORANTHENE 48OO J 11OO uq/kq SS

SS MIA32O MG756021 SWS1 (30 CHRYSENE 46(3O J 1100 ualka SS

SS MtA32O MG756021 SW81OO FLUORANTHENE 14OO0 J 1100 uq/k~ SS

SS MIA320 MG756021 SW81GO INDENO{I,2,3-C d)PYRENE 38OO J 1100 uqfkq SS

SS MIA32O MG756021 SWSloo PHENANTHRENE 78OO J 11(30 ualka SS

SS MIA32O MG755021 SW81OO PYRENE 11OOO J lloo uq/k£ SS
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% M~A206 MG770013 SW8100 1-METHYLNAPHTHALENE 530 U UJ ,53O ua/ka SS

SS MIA206 MG770013 SW8100 2-METHYLNAPHTHALEN E 53O U UJ 530 uolka SS

SS MIA206 MG770013 SW8100 ACENAPHTHENE &30 U UJ 530 uq/ka SS

SS MIA206 MG770013 SW815O ACENAPHTHYLENE 530 U UJ 530 u#[kq SS

SS MIA206 MG77CO13 SWSI5O ANTHRACENE 53O U UJ 53O u#/kq SS

SS MIA206 MG770013 SW815O BENZC~a)ANTHRACENE 530 U UJ 53O ua/ko SS

SS MIA206 MG773O13 SW8100 BENZO~’a)PYRENE 53O U UJ 53O ua/ka &3

SS MIA206 MG775Ol3 SW8100 BENZO(b)FLUORANTHENE 53O U UJ 53O uq/kq SS

SS MIA206 MG770013 SW8100 BE NZO~g,h i)PERYLENE 53O U UJ 53O uq/kq SS

SS MIA206 MG770013 SW81~0 BENZO{k)FLUORANTHENE 53O U UJ 530 uq/kq SS

SS MIA206 MG770013 SW815O CHRYSENE 530 U UJ 530 ua/ka SS

SS MIA206 MG77C(]13 SW815O DIBENZ{o~h) ANTHRACENE 5,3O U UJ 53O ualka SS

SS MIA206 MG770013 SWBI5O FLUORANTHENE 530 U UJ 53O ua/ka SS

SS MIA206 MG770013 SW8100 FLUORENE 530 U UJ 530 ualka SS

SS MIA206 MG775Ol3 SW8100 INDENO(I 2 3-c d)PYRENE 530 U UJ 53O ua/ka SS

SS MIA206 MG775O13 SW8100 NAPHTHALENE 53O U UJ 53O uqt’kq SS

SS MIA206 MG775Ol3 SW8100 PHENANTHRENE 53O U UJ 5.3O ua/ka SS

SS MIA206 MG775O13 SW810D PYRENE 53O U UJ 530 ualka SS

SB MIA207 MG770014 Sw8100 I -METHYLNAPHTHALENE 280 U UJ 280 ua/ka

SB MIA207 MG77CO14 SW8100 2-METHYLNAPHTHALENE 28O U UJ 280 ua/ka SS

SB MIA207 MG770014 SW8100 ACENAPHTHENE 28O U UJ 28O uq/kq SS

SB MIA207 MG770014 SW8100 ACENAPHTHYLENE 28O U UJ 28O uo/ka SS

SB MIA207 MG775O14 SW8100 ANTHRACENE 28O U UJ 25O ua/ka S$

SB MIA207 MG770014 SW815O BENZO~’o)ANTHRACE NE 28O U UJ 280 ua/ka $$

SB MIA207 MG775O14 SW815O BENZO(o)PYRENE 28O U UJ 28O ualka $$

SB MIA207 MG775O14 SW8100 BENZO~’b)FLUORANI HENE 28O U UJ 28O uF~/kq SS

SB MIA207 MG770014 SW8t00 BENZO(~ h i)PERYLENE 28O U UJ 28O u~lka SS

SB MIA207 MG770014 SW8100 BENZO(k)FLUORANTHENE 28O U UJ 28O ua/ka SS

SB MIA207 MG770014 SW8100 CHRYSENE 28O U UJ 28O ua/ka SS

SB MIA207 MG77CO14 SW8100 DIBENZ(a h)ANTHRACENE 28O U LU 280 uq/kq SS

SB MIA207 MG77CO14 SW815O FLUORANTHENE 28O U UJ 28O uq/kq SS

SB MIA207 MG77CO14 SW8100 FLUORENE 28O U UJ 28O uQIkQ S~

SB MIA207 MG770014 SW815O ~NDENO(1 2 3-c d~PYRENE 28O U UJ 280 ualka SS

SB MIA207 MG770014 SWBISO NAPHTHALENE 28O U UJ 28O uq/ka SS

SB MIA207 MG770014 SWBI00 PHENANTHRENE 280 U UJ 280 uFVk£ SS

SB MIA207 MG775O14 SW815O PYRENE 2BO U UJ 28O uafka SS

WQ MIA068EBRE MG723OO3RE SW8270 1 2 4-TRICHLOROBENZENE 10 U R 10 uq/L SS

WQ MJA068EBRE MG723003RE SW8270 1,2-DICHLOROBENZENE 10 U R 10 ua/L SS

WQ MIA068EBRE MG7235O3RE SW8270 1 3-DICHLOROBENZENE 10 U R 10 uq/L SS

WQ MIA068EBRE MG7235O3RE I SW8270 1 4-DICHLOROBENZENE ~0 U R 10 uq/L SS

WQ MIA068EBRE MG723003RE SW8270 2 2 -OXYBIS(1 -CHLORO)PROPANE 10 U R 10 uR/L SS

WQ MIA068EBRE MG7235O3RE SW8270 2,4r5-TRIC HLOROPHE NOL 5O U R 5O ualL

WQ MIA068EBRE MG7235O3RE ! SW8270 2 4 6-TRICHLOROPHENOL 10 U R I0 ualL SS

WQ MIA068EBRE MG7235O3RE SW8270 2 4-DICHLOROPH~NOL 10 U R 10 ua/L SS

WQ MIA068EBRE MG723003RE SW8270 2 4-DIMETHYLPHENOL 10 U R 10 uqfL SS

WQ MIA068EBRE MG723003RE SW8270 2 4-DINITROPHENOL ,5O U R 5O uCp’L SS

WQ MIA068EBRE MG7230G3RE SW8270 2,4-DINITROTOLUENE 10 U R 10 uFVL SS

WQ MIA068EBRE MG723003RE SW8270 2,6-DINITROTOLUEN E I0 U R 10 u~/L SS

WQ MIA068EBRE MG723003RE SW8270 2-CHLORONAPHTHALENE 10 U R 10 ua/L SS

WQ MIA068EBRE MG7235O3RE SW8270 2-CHLOROPHENOL 10 U R 10 u~lL SS

WQ MIA068EBRE MG7235O3RE SW8270 2-METHYLNAPHTHALENE 10 U R 10 u~l/L SS

WQ MIA068EBRE MG7235O3RE SW8270 2-METHYLPHENOL (o-CRESOL) 10 U R 10 uq/L SS

WQ M]A068EBRE MG7235O3RE SW8270 2-NITROANILINE 5O U R 5O uq/L SS

WQ MIA068EBRE MG7235O3RE SW8270 2-NITROPHE NOL 10 U R I0 u~/L SS

WQ M~A068EBRE MG723OO3RE SW8270 3 3 -DICHLOROBENZ~DIN[ 10 U R I0 uRIL SS

WQ MIA068EBRE MG723003RE SW8270 3-NITROANILINE 5O U R 5O uqfL SS

WQ MIA06BEBRE MG723003RE SW8270 4 6-DINITRO*2-METHYLPHENOL 5O U R 5O uoIL SS

WQ MIA[]68EBRE MG725O03RE SW8270 4-BROMOPHENYL PHENYL ETHER I0 U R I0 uF~/L SS

WQ MIAO68EBRE MG7235O3RE SW8270 4-CHLORO-3-METHYLPH ENOL 10 U R 10 uRIL SS

WQ MIA068EBRE MG723003RE SW8270 4-CHLOROANILINE 10 U R 10 uq/L SS

WQ MIA068EBRE MG7235O3RE SW8270 4-CHLOROPHENYL PHENYL ETHER 10 U R 10 uF~/L SS

WQ MtA068EBRE MG723003RE SW8270 4-METHYLPHENOL (p~CRESOL) I0 U R I0 uq/L SS

WQ MtA068EBRE MG7235O3RE SW8270 4-NITROANIUNE 5O U R 5O ua/L SS

WQ MIA068EBRE MG723003RE SW8270 4-NITROPHENOL 5O U R 5O ua/L SS

WQ MIA068EBRE MG723003RE SW8270 ACENAPHTHENE 10 U R 10 u~/L SS

WQ MIA068EBRE MG723CO3RE SW8270 ACENAPHTHYLENE 10 U R I0 ua/L SS

WQ MIA068EBRE MG723003RE SW8270 ANTHRACENE 10 U R I0 uqlL

uq/L 1

SS

WQ MIA068EBRE MG723003RE SW8270 BENZO{o)ANTHRACENE 10 U R 10 uR/L SS

WQ MIA068EBRE MG723003RE SW8270 BENZO(a)PYRENE I0 U R I0 SS

WQ MIA068EBRE MG7235O3RE SW8270 BENZO~’b) FLUORANTHENE I0 U R I0 ualL SS

WQ MIA068EBRE MG7235O3RE SW8270 BENZC)(Q h t)PERYLENE 10 U R 10 UF~/L SS
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A’I-rACHMENT .a

Changes in Quahflers Due to the Data Vahdat=on Process

Memphis Depot Mare/nsta/latlon RI

Matrix

WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ
WQ

Analytical
Sample ID Lab Sample ID Method Parameter

MiAObEEBRE MG723003RE SW8270 BENZO(k)ELUORANTHENE
MIAObEBRE MG723O03RE SW8270 BENZYL BUTYL PHTHALATE
MIA068EBRE
MIAO68EBRE
MIA068EBRE

MG723003RE
MG723003RE
MG723003RE

SW8270 blS{2-CHLOROETHOXY) METHANE
SW8270 blS(2-CHLOROETHYL) ETHER
SW8270 blS(2-ETHYEHEXYL) PHTHALATE

MIAO68EBRE MG723003RE SW8270 CAREAZOLE
MIAO6BEBRE MG723803RE SW8270 CHRYSENE
MIA068EBRE MG723003RE SW8270 DIBENZ(a h)ANTHRACENE

SW8270 DIBENZOFURANMG723003REMlA068EBRE
MIA068EBRE MG723003RE SW8270 DIETHYL PHTHALATE
MIA068EBRE MG723003RE SW8270 DIMETHYL PHTHALATE
MIA068EBRE MG723003RE SW8270 DPn-BUIYL PHTHALATE
MIA068EBRE MG723003RE SW8270 DI-n-OCIYLPHTHALATE

MG723003RE
MG723003RE

SW8270 ELUORANTHENE
SW8270 FLUORENE

MIAO68EBRE
MIAO68EBRE
MIA068EBRE MG723003RE SW8270 HEXACHLOROBENZENE
MIA068EBRE MG723003RE SW8270 HEXACHLOROBUTADIENE
MIA068EBRE MG723003RE SW8270 HEXACHLOROCYCLOPENTADIE NE
M{A068EBRE MG723003RE SW8270 HEXACHLOROETHANE

MG723003RE SW8270 INDENO{L2 3~,d)PYRENE
$W8270 ISOPHORONE

MIAO68EBRE
MG723OQ3REMtAO68EBRE

MIAO68EBRE MG723DO3RE SW8270 NAPHTHALENE
MIA068EBRE MG723003RE SW8270 NITROBENZENE
MIA068EBRE MG723003RE SW8270 N-NITROSODI-n-PROPYLAMINE
MIAO68EBRE MG723003RE SW8270 N-NITROSODIPHENYLAM;NE
MIA068EBRE MG723003RE SW8270 PENTACHLOROPHENOL
MIAO68EBRE MG723003RE SW8270 PHENANTHRENE
MIAO68EBRE MG723003RE SW8270 PHENOL

SW8270 PYRENEMG723QO3REMIA068EBRE

Final Lab Final I
Result gual Qual Det Umlt Uni~ Quol Reason

10 U R 10 u~/L SS
10 U R 10 I u~/L SS
10 U R 10 , ug/L SS
10 U R 10 u~/L
TO U R tO ’ uq/L SS
I0 U R I0 ’ uq~L SS
tO U R tO ~ uq(L SS
tO u R I0 i u~/l SS
lO U R 10 I uq/L SS
10 U R 10 ! u~/L SS
10 U R 10 I uqlL SS
10 U R 10 ~

u~/L SS
10 U R 10 I u~/L &S
I0 U R IO , uq~L SS
10 U R 10 I uq~L SS
I0 U R 10 i M~{L SS
10 U R I0 ’ uq/E SS
I0 U R tO I uq(L SS
10 U R IO I uq/L SS
10 U R I0 I uq/L SS
I0 U R 10 I u~/L SS
10 U R I0 ; u~/L SS
lO u R 10 I uq/L SS
10 U R 10 I ufl/L SS
I0 U R I0 1 uq/L SS
5 U R 5 I uq/L SS

10 U R 10 , uqfL SS
10 U R 10 uq/L SS
10 U P 10 I uq/L SS
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APPENDIXD 488 26~.

COPC Selection for All FUs and Surrogate Sites

This appendix contains the following:

Table D-I-Constituents of Potential Concern in FUI: Surface Soil
Table D-2-Constituents of Potential Concern in FUI: Subsurface Soil
Table D-3--Constituents of Potential Concern in Screening Site 65: Surface Soil

Table D-4--Constituents of Potential Concern in Screening Site 65: Subsurface Soil
Table D-5-Constituents of Potential Concern in FU2: Surface Soil

Table D-6-Constituents of Potential Concern in FU2: Sediment
Table D-7-Constituents of Potential Concern in FU2: Surface Water
Table D-8-Constituents of Potential Concern in RI Site 59: Surface Soil
Table D-9-Constituents of Potential Concern m RI Site
Table D-10--Constituents of Potential Concern in FU3:

Table D-U--Constituents of Potential Concern in FU3:

59: Subsurface Soil

Surface Soil
Subsurface Soil

Table D-12-Constituents of Potential Concern in
Table D-13-Constituents of Potential Concern in

Table D-14-Constituents of Potential Concern in
Table D-15-K2onstituents of Potential Concern in
Table D-16-Constituents of Potential Concern in

Table D-17-Constituents of Potential Concern in
Table D-18-Constituents of Potential Concern m
SS14A: Surface Soil

¯ Table D-19-Constituents
¯ Table D-20--Constltuents
¯ Table D-21--Constituents

¯ Table D-22-Constituents
¯ Table D-23-Constituents

SS77C: Surface Soil
¯ Table D-24--Constituents
¯ Table D-25-Constituents
¯ Table D-26-Constituents
¯ Table D-27-Constituents
¯ Table D-28-Constituents
¯ Table D-29-Constituents

SS66A: Surface Soil
¯ Table D-30-Constituents
¯ Table D-31--Constituents

FU3: Sediment
RI Site 34: Surface Soil
RI Site 34: Subsurface Soil

FU4: Surface Soil
FU4: Subsurface Soil
FU4: Sediment

Residential Point Estimate at Station

of Potential Concern in

of Potential Concern in
of Potential Concern in
of Potential Concern in
of Potential Concern in

Screening Site 36: Surface Soil

Screening Site 36: Subsurface Soil
FU5: Surface Soil

FU5: Subsurface Soil
Residential Point Estimate at Station

of Potential Concern in Screening Site 77: Surface Soil
of Potential Concern in Screening Site 77: Subsurface Soil

of Potential Concern in FU6: Surface Soil
of Potential Concern in FU6: Subsurface Soil

of Potential Concern in FU6: Sediment
of Potential Concern in Residential Point Estimate at Station

of Potential Concern in Screening Site 66: Surface Soil
of Potential Concern in Screening Site 66: Subsurface Soil

Table D-32-Constituents of Potential Concern in FU7: Groundwater

Table D-33-Human Health Criteria per Chemical

ATU147543/APPENDICES/APP COVERSHEETS_NEW1 DOC D-1
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488 268

TABLE D-5

Constituents of Potenttal Concern tn FU2--Surface Soil

Memphis Depot Main Installabon RI

Pesticides PAHs Inorganics

DDE Benzo(a)pyrene Arsemc

DDT Benzo(a)anthracene Chromium, total
Dieldrin Benzo(b)fluoranthene Copper
ChLordane-alpha Lead
Chlordane-gamma Manganese

Nfckel
Note: COPCs have been adapted from the previous risk assessment of Parcel 3.

(Final Streamhned Risk Assessment for Parcel 3 Technical Memorandum,

CH2M HILL, January 1999)

P \147543~APPD_FU2 xls\COPC - P3 sods D-8
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TABLE D-33 I

Human Health Cntena per ChemcaJ

Memphis Depot Main Instal/abort R~

Surface so~ls & Surface, subsurface &

sediments (direct) sedtments (leachability) Groundwater SurfacQwatar
Parameter Name (mg~g) Source (mg/kg) Soun~ (mg/L)’ SourceI

(mg/L) Source

1.1,1,2-TETRACHLOROETHANE o 0O6 Q
1,1 ,I*TRICHLOROETHANE 100 a 2 ’c O2
1,1,2,2*TETRACHLOROETHANE 32 a O003 !c 0 OOOO53 0 0017

1.1,2-TRICHLOROETHANE 0 0O5
1,1 -DICHLOROETHANE a 23 !c 000

I ,I*DICHLOROETHENE 11 a 0 06 !c 0 007 0 00057
1,2,3,4,6.7,8- HE PTACH LOR ODIBE NZO-I> DIOXIN O000000043 a O OOOO5 3E-10 1E-11

1,2.3,4,6.7.8- H E PTACH LOR ODIBE N ZOF U RAN 0 000000043 a 0 OOOO5 3E-10 1E-11
1,2,3,4,7.8,9- H EPTAC H LORODIBE NZOF U RAN 0 0OO0OO043 a 0 OOO05 3E-10 1E-11
1,2,3,4,7,B-HEXACHLORODIBENZO-p*DIOXIN 0 0000C043 a 0 OO05 0 000000003 1E-10
1,2,3,4,7,8-HEXACHLORODIBENZOFURAN 0 ~0043 a 0 OOO5 0 000000003 1E-10

1,2,3,6,7,5-HEXACHLORODIBENZO-P-DIOXIN 0 00000043 a 0 OOO5 0 000000003 IE-10

I 2.3 6,7,8-HEXACHLORODIBENZOFURAN 0 00~3043 a 0 OOO5 0 000000003 1E-I0

1 2.3,7 8,9-HEXACHLORODIBENZO-P-DIOXIN O 0OOOOO43 a O 0005 0 000000003 1E-10
1,2,3,7,8,9-HEXACHLORODIBENZOFURAN 0 00000043 a O 0005 0 000000003 1E-10
1 2.3,7.8" PE NTAC HLOR O DIB ENZO-IP DIOXIN 000000215 a 0 0025 0000000315 5E-10 9
1,2,3,7,0-PENTACHLORODIBENZOFURAN 000000215 a 0 0025 0000000015 5E-10
1,2-DICHLOROETHANE 7 a 0 O2 0 005 0 0038

2.3,4,6.7,8-HEXACHLORODIBENZOFURAN 0 00000043 a O 0005 0 000000003 1E-10
2,3,4,7,B-PENTACHLORODIBENZOFURAN 0 0CO000215 a 000025 1 5E-00 5E-11
2.3,7,8*TETRACHLORODIBENZO-p-DIOXIN 000CO043 a 0 005 0 00000003 0 000000001 ?
2.37,8-TETRACHLORODIBENZOFURAN 0 00000043 a 00005 0 000000003 1E-10

2A-DIMETHYLPHENOL 100 a 9 0 073 e 0 54
2*HEXANONE 310 a 14 015 e

2*METHYLNAPHTHALENE 100 a 61 0012 e
4-METHYLPHENOL (p-CRESOL) 39 a O O2 0010 e
ACENAPHTHENE 470 a 570 0 22 e 12
ACENAPHTHYLENE 470 a 27

ACETONE 78O a 16 0 37 e

ALDRtN 0 038 a O5 0 0000039 e 0 0000013
ALPHA ENDOEULFAN 47 a 18 O 022 e 0 074

ALPHA*CHLORDANE 18 a O 002 d 0 0000057
ALUMINUM 7600 a

ANTHRACENE 2300 a 12OOO 11 e 96
ANTIMONY 31 a 5 OOO6 d 0014
ARSENIC 0 43 a 29 005 d 0 000018
BARIUM 500 a 100O 2 d 1

IBENZENE 22 a 0 03 0 OO5 d 0012 9
]ENZO(a)ANTHRACENE 0 07 a 2 0 0O0O9’2 e O OOOO44 9
3ENZO(a)PYRENE 0 O87 a 5 0 OO2 d 0 OOOO44 9
3ENZO(b)FLUORANTHENE 057 a 5 0 000092 o 0 OOOOO44

3ENZO(~,h.I)PERYLENE 230 a

3ENZO(k)FLUORANTHENE 67 a 49 O O0O92 e 0 OOOO44

3ENZYL BUTYL PHTHALATE 1600 a 900 0 73 e 3 ?
3ERYLLIUM 16 a 63 OOO4 d

~ETA BHC (BETA HEXACHLOROCYCLOHEXANE) 035 a 0 003 0 000037 e 000014 9
)IS(2-ETHYLHEXYL) PHTHALATE 46 a 360O 00048 e 00010 ?
3ROMODICHLOROMETHANE 10 a O6 0 08 d 0 0027 :9
3ROMOFORM 81 a O8 O 08 d 0 043

3ROMOMETHANE It a 02 000085 e

3ADMIUM 78 a 8 0 005 d

]ARBAZOLE 32 a O6 0 0033 e

~ARBON DISULFIDE 750 a 32 0t e
~,ARBON TETRACHLORIDE 49 a 0 07 0 005 d 0 0025 I?

3HLOROBENZENE 100 a 1 0 0035 o O 68

]HLOROFORM 100 a 06 01 d 0 O57

3HLOROMETHANE 49 a 001 0 0015 e

.3RROMIUM 10 12000 a 55 e

3HROMIUM, REXAVALENT 23 a 35 0 011 e
a*3HROMIUM. TOTAL 10800 38 0 011 e

~HRYSENE 87 a 160 O 0092 e 0 O0OO44
3OBALT 470 a 022 e

3OPPER 310 a 13 d 13

YANIDE 160 a 4O O2 d 07

3DO 27 a 16 000028 e 0 0000083

3DE 19 a 54 00002 e 0 00000059

)DT 19 a 11 0 0002 e 0 00000059

31-n-BUTYL PHTHALATE 780 a 23OO 0 37 e 27
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TABLE D-33 ~.

Human Health Cnlena per C~m~

Memphis Depot Ma~n Installation RI

Surface soils & Surlsce, subsurface &
sediments (direct) sediments (leachability) Groundwat~ Surfacewater

Parameter Name (mg/kg) Source (m~k9) Source (mg/L)’ Sou~81 (m~,.) SouTce

)I-n-OCTYLPHTHALATE 163 a 1OO0O c 0 073
)tBENZ(a,h)ANTHRACENE 0 087 a 2 c 0 OOOOO92 0 63~044
~ffBENZOFURAN 31 a 15 b O 0024
)IBROMCCHLOROMETHANE 76 a OOO3 c 000013 00041
)IELDRLN OO4 a OOO4 b 0 OO0OO42 0 63C00014
~)IETHYL PHTHALATE 63O0 a 470 e 29 23
)IMETHYL PHTHALATE 78OOO a 38O t~ 37 313
ENDRIN 23 a 1 I¢ O 002 0 00076
ENDRIN ALDEHYDE 23 a I 0 002 O O0O76
-=THYLBENZENE 78O a 13 07 31
:LUORANTHENE 310 a 43OO 015 O3 9
=LUORENE 310 a 56O 015 13 9
~AMMA BNC (LINDANE) 049 a 00O9 OOOO2 000019 9
~AMMA-CHLORDANE 18 a 0 002 O 0O00021
~IEPTACHLOR 014 a 23 0 0004 0 0000021
INDENO(1.2,3-c.d)PYRENE 0 87 a 14 0 OO0092 0 OOOO44
IRON 2300 a 11 03
LSOPHORONE 670 a O5 0 07 036
LEAD 400 a 0015
MANGANESE 1100 a 0 073 0 05
MERCURY 29 ,a 2 0 002 0 O6305
METHYL ETHYL KETONE (2-BUTANONE) 4700 ia
METHYL ISOBUTYL KETONE (4-METHYL-2- 63O l.

17 019
26 0 29

METHYLENE CHLORIDE 85 0 02 OOO41 0 047
N-NITROSODIPHENYLAMINE 130 1 0014 0 05
NAPHTHALENE 160 84 0 073
NICKEL 160 130 01 061

OCTACHLORODIBENZO-p DIOXIN 4 3E-3O 0 006305 3E-11 d 1E-12
OCTACHLORODIBENZOFURAN 4 3E-00 0 O630O5 3E-11 d IE-12
PCB-1260 (AROCHLOR 1260) 0 32 17 0 0OO5 d 0 00000044
PENTACHLOROPHENOL 53 0 03 0 001 0 0 0028
PETROLEUM HYDROCARBONS 34 34O 5 d
PHENANTHRENE 230 250
PHENOL 4700 100 22 e 21
PYRENE 930 963 011 e 096
SELENIUM 30 5 0 05 d 017
SILVER 39 34 0 018 e
TCDD Equivalent 0 0000043 0 O05 0 00000003 d 0 000063001
TETRACHLOROETHYLENE(PCE) 12 O 06 O 005 d 0 OO8
THALLIUM 0 55 O7 0 002 d 00017
TOLUENE 1600 12 1 d 65
TOTAL 1,2-DICHLOROETHENE 70 01 0 O7
Total X}’lenes 16000 O2 10 0
TRICHLOROETHYLENE (TCE) 55 0 06 0 005 d 0 027
VANADIUM 55 6630 0 026 e
ZINC 2300 12OOO 11 e 91
Notes

a = EPA Region III Residential Soil RSCs, 1999 (Note "EPA III Resl0entlat Soil Value was Calculated for total chromium from its isomers)

b = Brownhelcrs Groundwater Cleanup Target Level for Soil, 1998

c = EPA Sml Screening Level, 1996

0 = EPA Maximum Contaminant Levels for Groundwater, 1996

e = EPA Region Ill Tap Water RBCs, 1999

= EPA Amblenl Water Quality Criteria, 1999

g = En~ronrnental Law Reporter - Term Enwronrnental - H20 & Organism Values for Surface Water, 1996

The criteria used ~n this table were rewsrted to compare w;th the current (April 1999) EPA Arnblent Waler Quality criteria The comparafnle criteria

represent Human Health for Consumphen of ware: and Ofganlsm The review mdlcated that the mercury criterion has been changed to 0 00005 rng/L

Thls criterion Is s~=ghtly above the slte-reborted concentration in a single sample Of 31 surface water samples anatyzed for mercury, a stogie detecbon

of 00000g rng/l_ mercury Occurred This detected value marginally exceeded the new crttenon of 0 00005 rng/L In addition, the detected va~ue did not exceed the RBC

value of 0 00011 rngJL Therefore, the new EPA cntena only affect mercury, which consldenng the above-pascnbod issues, woutd notbe a constituent of slgndlcant
concern None of the other chemicals had a change in their status of "Ye,VNo" as COPes

P \I 47,~43~APPDl~1 xLs~Rewsed Cdlena D-47
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APPENDIX E

Preliminary Risk Evaluation for All Surface
Soils

311

A PRE was conducted previously for the data from the Main Installation (CH2M HILL,
April 1998), and these calculations are provided as an update of the additional data
collected since the last PILE.

These tables include carcinogenic and noncarcinogenic PRE calculations for the surface soils
in all applicable FUs for the Main Installation. Maximum PRE ratios are used to identify a
worst-case representative surrogate site per functional unit. Exceptions to choosing the
highest PRE include sites where the next highest PRE site is near the maximum PRE site,

and also has a larger list of COPCs (such as dieldrin). Then the second highest site 
selected as the surrogate site, and is identified with a footnote.

Maximum PRE values across FUs also were identified, and these highest PRE locations
(single data points) are used for residential risk estimations.

The following are included in this appendix:

¯ Table E-I-Summary of Surrogate Sites Within the Functional Units

¯ Table E-2-Summary of Carcinogenic Preliminary Risk Evaluation for Surface Soils

¯ Table E-3-Carcinogenic Preliminary Risk Evaluation for Surface Soils

¯ Table E-4--Summary of Noncarcinogenic Preliminary Risk Evaluation for Surface Soils

¯ Table E-5-Summary of Noncarcinogenic Preliminary Risk Evaluation for Surface Soils

NOTE: Only the first 6 pages of this appendix are included hard-
copy, because of its large size. The complete appendix is included on
the enclosed CD-ROM. The full hard-copy appendix is found starting
in Volume 5, which is found in the Administrative Record.

ATU147543/APPENDICES/APP COVERSHEETS_NEW1 DOC E-1



488 312

APPENDIX E~°RELIMINARY RISK EVALUATION FOR ALL SURFACE SOILS
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TABLE E-1

Summary of Surtogale Sites ~Ithln i~le F¢lnc~ona~ Units {Surface So~ts Max~um O~tecstd Co~cen~’abons)

Memphis De#ot Mazn Ins~a~on R/

Site

Maximum Preliminary Risk Evafoation
Functlonat Surrogate

.oft C.ro,°o .fo.,.k R.. O I St=fon I "o.o.ro,no ..o R,s. R."O I Ste.o.
1 57 9 17E-03 SS42 2 3 SS~2
1 65 a 9 41E*04 SS65A 0 2 SS65E’
1 BRAC 2 57Eo04 SSSA 0 3 E(IO 2)
1 66 2 03E-04 SS66E 0 0 SS66E
2 RRAC b 2.50E-04 B(3 5) 0 02 N(3 5)
2 51 1 71E-04 SS14 005 SS51B

2 59 c 1.33E-04 SS37 0 06 SS50
2 52 1 24E-O4 S$52B 0 2 SS5ZA
2 92 3 59E-06 TEC92A 0 0000008 TEC92B
2 69 0 00E+00 d 0 d
3 BRAC b S 46E-04 B(26 2) 0 1 R(35 2)
3 34 ¯ 1,40E-04 SS34G 0 6 SS39

3 27 1 23E-C,4 SS27F 2 4 SS27T

3 32 1 09E-04 SB32A 2 4 SS16
3 89 6 tEE-05 SS89H 0 1 SS89J

3 82 5 66E-05 SS82C 0 05 SB82A
3 33 5 57E-05 SS33K 0 5 SS33K

3 31 4 80E-05 SB31A 0 2 SS31A
3 84 8 46E-07 SSB4B 0 02 SB84A

3 87 0 COE+O0 d O d
3 93 000E+O0 d 0 003 TEC93A

4 BRAC b 1.92E-04 SS14A 03 E(31 1)

4 46 1 70E-04 SS46E 0 d
4 36 c 1 32E-04 SS52B 3 5 SS5
4 79 1 07E-04 SS79A 0 08 SS79A

4 54 9 69E-05 SBS4B 0 07 SB54E
4 70 8 29 E-05 SS23 0 4 SS23
4 43 8 13E-05 SS43B O 01 SS43F

4 35 7 67E-05 SS4 1 I SS35C
4 80 7 33E-05 SS24 0 07 SB80B
4 72 6 77E-05 SS72A 0 08 SS41

4 28 5 01 E-05 SS28A 0 1 SS28A
4 56 4 77E-05 SS56B 3 1 SS56B

4 42 3 9(iE*05 SS42A 0 005 SS42F
4 84 3 89E-05 SS84C 0 05 SS84C

4 83 1 92E-05 SS20 3 4 SS20
4 55 9 07E-C6 SB55A 0 d

4 34 2 67E-C6 SS34E 0 009 ES34E

4 74 8 13E-08 SB74C 0 008 SB74C
4 57 0 00E+00 d 0 0000002 SB57B

4 81 0 00E+00 d 0 d

B 77 3 81E-04 SS77C 0 2 SS77B

5 BRAC 2 25E-04 A(20 6) 0 1 A(20 6)

5 75 6 74E-05 SS75D 0 005 SS75F

5 91 4 34 E-05 TEC91A O 01 TEC91A

5 76 7 25E-06 SB76A 0 04 SE76B

6 BRAC f 1 38E-04 A(27} 00000004 SSIA

S 66 e 9 62E-05 SS66A 0 05 SSSSA

6 67 5 85E-05 SS67A 0 04 SS67A

6 48 4 38 E-06 SS48E 0 0000007 SS48D

6 58 3 10E-C6 SB58A 0 002 SB58A

6 68 0 00E+O0 d 0 002 SB68C

6 69 000E+O0 d 0 d

Note

a = Site 65 and station SSB5A selected over sites with maximum nsk, because maxlumum ask was due to hlatonc Law data
) = Residential carcrnogen~c risk estimates are on these maximum PRE ratio samples from BRAC samples
; = Induat nat surrogate site selected over site vath maxlmurn nsk due to greater nurnbet of COPCs & higher nsk due to Oleldnn
J =Concent ration is below Background, therefore no nsk cat aJlat~ons are necessary

= Inrfuatnat surrogate Site selected over RRAC site

it = Residential cammo~enlc risk estimates not from BRAC sarnple because It has been excavated

313
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TABLE E-2

Summa~ of Carcmogentc Prelimtnary R~sk Eva]uabon for Surface $c~ls
MempNs Depot Main Installation RI I

Functional
Unit Site

57 Max
65 Max
BRAC Max
66 Max
BRAG Max
51 Max
59 Max
52 Max
92 Max
69 Max
BRAC Max
34 Max
27 Max
32 Max
89 Max
82 Max
33 Max
31 Max
84 Max
87 Max
93 Max
BRAC Max
46 Max

36 Max
79 Max
54 Max
70 Max
43 Max
35 Max
80 Max
72 Max
28 Max
56 Max
42 Max
84 Max
83 Max
55 Max
34 Max
74 Max
57 Max
81 Max
77 Max
BRAC Max
75 Max
91 Max
76 Max
BRAC Max

66 Max
67 Max
48 Max
58 Max
68 Max

69 Max

I Residential PRE Industrial PRE Residential PRE Industrial PRE

CarcinogentCRatto Risk CarclnogentCRatio Risk Carcinogenic. All ResultsRisk Ratio Carcinogenic. All ResultsRiSk Rati~

9.17E’-03 1.02E-03 9.20E-03 1.03E-03
9 41E:04 1 05E-04 9 41E*04 1 05E-04
2 57E-04 2 88E-05 2 57E-04 2 88E-05
2 03E-04 2 28E°05 2 03E*04 2 28E-05
2.50E-04 2.78E-05 2.50E-04 2.78E-05
1.71 E-g4 1,92E-05 1.82E-04 2.05E-05
1 33E-04 1 50E-O5 1 48E°04 1 66E-05
1 24E-’04 1 41E°05 1 28E-04 1 45E-0
3 59E*06 4 25E-07 5 01E-05 5 69E-0
O 00E+I00 0 00E+00 3 25E-05 3 68E-0
5 46E~04 6.10E-05 5 47E-04 6.11E-05
1,40E-04 1.56E-05 1,4BE-B4 1.56E-05
1 23E,04 1 38E-05 1 57E-04 1 76E-05
1 09E-04 2 16E-05 1 13E-04 2 16E-05
6 18E-05 8 76E-06 6 18E-05 8 76E-BE
5 66E-05 6 45E-06 5 80E-B5 6 59E-0e
5 57E-05 7 62E-06 5 66E-05 7 72E-0E
4 80E-05 5 47E°06 4 80E-05 5 47E-0E
8 46E-07 1 47E°07 4 70E-05 5 32E-0E
0 00E+00 O 00E+OO 000E+00 O 00E+OC
0 00E-~00 0 O0E+00 2 68E-05 3 04E-0E
t .92E-04 2.17E-05 1.92E-04 2.17E-05
t 7BE-B4 1.93E-05 1.70E-04 1 93E-05
1 32E-04 1 65E-05 1 79E-04 2 17E-05
1 07E-~04 1 29E-05 1 11E-04 1 33E-05
9 69E-05 1 11E-05 1 01E-04 1 16E-05
8 29E-05 9 41 E-O6 8 41 E-05 9 55E°0E
8 13E-05 9 20E-06 8 13E-05 9 20E-OE
7 67E*05 8 68E-06 7 84E-05 8 89E°0E
7 33E-05 8 35E-06 7 43E-05 8 47E-0E
6 77EJ05 7 73E-06 6 98E-05 7 96E-0E
5 01 ET05 5 70E-06 5 01 E-05 5 70E-0E
4 77E-05 5 62E-06 4 80E-O5 5 65E-0E/
3 96E-’05 4 49E°06 3 96E-05 4 49E-OE
3 89E-05 4 37E-06 7 56E-05 8 53E-0E
1 92E-05 7 68E-06 5 45E-05 1 17E-05/
9 07E!06 t 03E-06 3 04E-05 3 45E-0E
2 67E*’06 5 43E-07 3 73E-05 4 44E-0E
8 13E’;08 3 25E-08 3 40E-B5 3 87E-0E
0 O0 E+,00 0 00E+O0 2 36E-05 2 68E-0E
O.OOE+00 0 00E+O0 2 46E-05 2 79E-0E
3.81 E~04 4 26E-05 4.08E-04 4.56E-0~

2 25E;04 2 52E-05 2 56E-04 2 86E-0~
6 74E-05 7 63E-06 6 92E-05 7 85E°0E
4 34E:05 4 84E-06 5 82E-05 6 51 E-BE
7 25Eo06 8 06E-07 3 52E-05 3 98E-0E
1.38E-04 1.53E-05 1.38E-04 1.53E-0~
9.62E-05 1.08E-05 1 05E-04 1.17E-0.¢

5 85E-05 6 64E-06 5 99E-05 6 79E-0E
4 38E-06 4 83E-07 4 74E-05 5 42E-0E
3 10E-06 3 75E-07 4 32E-05 4 91 E°0E
0 00E+O0 0 00E+00 2 39E-05 2 70E-0E
0 00E+00 0 0OE+OO 000E+00 0 O0E+0C

ATU 147543/APP ENDICES//~Op FJApp E Jds/Carcmogen¢ Max PRE E-4
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APPENDIX F

Relative Exposure Comparisons for Potential
Worker Scenarios

This appendix includes a comparison of the ingestion exposures for all workers and exhibits

the level of protection that maintenance workers/utility workers/industrial workers offer.
These comparisons are included to document the relative exposures that justify not
quantifying some of the lower exposure pathways. The higher exposure populatmns are

assumed to cover for the lower exposure populations.

The following is included in this appendix:

Table F-I-Relative Exposure Comparisons for Potential Workers

In accordance with Section 4.7.1.4 of the Statement of Work, the following persons
performed and checked calculations contained in this appendix:

Full Name Title

ATU147543/APPENDICWSISIGNATURE-APPENDIXPGS DOC F-1
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TABLE I=-1
Relatrce Exposure Comparisons for Potenbal Workers

Memphis Depot Main Installabon RI

488

Exposure Scenario Specific Parameters for Potential Workers

Intake Eshmat=on formulas:

Cs * IR * FI * EF * ED * CF
intake = ..............................

BW * AT

Exposure Scenarios

Landscape Worker

Cs = concentration in soil (mg/kg)
IR = Soll ingest=on rate (rng/day)
FI = Fraction ingested from contaminated area (umtless)
ET = Exposure Time (hours/8 hr workday)
EF = Exposure frequency (days/yr)
ED = Exposure duration (years)
CF= Convers=on factor (kg/m9)
BW = Body we=ght (kg)

AT = Averaging bme(days/yr, x years)
Intake =
RATIO for compadson to Industdal Worker
RATIO for compedson to Maintenance Worker

Factory/Lumberyard/Office Worker/etc.
Cs = concentratton in soil (mg/kg)
IR = Sod ingestion rate (rag/day)
FI = Fraction ingested from contaminated area (urstless)
ET = Exposure Time (hours/9 hr workday)
EF = Exposure frequency (days/yr.)

ED = Exposure duration (years)
CF= Conversion factor (kg/mg)

BW = Body weight (kg)
AT = Averaging time(days/yr, x years)
Intake =
RATIO for ¢ompedson to Industdal Worker
RATIO for comparison to Maintenance Worker

Maintenance Worker
Cs = concentration vn soil (mg/kg)
IR = Soil mgeshon rate (rag/day)
FI = Fract=on mgested from contaminated area (unitless)
ET = Exposure Ttme (hours/8 hr workday)
EF = Exposure frequency (days~r,)

ED = Exposure duration (years)
CF= Convers=on factor (kg/mg)
BW = Body we=ght (kg)

AT = Averaging time(days/yr x years)
Intake =
RATIO for compedson to Industrial Worker

Utility Worker (new pipeline installer)
Cs = concentration m soil (mg/kg)
IR = SoJI ingestion rate (rag/day)
FI = Fract=on ingested from contaminated area (umtless)

Carcfno!~enic Noncercino~leni¢

1 1
200 200

1 1
8 8

250 250
1 1

0 000001 0 000001
70 70

25550 365
2.80E-08 0.000002

0.16 4
1.6 4O

12 MONTHS/YEAR

1 1
50 50

05 05
1 1

50 50
25 25

0 000001 0.000001
70 70

25550 9125
2.18E-09 6.000000006

0.01 0.01

0.1 0.1
partial days 12 MONTHS/YEAR

1 1
50 50
05 05

8 8
50 50
25 25

0 000001 0.000001

70 70
25550 9125

1.75E-08 0.00000005

0.1 6.1
once a weeldS0weeks of year

1 1
100 100
05 05
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TABLE F-t

Relatrve Exposure Compansons for Poten~al Workers

Memphis Depot Ma~n Instal/atJon R/

Exposure Scenario Specific Parameters for Pbtential Workers
Intake Est=matEon formulas

Cs * IR * FI * EF * ED * CF
Intake ..................................

BW * AT

Exposure Scenarios

ET = Exposure T=me (hours/8 hr workday)

EF = Exposure frequency (days/yr)
ED = Exposure durabon (years)
CF= ConversEon factor (kg/mg)
BW = Body we=ght (kg)

AT = Averaging tlme(days/yr x years) 
Intake =
RATIO for comparison to Industrial Worker
RATIO for comparison to Utility Worker {routine)

Utility Worker (routine maintainer)

Cs = concentration in soil (mg/kg)
IR = Sod ingestion rate (rag/day)

FI = Fraction ingested from contaminated area (umtless)
ET = Exposure Time (hours/5 hr workday)

l

EF = Exposure frequency (days/yr)
ED = Exposure duration (years)
CF= Conversion factor (kg/mg)
BW = Body weight (kg)
AT = Averaging hme(days/yr x years)
Intake =
RATIO for comparison to Industrial Worker

Industrial Worker (from PRE report)

Cs = concentration in soil (mg/kg)
IR = So=l ingest=on rate (rag/day)
FI = Fracbon ingested from contaminated area (umtless)
ET = Exposure T=me (hours/8 hr workday)

EF = Exposure frequency (days/yr)
ED = Exposure duration (years)
CF= Convers=on factor (kg/mg)

BW = Body we=ght (kg)
AT = Averag=ng t=me(days/yr, x years)
Intake =

Carcinogenic Noncarcino~lenic

8 8
60 60

1 1
0 000001 0 000001

70 70
25550 365

1.68E-09 0.0000001
0.01 0.2
0.1 2.5

3 MONTHS/YEAR

1 1
100 100

0 50 0 50
8 8

24 24
25 25

0 000001 0 000001
70 70

25550 9125
1.68E-08 0.00000005

0.1 0.1
once a month/12 months a year

1 1
50 50
1 1
8 8

250 250
25 25

0 000001 0.000001
70 70

25550 9125
1.75E-07 0.0000005

Every wor~n~ day per year
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APPENDIX G

Supporting Information for Exposure Factors
Development

488 330

The following are included in this appendix:

¯ Table G-I-Exposure Factors for Soft

¯ Table G-2-Exposure Factors for Sediment and Surface Water

¯ Table G-3-Exposure Factors for Groundwater

¯ Table G-4-Surface Areas per Receptor

¯ Table G-5--Chemical-specific Dermal Permeability Factors

¯ Table G-6-Soil Loading Information

¯ Table G-7-Soil Loading Information: Calculation of UCL 90 for Soft Loading of Body
Parts

¯ Table G-8-Sofl Loading Information: Calculation of Adherence Factors for Child
Receptors

¯ Table G-9-Soil Loading Information: Calculation of Adherence Factors for Adult
Receptors

In accordance with Section 4.7.1.4 of the Statement of Work, the following persons
performed and checked calculations contained in this appendix:

Full Name Title

%,,~’~’. ~,,’~’~’~- 2-
Date

Ol(IO/~
11to I~-~-~

ATU147543’APPENDICWS/SIGNATURE-APPENDIXPGS DOC G-1
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TABLE G4
Sur~ce Areas per ReCeptc¢
Memphls Depot Man InslNlat1~ RI

Surface Area Ca]culaUons for Adult Receptors
Surface Area for ResldenUal Adults for soil exposure

1/2 Head Hands Arms i Forearms Lowerlegs
602 5 903 5 1905 1172 5 2370

Legs Feet
5930 N/A ~ 1/2 head,hands,forearms,

& lower legs
Surface Area for Adults Workers for soil A water exposure

1/2 Head Hands Arms I Forearms Lower ~egs Legs Feel
6099 9039 1805 11725 N/A HA NJA F"26"7711/2 head, hands & forearms

Surface Area for Recreatlonof Adurts for sedtment {wading) exposure
1/2 Head Hands Arms Forearms Lower legs Legs

NJA 903 9 1805 1172 5 2370 5930

Forearms = 45% whole Arms if not sv~ulaMe
Lowe~ legs = 40=/0 eofJre Leg if not available

Feet
1229 ~ hands, foream~s,

lower legs & feet

All values are averages of 50th percentile Ma~e-Fem~e Adults from EPA, Exposure Factors HandbOOk, 1997 (Tables 6 2 & 6 3)

Mean TofaJ Body Surface Area (TBSA) for male/female adults 
TBSA is central [er~ency value for Male-Female Adutts from EPA, ExPosure Factors HandbOok, 1997 (Table 6 14)

Surface Area Ca]culsUons for Child Receptors
Total Body Surface Area for Male-Female Childretl
50th geroentJla Male Female
0>I 6030 9790
1>2 6030 5790
9>3 6030, 5790
3>4 6640 6490
4>5 7310 7060
5>6 7930 7790 Mean TBSA for Chdd
NI values are averages of 50tn percenble Ma~e-Fema~e Chtldren from EPA, Exposure Factors HandboOk, 1997 (Tables 6 6 & 6 7)

Percent of Total Body Surface Area for Male-Female Children by Body Part
Age
0>1
1>2
2>3
3>4
4>5
5>6
Mean %

1/2 Head Hands Feet Forearms Lower legs
182 53 654 137 206
165 568 627 13 231
142 53 797 118 232
136 607 721 144 268
139 57 729 14 279

,, 0 , o
;01 -i .

500 368 451 395 6 rcentage of TBSA for Chdd

Calculated Surface Area for Child for sediment (wading) exposure 28 %
368 451 395 637 ~ Percentage of TBSA for Chdd (eadexposure)i

For companson I Arms (entire) Legs (entire)

I Mean % 13 24
877 1593

All values are mean vatues of Percentage of TBSA by body part for Male-Female Chddren (tom EPA, Exposure Factors Handbook, 1997 (Table 6 
Forearms = 45% whole An~s if noI available
Lower legs = 40% entire Leg d not avad~ie

(Surfa~ =~= for You~ re~.ptorl on n,xt page)



Surface Area Calculations for Youth Receptors

Total Body Surface Ai~a for Male-Female Yours
50th perolmtlll Male Fernalo
6>7 8660 B430
7>B 9360 9170
B>g 10000 to£O0
9>10 10700 t0600

tG>11 11800 H7CO
11>12 12300 13000
12>13 13400 14000

13>14 14700 14800
14>tS 16100 15.~00
15>16 17000 15700

16>17 17600 16000
17>18 18000 16300

M~n TBSA f¢¢ youth

All values are averages of 50th percentile Male Female Chlldten from EPA, E~posum Facio~s Handbook. 1097 (Tables 6 6 & 6 7)

Percent of Total aocly Surface Ar(m for Mile-Flirt ale Youl~l by Body Part

Age Hnd Arms Hand= Leg= Feet
6>7 13 1 13 1 4 71 27 t 6 9
0>10 12 123 53 287 758
12>13 8 74 34 7 5 39 30 5 7 03
13>14 9 97 32 7 5 11 32 8 02
16>17 7 96 32 7 5 68 33 6 6 93
17>tB 7 58 31 7 5 t3 30 8 7 28

Mean % 10 26 5 30 7

%TBSA 1298 3437 685 3994 956
All vakses are mean values ol Percentage of TBSA by body pad ~or Male-Female Ch=ldren ;tom EPA Exposure Factors Handbook. 1997 (Tatde 6 8)

Calculated Surfa~ Area for Youth |or io41 ex~Dcmur j

lt2 Hind Forearms Ha,d. LOW,r I~s Fret ~%
m

640 1547 685 1598 i~A I ~TB I~centage of TBSA for Youth (==oil)
1/2 haad. hands. Iorearma & Lowar legs

Calculated Surface Area for Youth f¢~ iidlme~t {w~dlr~g) expo=url

I/2 Head Forearms Hand, Lower legs F~t ~%
WA 1547 685 1598 956 I 4785 IPercenta ge of TBS A for Youth (lid)

hands forearms lower le~B & feet
Forearms = 45% whole Arms i~ nol available

LOWer le~s = 40=~ anctra Lag ~ Pot available

P%14754~*~0G JdS~SA C--7
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DIrmalAblorptlon Perrt~l~ll~ Consent

ChemlcalNlme ABS PC

t,12 2*Teuacldoroe~,ane 1%
2,4 -Dimethylphenof t%

2,3,7,8-TCOD 3%

44~te~pNDnOI t%

.~¢~ n~hthene t%

a~ha~:hlo~ne 4%

¯ lum~um 0 1%

Anbr~ny 0 1%

~1or-1260 6%

~n¢ 3%

~num 0 1%

Benzene 1%

~o(a)anlhnLeena 10%

~r~o(a~ene 13%

~ryll~um 0 1%

beti.BHC IC~g.

Cadr~um 1%

Carb~ole 1~%

Carbon ~.ach~ 1%

Chlo~nzer~ t%
Chl~me~han,e I%

Chlomme~har~ ~%

Chmm~Jm ~tal 0 I%

Chine 10%
~ab~R 0 1%
copp~ ow.
ODD 10%

ODE 10%

ODT 10"/o

D~r omoch~o~ornelha ne 1%

Dlbenz(a h)anthracene 10%

Dmld~n n 10%

Ruoran~ene I%
R~rene 1%

gamma.ChtOr~ane 4%

Indano( 1,2,3~cd)pyrene 10%

Lead 0 1N

Mang~ln~s8 0 1%

M~r~y 0 1%

MeThylene chlonde 1%

Naphthalene 1%

Nckel 01%
Pent~chlon~phenol 24%

petroleum Hydrocarbons 1%

Phenanthrene 1%

I~/rene t%

S~Ner 0 1%

Tet~achlomethene 1%
Thag.Jm 0 1"/*

Total 1 2-Dchlo~e~ene 1%
Tnchlome~ene 1%

Vanadium 01%

Xylenes (total) 1%

~1~. 01%

EPA Reg 4 lg95
EPA Reg4 1~5

EPA Reg 3 1~95

EPA Reg 4 t 995

EPA Reg 4 t995

E~ Reg 4 1995
Wester 1~,2

EPA Reg 4 1995

EPA ~ 4 I gg5

EPA 1 g~2

Wes~r 1 ~

EPA Re 4 1995

EPAI~ 41;95

EPARe 31~

EPA Re 3 I~

EPARe 31995

EPARe 3t~5

EPARe 41~S

E~Re 31~95

EPARe 41995

EPARe 31995

EPA Re 4 1995
EPA Re , 4 1 g95

EPA Re 14 1 ~95

EPA Re 14 1995
EPA Re 14 lg95

EPA Re ~ 1 ggs

EPA Re 1 lgg5

~ARe 11~5

EPARe ~ 1 ~o’5

EPARe ~1~5

EPAR~ ~1995

EPARe |199~

EPA R~ 31995

Ryar~ %987

EPA Reg 4 1 g95

EPA R~ 4 1995

Wes~f 1992

EPA R~ 3 1995

E~ Reg 4 1995

~,~A Reg 4 199S

EPA Reg 4 1 ~S

E~ Reg 4 t ~S

EPA Reg 4 1995

EPA Reg 4 1995
Wesler 1 ~

EPA Fleg 4 lg95

EPA Reg 4 199~

EPA Reg4 1995

EPA Reg4 1995

EPA Reg4 1995

EPA Reg 4 I g95
EPA Reg4 lg~S

EPA Reg 4 1995

EPA Reg 41 ~S

EPA Reg 4 t995

EPA Reg 4 199S

EPA Reg 4 1995

9 0E~ EPA t 992

5E-02 EPA I g92

I 4E+00 EPA lgg2

I 6E~4 EPA 1992

1 0E~2 EPA lgg2

1 6E4~ EPA 1992

5 2 E.I~2 EPA 1992

1 6E.tN EPA 1~

1 6E~.4 EPA 1~

1 6E~ EPA 1992

I 6E~4 E~ 1992

1 6E4~ EPA 1992

2 1E-O2 EPA 1992

8 1E-01 EPA 1992

1 2E~ EPA 1992

1 2E*~ EPA t~92

1 6E.O4 EPA lg9~
1 6E~4 EPA 1992

1 6E.t~I EPA lgg2

10E-~ EpA 1 ~2

1 6E-t~ EPA l g~2

2 2E-ff~ EPA 19~,2

a 1E~2 EPA t 992

8 0E-t~ EPA 19ge~

4 2E~ EPA 1992

1 0E.t~ EPA 1992

8 1E-~I EPA 199’2
4 0E-04 EpA 1992

1 6E~4 EPA 1992

2 8E~I EPA 199’2

2 4E~t EPA lgg2

4 3E.OI EPA 1992

3 ~E-~ EPA 1 g~2

2 7E~ EPA 1992

~ 6E~2 EPA lgg2

3 6E~1 EPA 1g~2

I 6E-~ EPA 199’2

5 2E-~2 EPA I g~

1 9E~00 EPA 19~2

4 0E~ EPA 1992

1 6E~4 EPA 1992

1 0E~ EPA 1992

4 5E~3 EPA t 9~e~
6 gE-~ ~A I g~2

1 0E4~ ~A 1992

6 5E-01 EPA 1992

1 6E41,4 EPA 1 ~

2 3E~1 EPA 1992

1 6E-04 E~ 1~,92

t 6E~4 EPA 1992

6 0E~ EPA 1~

4 SEre2 EPA tg~Q

1 6E~4 EPA t~

1 0E.I~ EPA t 992
1 6E~ EPA 1992

1 6 E-O,4 EPA t992

8 0E~ EPA 19geg °

60E~ EPA 1992

Reference=

EPA Reg 3 1995

EPA Reg 4 1 g95

Ryan 1987

EPA19g~

Wester1992

Wester1993

EPA Reg~)n III Technmal GUK~,P¢ e Manual R~Sk AC~Sessment Acse~smg Dermal Exposure from Sog Augusl 1995
EPA Regmn IV Supplemental Gu*dar~:e to RAGS Novembe119gs

Ry=r= E A E T Haw~,ns et al 1987 Assecs~g Risk from Dermal FJ~osure at Hazardous Waste Slta~ i_n

Bennett G and J Benne~ eds Supedund 87 procee~ngs ol ~le Eighth NarWhal Conference, November 16-18,

Wash~gton 0 C The P, aza rdous Matena~ Con~ol Reseamh Insbtute pp 166-168

EPA Dermal ER)osure Assessment. Prcc=p~es and Appl~:abons Interim January 1992

(Default PC for water (I 6e*~) appled ~l rn~s~ ng from reference)

Wester, RC,HI Malbach, L Sed~k,,~ Melendres CL ~o,S D[Z© ~992 Percutanso~s absorpbon of

[14C] chlordane from sod Joumal of Tox~ologmal and Env~onmental HealS, Vol 35, pp 269-277

Wester R C H [ Malbach el al 19g3 In VNO and In vitro percutaneous absorpbon and skJn decontamlna~n

o~ arsenm from water and ~1 Fundamental and Appbed Toxcology, Vol 20 No 3, pp 336-340

¯ = Value lot m-Xylene used lot (total) Xylenes

p/1 ~75a3,~pG ]ds,J~&pc G~B



TABLE G-6
Sod Loading Information
Memphis Depot Mare Installation R/
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APost-Activity Dermal Soil Loadings (mg/cm2)

Activity N Hands Arms

Geo. Mean std dev Geo, Mean
Legs Faces Feet

stddev Geo Mean stddev Geo Mean stddev Geo Mean stddev
Indoor:
Tee Kwon Do 7 0.0063 1 9 0 0019 4 1 0 002 2 0 0022 2 1
Greenhouse Workers 2 0 043 0 0064 0 0015 0 005
Indoor Ktds No 1 4 0.0073 1 9 0 0042 1 9 0 0041 2.3 0 012 1 4
Indoor Ktds NO 2 6 0.014 1.5 0 0041 2 0 0031 1 5 0 0091 1.7
Daycare Kids No I a 6 0 11 1 9 0 026 1 9 0.03 1.7 0 079 2 4
Daycare Kids No.lb 6 0 15 2.1 0 031 1.8 0 023 1 2 0 13 1 4
Daycare K~ds No 2 5 0073 1 6 0023 1.4 0.011 1.4 0044 1.3
Daycare Kids No.3 4 0 036 1 3 0 012 1.2 0 014 3 0.0053 5 1

Outdoor:
Soccer No I 8 011 18 0011 2 0031 38 0012 15
Soccer No 2 8 0 035 3 9 0 0043 2 2 0,014 5.3 0 016 1 5
Soccer No 3 7 0019 1 5 00029 22 00081 1 6 0012 1.6
Groundskeepers No 1 2 0.15 0.005 0 0021 O 018
Groundskeepers No 2 5 0 098 2 1 0 0021 2 6 0 001 1 5 0 01 2
Groundskeepers No 3 7 0 03 2 3 O 0022 1 9 0 0009 1 8 0 0044 2 6 0 004 2.6
Groundskeepers No 4 7 0 045 1 9 0 014 1 8 0 0008 1 9 0 0026 1 6 0 018 1.5
Groundskeepers No 5 8 0 032 1 7 0 022 2 8 0 001 1 4 0 0039 2 1
Landscape/Rookery 4 0 072 2 1 0 03 2.1 0 0057 1.9
Irrigation Installers 6 0 19 1 6 0 018 3 2 0 0054 1 8 0.0063 1 3
Gardeners No 1 8 0.2 1 9 0 05 2.1 0.072 1.4 0 058 1 6 0 17 1 6
Gardeners No 2 7 0 18 3 4 0.054 2.9 0 022 2 0 047 1 6 0 26 1.6
Rugby No 1 8 04 1 7 0 27 1 6 0 36 1 7 0 059 2 7
Rugby No 2 8 0 14 1 4 0 11 1.6 0.15 1 6 0 046 1 4
Rugby No 3 7 0049 1 7 0031 1.3 0057 1 2 002 1 5
Archeologists 7 0 14 1 3 0 041 1 9 0 028 4.1 0 05 1 8 0 24 1.4
Construction Workers 8 0 24 1 5 0 098 1.5 0 066 1 4 0 029 1 6
Uhhty Workers No 1 5 0 32 1 7 0.2 2.7 0 1 1.5
UtJhty Workers No 2 6 0 27 2 1 0 3 1 8 0 1 1 5
Equipment Operators No 1 4 0 26 2 5 0 089 1 6 0 1 1 4
Equipment Operators No.2 4 0 32 1 6 0 27 1 4 0 223 1 7
Farmers No 1 4 041 16 0059 32 00058 27 0.018 14
Farmers No 2 6 O 47 1 4 0.13 2 2 0 037 3.9 0 041 3
Reed Gatherers 4 0 66 1 8 0 036 2 1 0 16 9 2 0 63 7 1
Ktds-m-mud No 1 6 35 2 3 11 6 1 36 2 24 3.6
Ktds-in-mud No.2 6 58 2 3 11 3 8 9 5 2 3 6.7 12.4

= subshtuted reformat/on
N = Number of subjects
Sources

K/ssel et al , 1996b, Holmes et al , 1996 (submitted for pubhcatlon) adapted from EPA, Exposure Factors Handbook, 1997 (Table 6 

P \147543VkppG xls~SL selup G 9
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APPENDIX H

UCL 95% Calculation Methodology

488 344

A detailed UCL 95% methodology is provided for the development of current EPC values.
The following are included in this appendix:

¯ Table H-l-Data Summaries for alt Detected Chemicals for all Functional Units and
Surrogate Sites

¯ H2-RADB Statistics

In accordance with Section 4.7.1.4 of the Statement of Work, the followmg persons
performed and checked calculations contained in Appendix H2:

Full Name Title

~’,-. ~:~-~,g+ 9-
Date

~I l ,o l oo

ATU147543 APPENDICWSF31GNATURE APPENDIXPG5 DOC H-1
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1 APPENDIX H2

2 RADB Statistics

488
C,

382

3
4
5
6
7
8

9
10
11
12
13
14

15

16
17

This section describes the statistics used in the RADB toolset. The exposure point
concentration (EPC) is calculated in the RADB toolset. The EPC is defined as the highest
exposure that is reasonably expected to occur at a site (EPA, 1989). The EPC is used 
calculate the potential risk posed by a site and is calculated using EPA guidance for
stahstical analysis of groundwater monitoring data (EPA, 1989 and EPA, 1992a), where
appropriate.

The specific statistical methodology used to evaluate the EPC is described below. Section 1.1
describes the methodology for small data sets (data sets with less than ten analytical
results). Section 1.2 describes the basic tests and equations used to select the statistical
protocol. Section 1.3 describes the specific statistical tests used to evaluate the normality of
the data set, thereby selecting the appropriate equations for calculating the EPC. Section 1.4
presents the references that serve as the basis of the statistical protocol.

1.1 EPC for Data Sets with Less than 10 Analytical Results
For data sets consisting of nine or less valid analytical results, the maximum detected
concentration is used as the EPC.

18

19
20

21
22
23

1.2 EPC for Data Sets with 10 or More Analytical Results
For data sets with ten or more analytical results, the methodology used for calculating the
EPC is descnbed below.

There are two different ways to calculate the EPC in the RADB toolset, using a frequency of
non-detect analysis or a simple EPC calculation. The methodology for the simple EPC
calculation used for the Depot is presented graphically m Figure 1-1.

24 1.2.1 Calculation of 95% Upper Confidence Limit (UCLgs)
25 If the data set was distributed normally, the 95 percent UCL was calculated using the
26 following formula (EPA, 1992a):

27 UCL = x + t

28 Where:

29 UCL =

30 x =

(1)

upper confidence limit

mean of the untransformed data

ATLI4754:YAPPENDICES/APP WDDMT_EPC DOC H-39
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Assemble
Environmental Data for

Statistical Anatysls

No

Test for normality of
transformed and

untransformed data with
Shaplro-Wllk test (~ 50

samples, see Figure 1-3) and
D’Agostmo test (>50 samples;

see Figure 1-4)

Calculate parametnc
UCL9s

~Parametnc UCLg5~

1

2

FIGURE 1-1
Overview of Statistical Protocol
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26
27
28

29
3O
31
32

33
34
35

488
f

t -- Student-t statistic (e.g., from Table A2 published in Gilbert, 1987)-~--

s = standard deviation of the untransformed data -,~
4"

n = number of samples

If the data set was distributed lognormally, the 95 percent UCL was calculated using the
following formula (EPA, 1992a):

UCL = e(;÷° 5s2 +s"/’r~) (2)
Where:

UCL = upper confidence limit

e = constant (base of the natural log, equal to 2.718)

= mean of the log-transformed data

s = standard deviation of the log-transformed data

H = H-statistic (Table A12 in Gilbert, 1987)

n = number of samples

If the Shapiro-Wilk test indicated that the data for data sets between 9 and 50 samples
follow both normal and lognormal distributions, the distribution with the largest W-test
statistic was selected, and the 95 percent UCL was calculated using either Equation I or
Equation 2, as appropriate.

If the D’Agostino test indicated that the data of sets with more than 50 samples fit both
normal and lognormal distributions, the assumption was that the data was distributed
lognormally and the 95 percent UCL was calculated using log-transformed data and
Equahon 2. This assumphon was based on Gilbert’s Statistical Methods for Environmental
Pollution Monitoring (1987) and the Resource Conservation and Recovery Act (RCRA)
guidance for statistical analysis of data (EPA, 1989). These references state that, in general,
environmental data most closely follow a lognormal distribution. The RCRA guidance
explains that pollutant sources are randomly and repeatedly diluted by mixing in the
environmental media, which leads mathematically to a lognormal distribution of
concentrations. Therefore, the lognormal distribution is usually more appropriate as a
default statistical model than the normal distribution.

If either test (Shaplro-Wilk or D’Agostino) indicated that the data set did not fit either the
normal or lognormal distributions, a nonparametric confidence interval was calculated
according the methodology in the RCRA guidance (EPA, 1989) described in Section 1.3.3
below.

All calculated 95 percent UCLs were compared to the maximum detected concentration,
and if the 95 percent UCL was greater than the maximum detected concentration, then the
maximum detected concentration was used as the EPC.

384
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1 1.3 Statistical Tests for Calculating Sample Set Normality
2 The statistical tests used to evaluate the normality of the sample set are described below.
3 The normality of the sample set was used for selecting the most representative equation for
4 calculating the EPC.

5 1.3.1 Shapiro-Wilk Test (10 to 50 Analytical Results)

6 The Shapiro-Wilk test (W-test) was used for data sets with 4 to 50 analytical results. The
7 W-test is based on the assumption that if a set of data (or the natural log values of a data
8 set) is normally distributed, the ordered values should be highly correlated with
9 corresponding quantiles taken from a normal distribution. The W-test gives substantial

10 weight to evidence of non-normality in the tails of the distribution, where the robustness of
11 statistical tests based on the normality assumption is most severely affected (EPA, 1992b).

12 The methodology used to calculate the EPC based on the W-test is presented graphically in
13 Figure 1-2. The following steps were followed to calculate the W-test statistic:

14 1. Begin with the log transformed data set and order the data from smallest to largest

15 concentration (x(,))and from largest to the smallest concentration(x(,_,.,)); where 

16 the number of observations.

17 2. Compute the differences x(,_,+~) - x0).

18 3. Compute k as the greatest integer less than or equal to n/2, where n is the number of
19 samples and k is used to identify the coefficients for the W-test.

20 4. Look up the coefficient a,_,+~ from Table A-1 in the Statistical Analysis of Groundwater

21 Monitoring Data at RCRA Facilities Addendum to Interim Final Guidance (EPA, 1992b).

22 5 Compute the mean (E) and standard deviation (SD) of the log transformed data set

23 using the following formulas:

24
_ 1 "
X -~--EXr

n r=l
(3)

25 Where:
26
27 n =

28 x, =

29 E =

30 and

total number of observations
i ~" observation

mean of the log transformed data

31 (4)

H42 ATL 147543/APPE N DfC ES/~,PP H/DDMT_EPC DOC
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Where:

SD =

XI

=

standard deviation of the log transformed data
i ’h observation

mean of the log transformed data (from Equation 3)
total number of observations

6. Calculate the W-test statistic using the following equation:

W=I. b 2

and

 =zi.oo .,(x,n,+,, x,,,)
Where:

SD = standard deviation of the log transformed data
n = total number of observations

a_,, 1 = coefficient for the W-test

.

=

488

(5)

(6)

Compare the W-test statistic to the 5 percent critical value for sample size n in Table A-2
of Statistical Analyszs of Groundwater Monitoring Data at RCRA Facilities Addendum to
Interim FmaI Guzdance (EPA, 1992b). If the W-statistic is greater than the critical value,
the data set is considered normally distributed.

The same tests for normality are conducted on the untransformed data using the
methods described above. If both the untransformed data set and log-transformed data
set had W-test statistics greater than the critical value, the distribution with the greater
test statistic was selected for calculating the 95 percent UCL.

If the W-test indicated that the data set deviated from both the normal and lognormal
distributions, a nonparametnc UCI was calculated according to methodology described
in Section 1.3.3.

1.3.2 D’Agostino’s Test (More than 50 Analytical Results)
The D’Agostino test was used to evaluate the normality of the data sets with more than
50 samples. The methodology used to calculate the EPC based on the D’Agostino test is
presented graphically in Figure 1-3. The test uses the following steps (Gilbert, 1987):

1. Order the data from smallest to largest.

2. Compute the D statistic from the following equation:

386
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where

D--

n2s
(7)

(8)

.

and

-- 1 n
X = --ZX~

n t=l

Transform the D statistic to the statistic Y by computing:

(9)

D - 0.28209479

Y -- 0.02998598 / ~
(10)

If n is large and the data are drawn from a normal distribution, then the expected value
of Y is zero. For nonnormal distributions, Y will tend to be either less than or greater
than zero, depending on the particular distribution. This fact necessitates a two-tailed
test.

IfY is less than the ~ (i.e., 0.025) quantile or greater than the 1-~/~2 (i.e., 0.975)

quantile of the distribution of Y (Table A8 in Gilbert, 1987), the untransformed data 
not fit a normal distribution at the 95 percent significance level (or c¢ = 0.05).

If the data do not follow a normal distribution, then the values are transformed by
taking the natural logarithm of each concentration value to check if the data are
distributed lognormally. The same tests for distribution fit were conducted on the log-
transformed data using the methods described above. If the test indicated the
untransformed data set and log transformed data set do not follow a normal
distribution, a nonparametric upper confidence interval is evaluated (Section 1.3.3).

1.4 References
EPA, 1989. Statistical Analysis of Groundwater Momtoring Data at RCRA Facilities - Intemm
Final Guidance. Office of Solid Waste Management Division. PB89-151047. April.

EPA, 1992a. Supplemental Guidance to RAGS: Calculating the Concentratton Term. Office of
Solid Waste and Emergency Response. Publication 9285.7-081. May.
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EPA, 1992b. Statlstzcal Analysis of Groundwater Monitoring Data at RCRA Facilities AddendUm
to Interim Final Gmdance. Office of Solid Waste, Permits and State Programs Division. June.

Gilbert, 1987. R.O. Gilbert. Statzstical Methods for Environmental Pollution Monitoring. Van
Nostrand Reinhold. New York.
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Risk and Hazard Estimations for all FUs and
Surrogate Sites

The following are included in this appendix:

¯ I-l-lhsk estimation methodology tables

¯ I-2-FU1 Soils

¯ I-3-FU2 Softs (Parcel 3 and Site 59, FU2 Sediments; FU2 Surface Water

¯ I-4-FU3 Soils; FU3 Sediments

¯ I-5-FU4 Soils; FU4 Sediments

¯ I-6-FU5 Softs

¯ I-7-FU6 Softs; FU6 Sedrments

¯ I-8-FU7 Groundwater

In accordance with Section 4.7.1.4 of the Statement of Work, the following persons
performed and checked calculations contained m tills appendix:

Full Name Title

r.

Date

oCico/~

I/,~1~o.~ ,

ATUIa7543~APPENDICWS/StGNATURE-APPENDIXPGS DOC I-1
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TABLE 12-1s

FU1 Surface Soll -Hypothetcal Current]Future Maintenance Worker Scenario

Memphis Depot Ma~n Installa~on RI

488 406

Ingestion:
CDI= Cs* IR* FI* EF* I=D* I~F

BW * AT
Cs = Concentration =n sod (mg/kg)
IR = Ingestion Rate (mg/day)
FI = Fract=on Ingested (umtless)
EF = Exposure Frequency (day/year)
ED = Exposure Durat=on (year)
CF = Conversion Factor (kg/mg)
BW = Body We=ght (kg)
AT = Averagtng Time (days)

Dermal:
CDI = Cs*SA*AF*A ....

BW * AT
Cs = Concentratton m sod (mg/kg)
SA = Surface Area (cm2)
AF = Sod-Skin Adherence Factor (mg/cm2)
ABS = Absorption Factor (unttless)
ET = Exposure Time (8 hours per 8 hour workday)
EF = Exposure Frequency (day/year)
ED = Exposure Durahon (year)
CF = Converston Factor (kg/mg)
BW = Body We=ght (kg)
AT = Averaging Time (days)

Carcinooenic Noncarcinooenic

EPC EPC
50 c 50 c

05 05
50 d 50 d
25 a 25 a

1.00E-06 1.00E-06
70 a 70 a

25550 a 9125 a

EPC EPC
2679 e,f 2679 e.f
0 03 e,g O 03 e.g

(Chemical Specific) (Chemical Specific) 
lb lb

50 d 50 d
25 a 25 a

1 00E-06 1 00E-06
70 a 70 a

25550 a 9125 a

Inhalation: for volatt/es"
CDI = Cs * ftl/VFindt+fl/PEFtl * IR * ET * EF * ED

BW * AT
Cs* (1/PEFt* IR * ET* EF* ED

BW * AT
Cs = Concentratton tn sod (mg/kg) EPC EPC
PEF = Part=culate Em=ssion Factor (m3/kg) 1 32E+99 i 1 32E+09 I
VFind = Volatd=zat=on Factor (m3fkg) (Chem=cal Specific) (Chemical Spec=hc) 
IR = Inhalation Rate (m3/day) 29 a 20 a
ET = Exposure Ttme (8 hours per 8 hour workday) 1 b 1 b
EF = Exposure Frequency (day/year) 50 d 50 d
ED = Exposure Duration (year) 25 a 25 a
BW = Body Wmght (kg) 70 a 70 a
AT = Averaging T=me (days) 25550 a 9125 a

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure

Factors" OSWER Directive 9285.6-03. March 25, 1991.
b = Time spent outdoors In the contaminated areas based on the nature of the act=vity, assuming full workday
c = Supplemental Gu=dance to RAGS Region 4 Bulletins, Human Health R=sk Assessment, Intenm, November 1995
d = Maintenance activity assumed to be once a week throughout the year (excluding vacation)
e= U S EPA Exposure Factors Handbook, August 1997
f = Surface area of 1/2 head, forearms and the hands of an adult worker
g = AF calculated for soil adherence can be found =n Appendix G
h = Chem~cal-spectfic absorption factors are found in Appendix G
= Parbculats emission factor (PEF), adapted from U S EPA, Sol1Screemng Guidance Techmcal Background

Document, May 1996
j = Industnal volat=hzat=on factor (VF[nd) adapted from FDEP Brownfields Tabte 4, Chapter 62-777, F A 

December 1998

P/147543/APPI2FU t so=Is xlsFU 1SSMW-lntake 1-13
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488 409

TABLE 12-2a

FU1 Surface $o~1 .Hypothetical Future Industnal Worker Scenarto
Memphis Depot Main Installahon RI

Ingestion:
CDI = * * * * *

Cs =
IR =
FI =
EF =
ED =
CF =
BW =
AT =

BW * AT
Concentratzon in soil (mg/kg)
Ingestion Rate (rag/day)
Fraction Ingested (umtless)
Exposure Frequency (day/year)
Exposure Duration (year)
Conversion Factor (kg/mg)
Body Wezght (kg)
Averaging Trme (days)

Dermal:
CDI = Cs *SA* AF* ABS* ET* EF* ED* CF

BW * AT
Cs = Concentratton in aotl (mg/kg)
SA = Surface Area (cm2)
AF = Sod-Sktn Adherence Factor (mg/cm2)
ABS = Absorption Factor (unttless)
ET = Exposure Time (8 hours per 8 hour workday)

EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Ttme (days)

Inhalation:
CDI= Cs * (I/PEF) * IR * ET* EF* 

Carcinogenic Noncarcinooenic

EPC EPC
50 a 50 a
1 1

250 a 250 s
25 a 25 a

1.00E-06 1 00E-06
70 a 70 a

25550 a 9125 a

EPC EPC
2679 c,d 2679 c,d
0 03 c,e 0 03 c,e

(Chem=cal Specific) (Chemical Specific) 
lb lb

250 a 250 a
25 a 25 a

1 00E-06 t .00E-06
70 a 70 a

25550 a 9125 a

for volahles
Cs * (f1NFind~+f1/PEF~ * IR * ET* EF * ED

BW * ATBW * AT
Cs = Concentration in soil (mg]kg) EPC EPC
PEF = Parttculate Em=ssion Factor (m3/kg) 1 32E+09 g 1 32E+09 g
VFind = Volatdlzatton Factor (m3/kg) (Chemical Specific) (Chemical Specific) 
IR = tnhatat=on Rate (m3/day) 29 a 20 a
ET = Exposure Time (8 hours per 8 hour workday) 1 b 1 b
EF = Exposure Frequency (day/year) 250 a 250 a
ED = Exposure Duration (year) 25 a 25 a
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Ttme (days) 25550 a 9125 a

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance’ "Standard Default Exposure

Factors" OSWER Dtrectlve 9285 6-03, March 25, 1991.
b = T=me spent outdoors tn the contaminated areas using best profess=onal judgement, based on the nature of the act=v~ty
c = U S EPA Exposure Factors Handbook, August 1997
d = Surface area of 1/2 head, forearms and the hands of an adult worker
e = AF calculated for sod adherence can be found m Appendtx G
f = Chemtcal-specihc absorphon factors are found in Appendix G
g = Particulate emtsston factor (PEF), adapted from U S EPA, Sod Screening Gutdance Techntcal Background

Document, May 1996
h = Industrial volatdtzahon factor (VFInd) adapted from FDEP Brownhelds Table 4, Chapter 62-777, F A 

December 1998

P/147543JAPPI2FU 1 so~ls xlsFU1SSIW*lntake 1-16
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TABLE 12-3a

FU1 Sod Column -Hypothetcal Future Industrial Worker Scenano
Memphts Depot Main/nstal/ahon R/

412

Ingestion:
CDI= Cs*IR* FI* EF* ED* CF

BW * AT
Cs = ConcentratLon in Sell (mg/kg)
IR = Ingeshon Rate (mg/day)

FI = Fracbon Ingested (urnt(ess)
EF = Exposure Frequency (day/year)

ED = Exposure Duration (year)
CF = Conversion Factor (kg/rng)
BW = Body Weight (kg)
AT = Averaging Time (days)

Dermal:
CDI = Cs*SA* AF* ABS* ET* EF* ED* CF

BW * AT
Cs = Concentration m soil (mg/kg)
SA = Surface Area (cm2)
AF = Sod-Skin Adherence Factor (mg/cm2)
ABS = Absorptton Factor (unltless)

ET = Exposure Time (8 hours per 8 hour workday)
EF = Exposure Frequency (day/year)
ED = Exposure Durat=on (year)
CF = Conversion Factor (kgJmg)
BW = Body Weight (kg)
AT = Averaging T~me (days)

Inhalation:
CDI = ~:s~I/PEF) * IR * ET * EF * ED

Carcinogenic Noncarcinogenic

EPC EPC
50 a 50 a
1 1

250 a 250 a

25 a 25 a
1 O0E-06 1 00E-06

70 a 70 a

25550 a 9125 a

EPC EPC
2679 c,d 2679 c,d

0 03 c,e 0 03 c,e
(Chemlcat Spec=fic) (Chem=cal Specdlc) 

lb lb
250 a 250 a
25 a 25 a

1 00E-66 1 0OE-06
70 a 70 a

25550 a 9125 a

for volatlles"
Cs * ((1/VFind~+II/PEF~ * IR * ET * EF ED

BW * ATBW * AT
CS = Concentration in so~l (mgrkg) EPC EPC

PEF = Particulate Emission Factor (m3/kg) 1 32E+09 g 1 32E+09 g
VFind = Volat[hzahon Factor (m3/kg) (Chemical Specific) (Chemical Specific) 

IR = Inhalahon Rate (m3/day) 20 a 20 a
ET = Exposure Ttme (8 hours per 8 hour workday) 1 b 1 b

EF = Exposure Frequency (day/year) 250 a 250 a
ED = Exposure Duration (year) 25 a 25 a
BW = Body Wetght (kg) 70 a 70 a

AT = Averaging Time (days) 25550 a 9125 a

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure

Factors" OSWER Directive 9285 6-03, March 25, 1991
b = Time spent outdoors m the contaminated areas using best protessionai judgement, based on the nature of the aehwty.
c = U S EPA Exposure Factors Handbook, August 1997.
d = Surface area of 1/2 head, forearms and the hands of an adult worker
e = AF calculated for sod adherence can be found m Appendix G
f = Chemtcal-specff~c absorptton factors are found tn Appendix G
g = Parhculate emsslon factor (PEF), adapted from U S EPA, Sol] Screening Guidance Techrncal Background

Document, May 1996
h = Industrial volat=l=zat=on factor (VFmd) adapted from FDEP Brownhelds Table 4, Chapter 62-777, F A 

December 1998

P/147543/APPI2FU1 sods xtsFUl SBIW-lntake I-t 9
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488 4[5

TABLEI2-4a

Fur (SS65A) Surface Sod - Hypo~etlcai Future On-site Resedentlal (Adutt) Scenano
Memphis Depot Mmn Installahon R/

Ingestion:
Intake for non-carcmogente compounds
CDI= Cs*IR * FI° EF* ED* CE

BW ° AT
Cs = Concenfrabon m sod (mg~g)
IR = Ingestion Rate (rag/day)
IRad! : Age-adjusted Ingestion Rate (rag - year)/(kg - day)
FI : Fraction Ingested (unltless)
EF = Exposure Frequency (day~year)
ED = Exposure Durafton (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT -- Averaging Ttme (days)

Dermal-
intake for non-carcJnogenlc compounds
CDI= Cs * SA * AF* ABS * ET* EF * ED * CF

BW" AT
Cs = Concentration Jn sod (mg/kg)
SA = Surface Area (cm2)
SAadj = Age-adjusted Surface Area (cm2 - year)/(kg)
AF = Soil-Skin Adherence Factor (mg/cm2)
ABS = Absorptton Factor (undless)
ET = Exposure Ttme (4 hours per 24-hour day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Convers=on Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging T~me (days)

Inhalatton:
Intake for non-carcmogentc compounds
CDI= Cs*fl/PEF~*IR Inh *ET*EF*ED

BW’AT
Cs = Concentration in soil (mg/kg)
PEF = Particulate Emlsmon Factor (m3/kg)
IR_lnh = tnhalatton Rate (m3/day)
IR_lnhadj = Age-adjusted Inhalabon Rate (m3 - year)/(kg - day)
ET = Exposure Ttme (4 hours per 24-hour day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body WeLghf (kg)
AT = Averaging Time (days)

Carcinooenlc Noncarcmooemc

Age-specdLc retake (for carcmogenLc compounds only)
CDladj = Cs * FI * EF * CF" IRad!

AT
EPC EPC
N/A 100 a

114 29 a,b N/A
1 1

350 a 350 a
N/A 30 a

100E-06 1 00E-06
N/A 70 a

25550 a 10950 a

Age-specthc retake (for carcmogenic compounds only)
CDladj= Cs*SAadI*AF*ABS*ET*EF*CF

AT
EPC EPC
N/A 5049 d,e

2671 d,e,f N/A
O 03 d,g 0 03 d,g

(Chemical Specdic) (Chemical Specthc) 
0167c 0167c

350 a 350 a
WA 30 a

1 OOE-06 100E-06
N/A 70 a

25550 a 10950 a

Age-specdtc mtake (for carcinogenic compounds only)
CDiadj= Cs ° (1/PEF~ * IR Inhad! * ET * EF

AT
EPC EPC

1 32E+O9 I 1 32E+09 t
N/A 20 a

12 85714286 aJ N/A
0 167 c 0 167 c

350 a 350 a
N/A 30 a
N/A 70 a

25550 a 10950 a

References:
a = U S EPA, Human Health Evaluabon Manual, Supplemental Gu=dance "Standard Default Exposure

Factors," OSWER DLrecftve 9285 6-03, March 25, 1991
b = Age-adjusted ingeshon rate for adults, adlustod for body weight and time for carcinogenic exposure

IRadj = IRc x EDc + IRa x fEDa- EDc~ = 20Ox6 + 100xf30-6~
BWc BWa 15 70

114.29 (mg-year~(kg-day)
c = T~me spent outdoors m the contammated areas based on the nature of the achv~ty
d= U S EPA Exposure Factors Handbook, August 1997
e = Surface area of 1/2 head, hands, forearms, lower legs & feet of an adult
f = Age-adjusted surface area for adults, adjusted for body wetght and time for carcinogenic exposure

SAadj = SAc x EDc + SAa x fEDa - EDcl = 2351 x 6 + 5049 x (30-5}
BWc BWa 15 70

2671 (cm2-yeary(kg)
g = AF calculated for sod adherence can be found m Appendix G
h = Chemtcal-specdtc absorptton factors are found m Appendix G
i = Padtculafe emlsslon factor (PEF), adapted from U S EPA, Sod Screening Gu=dance Techmcal Background Document, May 1996
j = Age-adlusfed mhalabon rate for adults, adjusted for body weight and time lor carctnogentc exposure

IR-Inhadj = IR-lnhc x EDc + IR-Inha x fEDa-EDc) = 15x6 + 20xf30-6~
BWc BWa 15 70

12.86 (m3-yeary(Ic~-day)

PI147543’AP PL2F~J I SO~ dsFO 1S SP, A-~ntake ~ 22
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TA8LE 12-5a
FU1 (SS65A) Surface Soil- Hypothetcal Future On-sEre Residential (Chdd) Scenanc

Memphis Depot Matn Installation RI

488 418

Ingestion:
CDI= Cs*IR* FI* EF * ED* CF

BW * AT
Cs = Concentration in soil (mg/kg)
IR = Ingestion Rate (mg/day)
FI = Fraction Ingested (unitless)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Dermal:
CDI = Cs * SA" AF" ABS * ET* EF * ED * CF

BW * AT
Cs = Concentration in soil (mg/kg)
SA = Surface Area (cm2)
AF = SotI-Skm Adherence Factor (mg/em2)
ABS = Absorption Factor (unttless)
ET = Exposure T~me (4 hours per 24-hour day)
EF = Exposure Frequency (day/year)
ED = Exposure Durat=on (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Inhalation:
CDI = Cs * (1/PEF) * IR * ET * EF * 

BW * AT
Cs = Concentration m soil (mg/kg)
PEF = Parttculate Emtssion Factor (m3/kg)
IR = Inhalahon Rate (m3/day)
ET = Exposure Time (4 hours per 24-hour day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Averagmg Time (days)

Carcinooenic
(optional - do not use)

EPC
200 a

1
350 a

6a
1 00E-06

15a
25550 a

EPC
2351 c,d
015 c,e

(Chemtcal Specific) 
0167 b

350 a
6a

1 00E-06
15a

25550 a

EPC
1 32E+09 g

15a
0167 b

350 a
6a

15a
25550 a

Noncarcinogeni¢

EPC
200 a

1
350 a

6a
1.00E-06

15a
2190 a

EPC
2351 c,d
015 c,e

(Chem,cal Specific) 
0167 b

350 a
6a

1.00E-06
15a

2190 a

EPC
1 32E+09 g

15a
0.167 b

350 a
6a

15a
2190 a

References:
a = U S EPA, Human Health Evaluahon Manual, Supplemental Gutdance "Standard Default Exposure

Factors," OSWER Direchve 9285 6-03, March 25, 1991
b = Time spent outdoors in the contaminated areas based on the nature of the aehwty
c= U S EPA Exposure Factors Handbook, August 1997.
d = Surface area of 1/2 head, hands, forearms, lower legs & feet of a chald (age 1-6 years).
e = AF calculated for sod adherence can be found m Appendix G
1 = Chemicat-spectfic absorption factors are found in Appendtx G
g = Particulate emission factor (PEF), adapted from U S EPA, So~l Screening Gwdanee’ Techmcal

Background Document, May 1996

P/147543/APPI2FU1sotls xls/FU 1SSRC-Intake 1-25
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TABLE 12-6a

S~te #65 Surface S011 -Hypothettcal Future Industnal Worker Scenano

Memphis Depot Math Installation RI

Ingestion:

CDi = Cs * IR * FI * EF * ED * (~F
BW * AT

Cs = Concentration =n soil (mg/kg)
IR = IngestLon Rate (mg/day)
FI = Fraction Ingested (unitless)
EF = Exposure Frequency (day/year)
ED = Exposure Durahon (year)

CF = Conversion Factor (kg/mg)

BW = Body Wetght (kg)
AT = Averaging T=me (days)

Dermal:
CDI = Cs*SA* AF* ABS* ET* EF* ED* CF

BW * AT
Cs = Concentration tn soil (mg/kg)
SA = Surface Area (cm2)
AF = SorI-Skin Adherence Factor (mg/cm2)
ABS = Absorption Factor (umtless)
ET = Exposure Time (8 hours per 8 hour workday)
EF = Exposure Frequency (day/year)
ED = Exposure Duratton (year)
CF = Conversion Factor (kg/mg)
BW = Body We=ght (kg)
AT = Averaging Time (days)

Particulate Inhalation:
CDI= Cs* fl/PEF~* IR * ET* EF*ED

BW * AT
Cs = Concentratton =n sell (mg/kg)

PEF = Particulate Emission Factor (m3/kg)
IR = Inhalahon Rate (m3/day)

ET = Exposure T=me (8 hours per 8 hour workday)

EF = Exposure Frequency (day/year)
ED = Exposure Duratton (year)
BW = Body Werght (kg)
AT = Averaging T=me (days)

Carcino_oenic Noncarcino_oenic

EPC EPC
50 a 50 a
1 1

250 a 250 a
25 a 25 a

1 00E-06 1.00E-06
70 a 70 a

25550 a 9125 a

EPC EPC
2679 c,d 2679 c,d
O 03 c,e 0.03 c,e

(Chemtcal Specific) (Chemical Specific) 

lb lb
250 a 250 a
25 a 25 a

1.00E-06 1 00E-06
70 a 70 a

25550 a 9125 a

EPC EPC
1 32E+09 g 1 32E+09 g

20 a 20 a
100% b 100% b

250 a 250 a
25 a 25 a
70 a 70 a

25550 a 9125 a

References:

a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure
Factors" OSWER DJreot=ve 9285.6-03, March 25, 1991.

b = Time spent outdoors m the contaminated areas using best profess=onal judgement, based on the nature of the actlvdy
c = U S EPA Exposure Factors Handbook, August 1997
d = Surface area of 1/2 head, forearms and the hands of an adult worker
e = AF calculated for soil adherence can be found m Appendix G
f = Chemical-specific absorphon factors are found Jn Appendix G
g = Particulate emission factor (PEF), adapted from U.S.EPA, Soft Screenmg Guidance Technical Backgrounc

Document, May 1996

P/147543/APPL2FU 1soils xls65SSIW-Lntake 1-28
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TABLE 12-7a

S~te 65 Sot] Column -Hypothetical Future Industnal Worker Scenano

Memphis Depot Ma~n Installation RI

424

Ingestion:
CDI = Cs * IR * F! * EF * ED ° CF

BW" AT

Cs = Concentration in soil (mg/kg)

IR = Ingestion Rate (mg/day)

FI = Fraction Ingested (umtless)

EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Dermal:
CDI = Cs*SA* AF* ABS* ET* EF* ED* CF

BW * AT
Cs = Concentration m soil (mg/kg)
SA = Surface Area (cm2)
AF = Sod-Skin Adherence Factor (mg/cm2)
ABS = Absorption Factor (unitless)
ET = Exposure Time (8 hours per 6 hour workday)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Particulate Inhalation:

CDI = Cs * (I/PEF) * IR * ET * EF * 
BW * AT

Cs = Concentration in soil (mg/kg)

PEF = Particulate Emission Factor (m3/kg)

IR = Inhalation Rate (m3/day)

ET = Exposure Time (8 hours per 8 hour workday)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Averaging Tqme (days)

Carcinogenic Noncarcinogenic

EPC EPC
50 a 50 a

1 1
250 a 250 a

25 a 25 a

1 00E-06 0.000001

70 a 70 a

25550 a 9125 a

EPC EPC
2679 c,d 2679 c,d
0.03 c,e 0 03 c,e

(Chemical Speclftc) f (Chemical Specific) 
1.000 b 1 b

250 a 250 a
25 a 25 a

1 00E-06 0 000001
70 a 70 a

25550 a 9125 a

EPC EPC

1 32E+09 g 1 32E+09 g

20 a 20 a
1.000 b 1 b

250 a 250 a
25 a 25 a
70 a 70 a

25550 a 9125 a

References:
a = U S. EPA, Human Health Evaluation Manual, Supplemental Guidance. "Standard Default Exposure

Factors" OSWER Directive 9285.6-03, March 25, 1991
b = T~me spent outdoors m the contaminated areas using best professional }udgement, based on the nature of the actw~ty
c = U S EPA Exposure Factors Handbook, August 1997
d = Surface area of 1/2 head, forearms and the hands of an adult worker
e = AF calculated for soil adherence can be found in Appendix G
f = Chemical-specific absorption factors are found m Appendix G
g = Particulate emtsslon factor (PEF), adapted from U S EPA, Soil Screening Guidance Technical Backgroun(

Document, May 1996

PI147543/APPI2FU 1sods xls65SBIW-lntake 1-31
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TABLE 12-8a

Site 65 So~l Column -Hypothetical Current/Future Utility Worker Scenano

Memphzs Depot Main Installation RI

Ingestion:
CDI= * * * F* *

BW * AT
Cs = Concentration an soil (mg/kg)

IR = Ingestion Rate (mg/day)
FI = Fraction Ingested (un=tless)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)

AT = Averaging Time (days)

Dermal:
CDI = Cs*SA* AF* ABS* ET* EF* ED*CF

BW * AT
Cs = Concentration an sod (mg/kg)

SA = Surface Area (cm2)
AF = SoiloSkin Adherence Factor (mg/cm2)
ABS = Absorption Factor (unltless)
ET = Exposure Tame (8 hours per 8 hour workday)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Tame (days)

Particulate Inhalation:
CDI = Cs * fl/PEF) * IR * ET * EF * ED

BW * AT
Cs = Concentration in soil (mg/kg)

PEF = Particulate Emission Factor (m3/kg)’
IR = Inhalation Rate (m3/day)
ET = Exposure Tame (8 hours per 8 hour workday)
BF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)

AT = Averaging Time (days)

Carcinogenic Noncarcinogenic

EPC EPC
100 c 100 c
05 05
24 d 24 d
25 a 25 a

1.00E-06 0 000001
70 a 70 a

25550 a 9125 a

EPC EPC
2679 e,f 2679 e,f

01 e,g 01 e,g
(Chemical Specific) h (Chemical Specific) 

1 b lb
24 d 24 d
25 a 25 a

1 00E-06 0.000001
70 a 70 a

25550 a 9125 a

EPC EPC
1.32E+09 I 1.32E+09 i

20 a 20 a
100% b 1 b

24 d 24 d
25 a 25 a
70 a 70 a

25550 a 9125 a

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure

Factors" OSWER Directive 9285.6-03, March 25, 1991
b = Time spent outdoors m the contaminated areas based on the nature of the actw=ty, assuming full workday
c = Supplemental Guidance to RAGS’ Region 4 Bulletins, Human Health Risk Assessment, Intenm, November 1995
d = Ut=hty actlwty assumed to be twice a month throughout the year
e= U S EPA Exposure Factors Handbook, August 1997

f = Surface area of 1/2 head, forearms and the hands of an adult worker
g = AF calculated for soil adherence can be found in Appendix G
h = ChemrcaE-specff~c absorption factors are found m Appendix G
I = Particulate emission factor (PEF), adapted from U S EPA, Soil Screening Guidance. Technical Backgroun{.

Document, May 1996

PI147543/APPI2FU 1 sods xts65SBUW-Intake 1-34
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Appendix I-3

A. FU2 Soils (Parcel 3 & Site 59)
B. FU2 Sediments

C. FU2 Surface Water
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TABLE 13-1 a

Soil - Hypothetical Future On-site Worker Scenano

Memphis Depot Main fnsta//atJon Rf

Ingestion:

CDI =

Cs --
fRing =

Ff =
EF =

ED =
CF =

BW =
AT =

BW * AT
Concentration in soil (mg/kg)

ingestion Rate (mg/event)
Fraction Ingested (unitless)

Exposure Frequency (events/year)
Exposure Duration (year)

Conversion Factor (kg/mg)
Body Weight (kg)

Averaging Time (days)

Dermal:
CDI = Cs* SA* AF* ABS* EF* ED * OF

BW * AT

Cs = Concentration in soil (mg/kg)

SA = Surface Area (cm2/event)
AF = Sod-Skin Adherence Factor (mg/cm2)

ABS = Absorption Factor (un~tless)

EF = Exposure Frequency (events/year)
ED = Exposure Duration (year)

CF = Conversion Factor (kg/mg)

BW = Body Weight (kg)
AT = Averaging Time (days)

Dust Inhalation:
CDI = Cs * ((1/VF)+(1/PEF)) * IRinh * EF 

BW * AT

Carcino_aenic Noncarcinoeenic

EPC EPC

50 a 50 a

100% 100%

250 a 250 a

25 a 25 a

1.00E-06 1 00E-06

70 a 70 a

25550 a 9125 a

EPC EPC

2458 b 2458 b
lc lc

(Chemical Specific) (Chemical Specific) 

250 a 250 a

25 a 25 a

1.00E-06 1 00E-O6

70 a 70 a

25550 a 9125 a

Cs = Concentration in soil (mg/kg) EPC EPC

PEF = Particulate Emission Factor (m3/kg) 1 32E+09 e 1 32E+09 e

VF = Volatdlzat=on Factor (m3/kg) (Chemical Specific) (Chemical Specific) 

IRinh = Inhalation Rate (m3/event) 20 a 20 a

EF = Exposure Frequency (events/year) 250 a 250 a

ED = Exposure Duration (year) 25 a 25 a

BW = Body Weight (kg) 70 a 70 a

AT = Averaging T~me (days) 25550 a 9125 a

References:

a = U S EPA, Human Health Evaluation Manual, Supplemental Gutdance’ "Standard Default Exposure
Factors," OSWER Directive 9285 6-03, March 25, 1991

b = Surface area of hands, 1/2 arms and 1/2 head (face) of an adult worker, adapted from CEHT,
Technical Report: Soil Cleanup Target Levels for FDEP, September 2, 1997

c = U.S EPA Dermal Exposure Assessment Principles and Apphcatlon, January 1992.

d = Chemical-specific absorption factors are found m Appendix C of the Parcel 3 Streamhned Risk Assessment, 1999.

e = Particulate emission factor (PEF), adapted from U S EPA, Sod Screening Guidance. Technical
Background Document, May 1996.

f = Chemical-specific volatd=zabon factors are found in Appendix C of the Parcel 3 Streamlined Risk Assessment, 1999

P \147543~PPL3FU2all >ds\wkr- Intake 1-39
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TABLE 13-2a

Soil- HypothetJsaJ Future Golfer Exposure Sce~anc

Memphis Depot Main Installatton RI

Ingestion:

CDI = * " * * "*

BW ° AT
CS = Concentratmn =n sod (mg/kg)
IRing = Ingestion Rate (rag/event)
FI = Fraction Ingested (unltless)

EFDadj = Ttme-adfusted Exposure Frequency (events, for 30 years)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Dermal:

CDI = Cs *SA * AF * ABS * ET * EFDad! * OF
BW*AT

Cs = Concentration =n soil (mg/kg)
SA = Surface Area (cm2/event)
AF = SmI-Skm Adherence Factor (mg/cm2)

ABS = Absorption Factor (undless)

ET = Exposure Ttme (event/day)
EFDadj = Time-adjusted Exposure Frequency (events, for 30 years)
CF = Conversmn Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Dust Inhalation:
CDI = Cs * ((I/VF~+fl/PEF)) * IRinh * EFDadi

BW*AT

Cs = Concentration m sod (mg]kg)
PEF = Particulate Emtsslon Factor (m3/kg)

VF = Volatilization Factor (m3/kg)
IRinh = Inhalation Rate (m3/event)
EFDadj = "i3me-adjusted Exposure Frequency (events, for 30 years)
BW = Body Weight (kg)
AT = Averaging Time (days)

Carcinogenic Noncarcinooenic

EPC EPC
50 a 50 a

100% 100%
4680 b 4680 b

1 O0E-06 1 00E-06
70 c 70 c

25550 c 9125 c

EPC
4371 d 4371 d

le le
(Chemical Specific) (Chemical Specific) 

6 083 g 0 083 g
4680 b 4680 b

1.00E-06 1 00E-06
76 c 76 c

25550 c 9125 c

EPC EPC
1 32E+09 h 1 32E+09 h

(Chemical Specd~c) (Chemical Specific) 
1671 1671

4680 b 4680 b
70 c 70 c

25550 c 9125 c

References;
a = Best professional judgment based on a golfer’s behavtor, sod intake is assumed to 60 mg for a 2 hour golfing event

b = Golf actrvlty over thldy years is assumed to be twice a week for twenty years, and five times a week for ten years, per best
professional judgment. Thts accumulates to 4,680 days over thirty years
EFDadI = (104 days/yr x 20 yrs) + (260 days/yr x 10 yrs) = 4680 

c = U S EPA, Human Health Evaluabon Manual, Supp]emental Gutdance "Standard Default Exposure
Factors" OSWER Directive 9285 6-03, March 25, 1991.

d = Surface area of hands, 1/2 arms and 1/2 legs of an adult, adapted from CEHT, Techmcal Report Sml Cleanup Target Levels,
for FDEP, September 2, 1997

e = U S EPA Dermal Exposure Assessment Pnnctples and Appllcatton, January 1992
f = Chemma[ospeed~e absorphon factors are found tn Appendtx C of the Parcel 3 Strearnhned Rtsk Assessment, 1999.

g = Time spent outdoors playing golf per best professtonal judgment (2-hour event per 24-hour day)
h =Parttculate emission factor (PEF), adapted from U S EPA, Soil Screening Gutdance Technical Background Document, May 1996
= = Chemical-specdtc volatthzatton factors are found In Appendtx C of the Parcel 3 Streamhned RJsk Assessment, 1999

j =Inhalatton rate Is determined by 20 m3/day dtwded b7 24 hours/day, and multiplied by the 2 hours/event.

P \147543~APPI3FU2all xls[goll - mtake~ 1-42



488 43G

WU.I

O0 O0

tu ~ ,,’, u5 u~

~_ 999999 , , , oo
a wwwwwww~www ~WW

~_) (’~ O0 O0 (.0 CO ~0 O0 b- O0
o, o, 9999 o, 90

~..J ~ LU W W LU bU LU LU LU

__ 9999999999~, o9°m,
~ LU LU ~J U.I UA I~A W LU LU W LU W~.IW

+’~
www

O00000 ~¯ 1~ 00000000000 O0

~N~ 99000° 90o + + ,,+, ~,,’,"i" "FI~ W WUj ~jtu W

ss+ oo ,

o

~S.

o
o o ~

o~oo°

LU

LU
Z

W LU
Z ILU UJ ~-

LUz 0

c~ ~wo
~. ~ o~ ~=~

I
mO--i~ z o0,z ~

~Z~LU ~-~ ’ <~: ....

9
Ltl

II

t’-

0

-J

-1
Ul

g

g
g.

0

II

LII

II

W

"F

e~

Z

.,?

8
o

e~



488 437

0

o

o_



TABLE ]3-3a

Soil - HypothetKcal Future Ballplayer (Youth) Scenano

Memphis Depot Ma~n Installation RI

Carcinogenic Noncarcino _oenic

t

488 438

Ingestion:
CDI =

Cs =
IRing =
F! =
EF =
ED =
CF=
BW =
AT =

Cs* IRin_o * FI * EF ° ED * CF
BW * AT

Concentration in soLI (mg/kg)
Ingestion Rate (mg/event)
Fraction Ingested (unitless)
Exposure Frequency (events/year)
Exposure Duration (year)
Conversion Factor (kg/mg)
Body Weight (kg)
Averaging Time (days)

Dermal:
CDI = Cs* SA* AF* ABS* ET* EF* ED* OF

BW * AT
Cs = Concentration in sotl (mg/kg)
SA = Surface Area (cm2/event)
AF = Sod-Sktn Adherence Factor (mg/cm2)
ABS = Absorption Factor (umSess)
ET = Exposure Time (events/day)
EF = Exposure Frequency (events/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Ttme (days)

Dust Inhalation:
CDI = Cs ° ((1/VF)+(1/PEF’J) * IRinh * EF 

BW * AT

Cs = Concentration In soil (mg/kg)
PEF = Particulate Emcssion Factor (m3/kg)
MF = Volatlhzatlon Factor (m3/kg)
IRinh = Inhalatton Rate (m3/event)
EF = Exposure Frequency (events/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Averaging Time (days)

EPC EPC
200 a 200 a

100% 100%
20 b 20 b
8c 8c

1 00E-06 1.00E-06
30 d 30 d

25550 e 2920 e

EPC EPC
2080 f 2080 f

lg lg
(Chemical Specific) (Chemical Specific) 

0.0625 i 0 0625 i
20 b 20 b
8c 8c

1 00E-06 1 00E-06
30 d 30 d

25550 e 2920 e

EPC EPC
1 32E+09 J 1 32E+09 J

(Chemical Spectflc) (Chemical Specific) 
1251 1251

20 b 20 b
8c 8c

30 d 30 d
25550 e 2920 e

References:
a = U S EPA, Human Health Evaluatton Manual, SupplementaE Guidance "Standard Default Exposure

Factors," OSWER Directive 9285 6-03, March 25, 1991
b = Outdoor actlwty assumed to be twice a week dunng season, plus practice games per U S EPA memo, March 1997

(total of 20 days/year).
c = Exposure duration of 8 years, per U.S EPA memo, March 1997.
d = Age-adjusted body weight for youth (age 6-13 years) at 50th percentde, per U S EPA memo, March 1997
e = Best professional judgement
f = Surface area of 1/2 arms and head of a youth (5-13 years), adapted from CEHT, Techmcal Report Sod Cleanup Target

Levels for FDEP, September 2, 1997
g = U S. EPA Dermal Exposure Assessment’ Principles and Apphcat~on, January 1992
h = Chemlcal-spectfic absorption factors are found in Appendix C of the Parcel 3 Streamhned Rtsk Assessment, 1999
i = Time spent outdoors playtng baseball per best professional ludgment (1,5 hour eventJ24 hour day)

l = Particulate emission factor (PEF), adapted from U S EPA, Sotl Screentng Guidance Technical Background
Document, May 1996

k = Chemtcal-speciflc volatlhzatton factors are found m Appendtx C of the Parcel 3 Streamlined Rtsk Assessment, 1999

I =Inhalatton rate is determined by 20 m3/day divided by 24 hours/day, and multLphed by the 1 5 hours/event.

P \147543V~PPI3FU2afl xIs[ball - retake] 1-45
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TABLE 134a

Sod - Future Recreational Child Scenario - Playground

Memphis Depot Main Instal~at/on RI

Ingestion:

CDI =

Cs =
IRing =
FI =

EF =
ED =

CF =
BW =
AT =

Cs * IRing * FI * EF * ED * CF
BW * AT

Concentrahon =n soft (mg/kg)
Ingestzon Rate (mg/event)

Fractton Ingested (umtless)
Exposure Frequency (events/year)
Exposure Duration (year)
Conversion Factor (kg/mg)

Body Werght (kg)
Averaging Time (days)

Dermal:
CDI = Cs*SA*AF*ABS *ET*EF*ED*(~F

BW * AT
Cs = Concentration in soil (mg/kg)

BA = Surface Area (cm2/event)
AF = Soil-Skin Adherence Factor (mg/cm2)

ABS = Absorption Factor (unitiess)
ET = Exposure Time (event/day)
EF = Exposure Frequency (events/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Dust Inhalation:

CDI = Cs * ((1/VF)+(1/PEF)) * IRinh * EF 
BW * AT

Cs = Concentration in sod (mg/kg)
PEF = Particulate Emission Factor (m3/kg)
VF = VolatdlzatLon Factor (m3/kg)
IRinh = Inhalation Rate (m3/event)
EF = Exposure Frequency (events/year)

ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Averaging Time (days)

Carcinoaenic Noncarcino_oenic

EPC EPC
200 a 200 a

100% 100%
64 b 64 b
6a 6a

1.00E-g6 1.00E-06
15a 15a

25550 a 2190 a

EPC EPC
2394 c 2394 c

ld ld
(Chemical Specific) (Chemical Specific) 

0.167 f 0.167 f
64 b 64 b
6a 6a

1.00E-06 1 0OE-06
15a 15a

25550 a 2190 a

EPC EPC
1 32E+09 g 1.32E+09 g

(Chemical Specific) (Chemical Specific) 

25i 25~
64 b 64 b
6a 6a

15 a 15 a
25550 a 2190 a

References:

a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance. "Standard Default Exposure
Factors," OSWER Dlrectwe 9285.6-03, March 25, 1991.

b = Best professional judgment Child wsitmg park 2 days/wk dunng 8 (waEPCr) months of the year
c = Surface area of hands. 1/2 arms, 1/2 legs and feet of a child (age 1-6 years), adapted from CEHT.

Technical Report Sod Cleanup Target Levels for FDEP, September 2. 1997.

d = U.S EPA Dermal Exposure Assessment. Principles and Application, January 1992
e = Chemical-specific absorpt=on factors are found tn Appendtx C of the Parcel 3 Streamlined Rrsk Assessment, 1999.
f = Time spent outdoors, best professional judgment (4 hour event/24 hour day)
g = Particulate emission factor (PEF), adapted from U.S.EPA, Soft Screening Guidance Technical

Background Document, May 1996

h = Chemical-specific volatilization factors are found in Appendix C of the Parcel 3 Streamlined Risk Assessment, 1999.

i = Inhalation rate Es determined by 15 m3/day dw~ded by 24 hours/day, and mult~phed by the 4 hours/event

P \147543~APPI3FU2all xls[park -tntake] 1-48



(J

~J
-I

~w

0

0

~d

CJ

2

W

0
a.
W

iz

0
U.

W
0

,u
E

ww

99 .,

WWWWWWWWW WWW

9~9 999
WWW WWW

99@@@9@99 999

00000 O0 ~
00000
00000 000 O0

000005090 990÷@÷÷÷ , ,

oo N E ~9
~0 0 O0

,~
W~

QEZ{~

~o~o .~oooE

~D
9
LU

II

9~

.=
0

II ]

III

488 442

c~



0

’i

",,J

o;
o
o

oo
8
o

000 0

0 o
0

999 .........
WWWWWWWWW WWW

000 ~O0 000
0 0

000

O000 O000
O0 O0 O00 O0 O00

~ + +~. W tu U~+ lj~ w W UJ W W ~I~W

W W

o o o oooo ~oo o°

LU
ZUJ LU

0 Z
~Cm~
~CZOC
3:wo

~-~
z _z ~

0 ~j ~C _ _ ~ ~ W U~ UJ moI <~o~J.~zaoc~0~mmm:c



TABLE 13-5a

Soil - Hypothetcal Future Residential Adult Scenario
Memphis Depot Main Installation RI

¢

488 444

Ingestion:
Intake for non-carclnogemc compounds
CDI = .....

Cs =
IRedj =
IRing =
FI =
EF =
ED =
CF=
BW =
AT =

BW * AT
Concentration in soil (mg/kg)
Age-Specific Factor (ingestion) (mg - year)/(kg - 
Ingestion Rate (rag/event)
Fraction Ingested (unitless)
Exposure Frequency (events/year)
Exposure Duration (year)
Conversion Factor (kg/mg)
Body Weight (kg)
Averaging Time (days)

Dermal:
CDI = ~;s * SA * AF * ABS * EF* ED * CF

BW * AT
Cs = Concentration in so~[ (mg/kg)
SA = Surface Area (cm2/event)
AF = Soil-Skin Adherence Factor (mg/cm2)
ABS = Absorption Factor (unltless)
EF = Exposure Frequency (events/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Dust Inhalation:
CDI = Cs" ((1/VF)+(IlPEF)r~ * IRinh * EF 

BW * AT

Cs = Concentration in soil (mg/kg)
PEF = Particulate Emission Factor (m3/kg)
VF = Volatilization Factor (m3/kg)
IRinh = Inhalation Rate (m3/event)
EF = Exposure Frequency (events/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Averaging TJme (days)

Carcinooenic Nondarcinooenic

Age-specific intake (for carcmogemc compounds only)’
CDladj = * * * * "

AT
EPC EPC

114 29 g na
na 100 a

10O% I OO%

350 a 350 a
na 30 a

1.00E-06 1 00E-06
na 70 a

25550 a 10950 a

EPC EPC
5419 b 5419 b

lc lc
(Chemical Specific) (Chemical Specific) 

350 a 350 a
30 a 30 a

1 00E-06 1 00E-06
70 a 70 a

25550 a 10950 a

EPC EPC
I 32E+09 e 1 32E+09 e

(Chemcal Specific) (Chemical Specific) 
20 a 20 a

350 a 350 a
30 a 30 a
70 a 70 a

25550 a 10950 a

References:
a = U S. EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure

Factors," OSWER Directive 9285 6-03, March 25, 1991
b = Surface area of hands, 1/2 arms, 1/2 legs and feet of an adult, adapted from CEHT, Technical Report

Soil Cleanup Target Levels for FDEP, September 2, 1997.
c = U S EPA Dermal Exposure Assessment Principles and Apphcation, January 1992
d = Chemical-specific absorption factors are found in Appendix C of the Parcel 3 Streamlined Risk Assessment, 1999
e = Particulate emission factor (PEF), adapted from U.S EPA, Soil Screening Guidance Techmcal

Background Document, May 1996
f = Chemical-specihc volatfllzahon factors are found in Appendix C of the Parcel 3 Streamlined Risk Assessment, 1999
g = Age-adjusted ingestion rate for adults, adjusted for body weight and time for carcinogenic exposure.

IRadj lJ~ + ~ 200 x 6 +
BWc BWa 15

= Data’lSF$23 (mg-year)/(kg-day)

100x (30-6)
7O

P \147543~APPI3FU2all xls(ad - intake] I-51
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TABLE 13-6a ,

So~l - HypothetJcal Future Restdential Child Scenario

Memphis Depot Main Installation RI

Ingestion:

CDI =

Cs =

IRing =

FI =
EF =

ED --
CF =

BW =

AT =

Cs * IRino * FI * EF * ED * OF
BW * AT

Concentration in soil (mg/kg)
Ingestion Rate (rag/event)

FractLon Ingested (unitless)
Exposure Frequency (events/year)

Exposure Durahon (year)
Conversion Factor (kg/mg)

Body We=ght (kg)
Averagmg Time (days)

Dermal:

CDI = Cs * SA* AF* ABS* EF* ED* CF

BW*AT

Cs = Concentration m soil (mg/kg)

SA = Surface Area (cm2/event)
AF = Sod-Skin Adherence Factor (mg/cm2)

ABS = Absorption Factor (unltless)
EF = Exposure Frequency (events/year)

ED = Exposure Durat=on (year)

CF = Converston Factor (kg/m9)

BW = Body Werght (kg)
AT = Averagtng Time (days)

Dust Inhalation:

CDI = Cs * ((1/VF)+(1/PEF)) * IRinh * EF 
BW * AT

Carcinogenic footionan Noncarcino_oenic

EPC EPC

200 a 200 a
100% 100%

350 b 350 a
6a 6a

1 00E-06 1 00E-06

15a 15a
25550 a 2190 a

EPC EPC
2394 c 2394 b

ld lc
Chemical Specdtc) (Chemical Specific) 

350 b 350 a

6a 6a
1 00E-06 1.00E-06

15a 15a
25550 a 2190 a

Cs = Concentrat=on in sod (mg/kg) EPC EPC

PEF = Particulate Emismon Factor (m3/kg) 1 32E+09 f 1.32E+09 e

VF = Volatll~zat=on Factor (m3/kg) (Chemical Specific) (Chemical Specific) 

IRinh = Inhalation Rate (m3/event) 15 a 15 a

EF = Exposure Frequency (events/year) 350 b 350 a
ED = Exposure Duration (year) 6 a 6 a

BW = Body Weight (kg) 15 a 15 a

AT = Averagmg Ttme (days) 25550 a 2190 a

References:
a = U.S. EPA, Human Health Evaluation Manual, Supplemental Gutdance. "Standard Default Exposure

Factors," OSWER Dlrechve 9285.6-03, March 25, 1991.
c = Surface area of hands, 1/2 arms, 1/2 legs and feet of a child (age 1-6 years), adapted from CEHT, Technical Report:

Soil Cleanup Target Levels for FDEP, September 2, 1997.

d = U.S EPA Dermal Exposure Assessment. Pnnclples and Apphcatlon, January 1992
e = Chemical-specific absorphon factors are found in Appendtx C of the Parcel 3 Streamlined Risk Assessment, 1999.

f = Pamculate emlsston factor (PEF), adapted from U S EPA, Sod Screenmg Guidance. Techntcal
Background Document, May 1996

g = Chemical-spectfic volattllzatton factors are found m Appendix C of the Parcel 3 Streamhned Risk Assessment, 1999

P \147543~,PPI3FU2afl xlsIch - cntake] 1-54
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TABLE 13-7a

S~te #59 Surface Soil -Hypothetcal Future Industeal Worker Scenano

Memphis Depot Math/nstal/atlon R/

488 450

Ingestion:
CDI= Cs" IR* FI* EF* ED* CF

BW * AT
Cs = Concentration in soil (mg/kg)
IR = Ingestion Rate (rag/day)
FI = Fract=on ingested (umtless)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Converston Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging T~me (days)

Dermal:
CDI = Cs*SA* AF* ABS* ET* EF* ED* OF

BW * AT
Cs = Concentration in soil (mg/kg)
SA = Surface Area (cm2)
AF = SoaI-Skm Adherence Factor (mg/cm2)

ABS = Absorption Factor (umtless)
ET = Exposure Time (8 hours per 8 hour workday)
EF = Exposure Frequency (day/year)
ED = Exposure Durahon (year)
CF = Convers=on Factor (kg/mg)
BW = Body Wetght (kg)
AT = Averaging Time (days)

Particulate Inhalation:
CDI = Cs ° (1/PEF) * IR * ET * EF * 

Carcinooenic Noncarcinogenlc

EPC EPC
50 a 50 a
1 1

259 a 259 a
25 a 25 a

1 00E-06 1 09E-06
70 a 70 a

25550 a 9125 a

EPC EPC
2679 c,d 2679 c,d
0 03 c,e O 03 c,e

(ChemlcalSpec~flc) f (ChemlcaISpeclfic) 
1 b lb

250 a 250 a
25 a 25 a

100E-06 1 00E-06
70 a 70 a

25550 a 9125 a

for volatiles:
Cs * ((1/VFind)+(1/PEF)) * IR * ET * ED

BW * AT BW * AT
Cs = Concentrat=on Jn sod (mg/kg) EPC EPC
PEF = Parflculate Emiss=on Factor (m3/kg) 1 32E+09 g 1 32E+09 g
VFind = Volatd=zat=on Factor (m3rkg) (Chem=cal Spec=fic) h (Chem=cal Spec=fic) 
IR = Inhalatton Rate (m3/day) 20 a 20 a
ET = Exposure Trine (8 hours per 8 hour workday) 1 b 1 b
EF = Exposure Frequency (day/year) 250 a 250 a
ED = Exposure Duration (year) 25 a 25 a
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 9125 a

References
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure

’85 6-03, March 25, 1991
b = Time spent outdoors in the contaminated areas using best professional ludgement, based on the nature of the act~wty
c = U S EPA Exposure Factors Handbook, August 1997
d = Surface area of 1/2 head, forearms and the hands of an adult worker.
e = AF calculated for sod adherence can be found In Appendtx G
f = Chemical-specific absorptron factors are found in Appendix G
g = Particulate emission factor (PEF), adapted from U S EPA, Soil Screening Guidance Techmcal Background

Document, May 1996
h = Industnal volahhzation factor (VFind) adapted from FDEP Brownfields Tabte 4, Chapter 62-777, F.A.C.,

December 1998

P/147543/APPI3FU2aH xls59SSIW-lntake 1-57
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TABLE 13-8a

Site #59 Soit Column -Hypothetcal Future Industnal Worker Scenano

Memphis Depot Ma~n InstallatJon RI

Ingestion:
CDI =

Carcino_oenic

* ¯ t * ID

BW * AT
Cs = ConcentratLon in sod (mg/kg) EPC
IR = Ingest*on Rate (mg/day) 50
FI = Fraction Ingested (umtless) t
EF = Exposure Frequency (day/year) 250
ED = Exposure Duration (year) 25
CF = Convers=on Factor (kg/mg) 1.00E-06
BW = Body We=ght (kg) 70
AT = Averaging T=me (days) 25550

Dermal:
CDI = Cs*SA* AF* ABS* ET* EF* ED*CF

BW * AT
Cs = Concentratton in soil (mg/kg) EPC
SA = Surface Area (cm2) 2679
AF = Soil-Skin Adherence Factor (mg/em2) 0 03
ABS = Absorption Factor (unltlese) (Chemical Specific)
ET = Exposure Time (8 hours per 8 hour workday) 1.000
EF = Exposure Frequency (day/year) 250
ED = Exposure Duration (year) 25
CF = Conversion Factor (kg/mg) 1 00E-06
BW = Body Weight (kg) 70
AT = Averaging Time (days) 25550

Particulate Inhalation:

CDI = Cs * (I/PEF) * IR * ET * EF * 

Noncarcinogenic

Cs =

PEF =
VFind =
IR =
ET =
EF =
ED=
BW =
AT =

EPC
a 50 a

1
a 250 a
a 25 a

1.00E-06
a 70 a
a 9125 a

EPC
c,d 2679 c,d
c,e 0 03 c,e

f (Chemical Specific) 

b lb
a 250 a
a 25 a

1 00E-06
a 70 a
a 9125 a

for volatiles:
Cs * f(1/VFind)+(I/PEF)) * IR * ET * EF 

BW * AT BW * AT
Concentrat=on m soil (mg/kg) EPC EPC
Pamculate Em=sslon Factor (m3/kg) 1 32E+09 g 1,32E+09 g
Volatlhzatlon Factor (m3/kg) (Chem=cal Specff=c) h (Chem=cal Specific) 
Inhalatron Rate (m3/day) 20 0OO a 20 a
Exposure Time (8 hours per 8 hour workday) 1 b 1 b
Exposure Frequency (day/year) 250 a 250 a
Exposure Duration (year) 25 a 25 a
Body Weight (kg) 70 a 70 a
Averaging Time (days) 25550 a 9125 a

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure

~-85 6-03, March 25, 1991.
b = T=me spent outdoors in the contaminated areas using best professional judgement, based on the nature of the actMty
c = U S. EPA Exposure Factors Handbook, August 1997

d = Surface area of 1/2 head, forearms and the hands of an adult worker
e = AF calculated for sod adherence can be found m Append=x G

f = Chemical-specific absorption factors are found m Appendix G,
g = Particulate emission factor (PEF), adapted from U.S.EPA, Sod Screening Guidance Technical Backgrounc

Document, May 1996,

h = Indusmal volatilization factor (VFmd) adapted from FDEP Brownfields Table 4, Chapter 62-777, F.A.C.,
December 1996.

P/147543/APPt3FU2all xts59SgfW-lntake 1-60
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TABLE D-9a

Site #59 Sell Column -Hypothetical CurrenVFuture UtlhP] Worker Scenario

Men}phi Depot Main Installation RI

488 456

Ingestion:
CDI = * * * * *

BW * AT
Cs = Concentration in soil (mg/kg)
IR = Ingeshon Rate (mg/day)
FI = Fraction Ingested (unltless)

EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg]mg)
BW = Body Weight (kg)

AT = Averaging T)me (days)

Dermal:

CDI =

Carcinogenic Noncarcinooenic

EPC EPC
100 c 100 c
0 5 0.5
24 d 24 d
25 a 25 a

1 .OOE-O6 1 ,OOE-O6
70 a 70 a

25550 a 9125 a

Cs*SA* AF* ABS* ET* EF* ED* CF
BW * AT

Cs = Concentration in soil (mg/kg) EPC
SA = Surface Area (cm2) 2679
AF = Soil-Skin Adherence Factor (mg/em2) 0 1
ABS = Absorpt=on Factor (un=tless) (Chemical Specific)
ET = Exposure Time (8 hours per 8 hour workday) 1
EF = Exposure Frequency (day/year) 24
ED = Exposure Duration (year) 25
CF = Convers)on Factor (kg/mg) 1 00E-06
BW = Body Weight (kg) 70
AT = Averaging Time (days) 25550

Particulate Inhalation:

CDI= Cs * (I/PEF) * IR * ET* EF* ED

EPC
e,f 2679 e,f
e,g 0 1 e,g

h (Chemical Specific) 
b lb
d 24 d
a 25 a

1 0OE-06
a 70 a
a 9125 a

Cs =
PEF =
VFind =
IR =

ET =
EF =

ED =
BW =

AT =

for volatiles:
Cs * II1/VFind~+II/PEF~ * IR * ET * EF * ED

BW * AT BW * AT
Concentration in soil (mg/kg) EPC EPC
Particulate Emission Factor (m3/kg) 1 32E+09 i 1 32E+09 i
Volatihzatton Factor (m3/kg) (Chemical Specific) J (Chemical Specific) 
Inhalation Rate (m3/day) 20 a 20 a
Exposure Time (8 hours per 8 hour workday) 1 b 1 b
Exposure Frequency (day/year) 24 d 24 d
Exposure Duration (year) 25 a 25 a
Body We)ght (kg) 70 a 70 a
Averaging Time (days) 25550 a 9125 a

References:

a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure
’85 6°03, March 25. 1991
b = Time spent outdoors in the contaminated areas based on the nature of the achvlty, assuming full workday
c = Supplemental Guidance to RAGS Region 4 Bullehns, Human Health RCsk Assessment, Intenm, November 1995
d = Ut=hty activity assumed to be twice a month throughout the year
e= U S EPA Exposure Factors Handbook, August 1997

f = Surface area of 1/2 head, forearms and the hands of an adult worker,
g = AF calculated for soft adherence can be found in Appendix G
h = Chemical-specific absorphon factors are found m Appendix G

i = Particulate emission factor (PEF), adapted from U.S.EPA, Soll Screening Guidance: Techmcal Background
Document, May 1996

I = Industna) volat=hzat]on factor (VFmd) adapted from FDEP Brownfields Table 4, Chapter 62-777, F.A 
December 1998

P/147543/APP13FU2all xls59SSMW-Intake 1-63
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TABLE 13-10a

FU2 Sediment- Hypothebcal Future Recreational (You~) Scenano
Memphis Oepot Man Installation R/

Carcinogenic Noncarcinogen[c
In~lestlon"
CDI = * * * * "

BW" AT
Csd = Concentration in sedLment (mg/kg) EPC EPC
IR = Ingeshon Rate (mg/day) 100 a, b 100 a, b

R = Frachon Ingested (umtless) 100% 100%

EF = Exposure Frequency (day/year) 45 a 45 a

ED = Exposure Duration (year) 10 a 10 a
CF = Conversion Factor (kg/mg) 1 00E-06 1 00E-06
BW = Body Weight (kg) 45 a 45 a
AT = Averaging TLme (days) 25550 c 3650 c

Dermal:
CDI= Csd * SA * AF* ABS " ET* EF" ED" CF

BW*AT
Csd = Concentration in sediment (mg]kg) EPC EPC
SA = Surface Area (cm2) - wading 4785 d 4785 d
AF = Sell-Skin Adherence Factor (mg/crn2) 0 1 e 0 1 e
ABS = Absorption Factor (unt6ess) (Chemical Specific) (Chemical Specific) 

ET = Exposure Time (5 hours per 24 hour day) 0 25 g O 25 g
EF = Exposure Frequency (day/year) 45 a 45 a

ED = Exposure Duration (year) 10 a 10 a

CF = Conversion Factor (kg/mg) 1 00E-06 1 00E-06
BW = Body Weight (kg) 45 a 45 a
AT = Averaging Time (days) 25550 c 3650 c

Inhalation’ Not an apphcable pathway

References:
a = Values suggested by Supplemental Guidance to RAGS Region 4 Bulletins, Human Health Risk Assessment, ]ntenm, November 1995
b = A conse~atlve ingestion rate based on residential soil intake is assumed
c = U S EPA, Human Health Evaluation Manual, Supplemental Guidance =Standard Default Exposure

Factors," OSWER Directwe 9285 6*03, March 25, 1991
d = Surface area of hands, 1/2 arms, 1/2 legs and feet of a youth (9-19 yrs) assumed to be same for sediment and surfacewater,

adapted from U S EPA Exposure Factors Handbook, August 1997
e = AF calculated for soil adherence can be found in Appendix G
f = Chem=cal-spocd~c absorphon factors are found m Appendix G

9 = 6 hours per a 24 hour day are assumed to be spen! In Depot retention ponds for recreation

P J 147543/AP Pt3 FU2alLx Ls FU2 SD RY-Intake 1~o6
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TABLE I~lOb

FU2 Sediment- Hypothe~Jcal Future Recreational (You~) Scenano

Memphis Depot Main/nstaga~on R/

Ina.~_estion Dermat

Units Chemical WOE SFo SFd EPC ABS~I= ABS CDI ELCR CDI ELCR

MG/KG ALUMINUM 8 55E+03 0 1 0001 3 34E-04 0E+00 4 00E-07

MG/KG ARSENIC A tSOE+CO 366E+00 972E+00 041 003 380E-07 6E-07 137E-08 5E-08

MG/KG DIELDRIN B2 1 60E+01 320E+01 1 05E-01 0 5 0 1 4 10E-09 7E-08 4 91E-10 2E-08

MG/KG BENZO(a)ANTHRACENE B2 730E-01 235E+00 1 46E+00 031 0 1 570E-08 4E-08 682E*09 2E-08

MG/KG RENZO(a)PYRENE B2 730E+00 235E+01 121E+00 031 013 473E-08 3E-07 735E-09 2E-07

MG/KG BENZO(b)FLUORANTHENE B2 730E-01 235E+00 1 99E+00 031 0 1 779E-08 EE-08 932E-09 2E-08
MG/KG CHRYSENE B2 7 30E-03 2 35E-02 1 64E+00 0 31 0 1 6 43E-08 5E-10 7 70E-09 2E-10
MG/KG iNDENO(t,2.3-C,d)PYRENE B2 7 30E-01 2 35E+00 1 02E+00 0 31 0 1 4 00E-08 3E-08 4 78E-09 1E-08
MG/KG PCS-1260(AROCLOR1260) B2 200E+00 211E+00 330E-01 095 015 129E-08 3E-08 232E-09 5E-09
MG/KG PENTACHLOROPHENOL B2 1 20E*01 1 20E-01 1 40E-01 1 0 24 5 48E-CO 7E-10 1 57E-09 2E-10
MG/’KG TCDDEqu=valent B2 150E+05 300E+05 534E-05 05 003 209E-12 3E-07 749E-14 2E-08
MG/KG CARBON TETRACHLORIDE B2 1 30E-01 2 00E-01 2 40E-02 065 001 9 39E-10 1E-10 1 12E-11 2E-12

Notes

Total R=sk 1E-06
Total Risk = 2E-06

WOE = Weight of Evidence CDI = Chron=c Dal~y Intake, EPC = Exposure PoJnt Concentrabon, ELCR = Excess Lifetime Cancer Exposure

3E-07

P J147543J~P PI3FU2a/I:dsFU2S DRY-Ca~cogen ¢ 1~7



TABLE LI-10¢
FU2 Sedlmen{- Hypothetcal Future Recreational (Youth) $cenano
Memptus De~ /~n InstaJ/abon R/

Units Chemical
MG/KG ALUMINUM
MG,~G ARSENIC
MG]KG DIELDRIN
MG/KG BENZO(a)ANTHRACENE
MG/KG BENZO(a)PYRENE
MG/KG BENZO(b)ELUORANTH ENE
MG/KG CHRYSENE
MG/KG INDENO(1,2,3-c,d)PYR EN 
MGJKG PCB-1260 (AROCLOR 1260)
MG/KG PENTACHLOROPHENOL
MGJKG TCDD Equ=valent
MG/KG CARSON TETRACHLORIDE

Inoestion Dermal
WOE RfDo RfDd EPC ABS~i ABS CDI HQ CDI HQ

1 00E+00 1 00E-01 8 55E+03 0 1 0 001 2 34Eo03 0 002 2 80E-06 0 00003
A 3 00E-04 1 23E-04 9 72E+00 0 41 0 03 2 66E-06 0 009 9 56E-08 0 0008

B2 5 00E*05 2 50E*05 1 05E-01 0 5 0 1 2 87E-08 0 0006 3 44E-09 0 0001
B2 I 46E+00 0 31 0 1 399E-07 4 77E-08
B2 I 21E+00 0 31 0 13 3 31E-07 5 15E-08
EL?. 1 99E+90 0 31 0 1 5 45E-07 6 52E-08
[32 1 64E+00 0 31 0 1 4 50E-07 5 39E-08
B2 1 02E+90 0 31 0 1 2 80E*07 3 35E*08
B2 2 00E-05 1 90E-05 3 30E-01 0 95 0 1S 9 04E-08 0 005 1 62E-08 0 0009
B2 3 COE-02 3 00E-02 1 40E-01 1 0 24 3 84E-08 0 000001 1 10E-08 0 0000004
B2 5 34E-05 05 003 1 46E-11 5 25E-13
B2 7 00E-D4 4 55E-04 2 40E-02 0 65 0 01 6 57E-09 0 000009 7 86E-11 0 0000002

Notes

Hazard Index 0 02 0.002
Total HI= 0 02

WOE = Weight of Evtdence, CDI = Chronic Dazly Intake, EPC = Exposure Point Concentration, HQ = Hazard Ouotlent, HJ = Hazard Index



TABLE 13-11 a

FU2 Sediment- Hypo~etmal Future Recreational (Adult) Scenano
Memphis Depot Main Installation R/

488 462

Carcmoaenic Noncarcinoaenic
ingestion:
CDI= Csd *IR* FI *EF* ED*CF

BW ° AT
Csd = Concentration tn seal=merit (mg/kg) EPC EPC
IR = Ingestion Rate (rag/day) 100 a, b 100 a, b
R = Fraction Ingested (unl6ess) 100% 100%

EF = Exposure Frequency (day/year) 45 a 45 a
ED = Exposure Duratton (year) 30 c 30 c
CF = Conversion Factor (kg/mg) 1 00E-06 1 00E-06
BW = Body Weight (kg) 70 c 70 c
AT = Averaging Ttme (days) 25550 c 10950 c

Dermal:
CDI= Csd * SA * AF" ABS * ET* EF* ED * CF

BW ° AT
Csd = Concentration ~n sediment (mg/kg) EPC EPC
SA : Sudace Area (cm2) - wading 5671 d 5671 d
AF = SotI-Skm Adherence Factor (mg/cm2) O 1 e 0 1 e
ABS = Absorptton Factor (undless) (Chemtcal Specific) (Chemical Spectflc) 
El’: Exposure Tirne (6 hours per 24 hour day) 025g 025g
EF = Exposure Frequency (day/~ear) 45 a 45 a
ED = Exposure Duration (year) 30 c 30 c
CF = Converston Factor (kg/mg) 1 00E-06 1 00E-06
BW = Body Wetght (kg) 70 c 70 c
AT = Averagmg Ttme (days) 25550 c 10950 c

Inhalation: Not an applicable pathway

References:
a = Values suggested by Supplemental Gutdance to RAGS Reg+on 4 Bulletins, Human Health Rtsk Assessment, Interim, November 1995
b = A eonservattve ingesbon rate based on residential sod retake is assumed
c = U S EPA, Human Health Evaluatton Manual, Supplemental Guidance "Standard Default Exposure

Factors," OSWER Directtve 9285 6-03, March 25, 1991
d = Surface area of hands, 1/2 arms, 1/2 legs and feet of an adult assumed to be same for sediment and surfacewater,

adapted from U S EPA Exposure Factors Handbook, August 1997
e = AF calculated for sod adherence can be found m AppendLX G
f = Chemlcal-spectfic absorphon factors are found m Appendix G

= 6 hours per a 24 hour day are assumed to be spent in Depot retent+on ponds for recreation

P/147543/APPI3F U2alt~$ F U2SD RA-Int ake [-69



488 463

=o

(J
03
_o

0

o

o

[I2

- g

9998 ~==oo_ , ~
OWWWWW

~99 ° 9C9

9999~999
~wwww~www

=o ;; ;gg
~oo o od

~mNN~mNN~
~OOOOOOOOO

OOOOO

~OOOOOo +++++99

8SSSS~88~

o ++ ~~w~w

Z ~ w~O

~wo GO0

Z~,~O

0-~ooo~
i~

~ONNN~ ,~

~ ~wZZZ~m~Z

~NNN~NN~

0 0
,,’, ,.’, ,,’,

8~,,’, ,,., .,.
ootoV--

w~w

9°,
WWW

O

08

oc

~ t’N

~c

U.

C
7-
c

U.
--t’-

C

O ~

W

w~.o

..1

II

-.I

O

OI

W

e~

II

O"
gl

ol

II

o

&o

13_
0.

~g



,> 488



488 465

TABLE 13-12a

FU2 Sediment- Hypothetical Future Recreational (Child) Scenado

Mernphss Depot Main Installation RI

Ingestion:

CDI = .....
BW * AT

Csd = Concentration in sediment (mg/kg)
IR = Ingestion Rate (mg/day)

FI = Fraction ingested (unitless)

EF = Exposure Frequency (day/year)
ED = Exposure Duratron (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)

AT = Averaging Time (days)

Dermal:
CDI -- Csd * SA* AF* ABS* ET* EF* ED* CF

BW * AT

Csd = Concentration in sediment (mg/kg)
SA = Surface Area (cm2) - wading
AF = Soil-Skin Adherence Factor (mg/cm2)
ABS= Absorptton Factor (unitless)
ET = Exposure Time (6 hours per 24 hour day)
EF = Exposure Frequency (day/year)

ED = Exposure Duration (year)

CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Inhalation: Not an applicable pathway

Carcinoaenic

EPC

200 a, b
100%

45 a
6a

1.00E-06
15a

25550 c

EPC
1851 d

0.1 e
(Chemical Spec,fic) 

025 g
45 a

6a
1 00E-06

15a
25550 c

Noncarcinogenic

EPC
200 a, b

100%
45 a

6a
1 0OE-06

15a
2190 c

EPC
1851 d

01e
(Chemical Specific) 

0.25 g

45 a
6a

1.00E-06
15a

2190 c

References:
a = Values suggested by Supplemental Guidance to RAGS. Region 4 Bulletins,

Human Health R~sk Assessment, Intenm, November 1995
b = A conservative ingestion rate based on residential so~l retake is assumed

c = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure

Factors," OSWER Directive 9285 6-03, March 25, 1991.
d = Surface area of hands, 1/2 arms, 1/2 legs and feet of a child (1-6 yrs) assumed to be same for sediment

and surfacewater, adapted from U S EPA Exposure Factors Handbook, August 1997
e = AF calculated for soil adherence can be found in Appendix G
f = Chemical-specific absorption factors are found m Appendix G.

= 6 hours per a 24 hour day are assumed to be spent m Depot retention ponds for recreation

Pit 475431APPI3FU 2alt xlsFU2SDRC-Intake 1-72
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TABLE t3-t3a

FU2 Impoundment/Dztch Sediment -Hypothetical Future Industnal Worker Scenano

Memphis Depot Main Instsllatton RI

488 468

Ingestion:
CDI = * * * * *

BW*AT

Csd = Concentration in sedtment (mg/kg)
IR = Ingestion Rate (rag/day)
FI = Fraction ingested (umtless)

EF = Exposure Frequency (day/year)

ED = Exposure Durahon (year)
CF = Convers=on Factor (kg/mg)
BW = Body We=ght (kg)

AT = Averag=ng Time (days)

Dermal:
CDI = Csd *SA * AF * ABS ° ET * EF * ED * CF

BW*AT

Csd = Concentration m sedrment (mg/kg)
SA = Surface Area (cm2) - wading

AF = Sod-Skin Adherence Factor (mg/cm2)

ABS = Absorptzon Factor (umtless)
ET = Exposure T~me (4 hours per 8 hour workday)
EF = Exposure Frequency (day/year)
ED = Exposure Duratton (year)
CF = Converston Factor (kg]mg)
BW = Body Wetght (kg)
AT = Averaging Ttme (days)

Inhalatton: No values avatlable for inhalation pathway

Carcinogenic Noncarcinogenic

EPC EPC

50a, b 50a, b

1 1

50 = 50 I
25 d 25 d

1 00E-06 1.00E-06

7O d 70 d

25550 d 9125 d

EPC EPC
2679 e,f 2679 e,f

0 1 g,f 0.1 g,f
(Chemical Specff=c) (Chem=cal Specific) 

05c O.5c
50 i 50 i
25 d 25 d

1 00E-06 1 00E-06

70 d 70 d

25550 d 9125 d

References:
a = Supplemental Guidance to RAGS Regton 4 Bulletins, Human Health Risk Assessment, Intenm, November 1995
b = A conservat=ve ingestion rate based on industrial sod =ntake is assumed
c = 2 hours of an 8-hour workday ts assumed to be spent outdoors in the contaminated areas based on the nature of the actlwty
d = U S EPA, Human Health Evaluatton Manual, Supplemental Guzdance "Standard Default Exposure

Factors," OSWER Dzrecttve 9285 6-03, March 25, 1991

e = Surface area of hands, 1/2 arms and face (1/2 head) of an adult worker
f = U S EPA Exposure Factors Handbook, August 1997.
g = AF calculated for sod adherence can be found in Appendtx G.

h = Chemical-specific absorption factors are found m Appendix G

t = Once a week =s assumed to be spent outdoors in the contaminated areas based on the nature of the aetzwty

PI147543/APPI3FU2aI[ xlsFU2SDIW-Intake 1-75
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TABLE’I3-14a

FU2 Sediment -Hypothetical Current/Future Maintenance Worker Scenanc
Memphis Depot Main Installation RI

Ingestion:
CDI = .....

BW*AT
Ced = Concentration m sed,rnent (mg/kg)
IR = Ingestion Rate (mg/day)

FI = Fraction Ingested (unltless)
EF = Exposure Frequency (day/year)

ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)

AT = Averaging Time (days)

Dermal:

CDI = Csd *SA * AF * ABS * ET * EF * ED * CF

BW * AT

Csd = Concentration in sediment (mg/kg)
SA = Surface Area (cm2) - wading
AF = Soil-Skin Adherence Factor (mg/cm2)

ABS = Absorption Factor (un~tless)

ET = Exposure Time (4 hours per 8 hour workday)

EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)

CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Inhalation: No values available for inhalation pathway

Carcinogenic Noncarcinooenic

EPC EPC
50a, b 50a, b

1 1
12d 12d
25 e 25 e

1.00E-06 1.00E-06
70 e 70 e

25550 e 9125 e

EPC EPC
2679 f,g 2679 f,g

01 g,h 01 g,h
(Chemical Specific) (Chemical Specific) 

0.5 c 0.5 c
12d 12d
25 e 25 e

1 00E-06 1 00E-06
70 e 70 e

25550 e 9125 e

References:
a = Supplemental Guidance to RAGS: Region 4 Bulletins, Human Health Risk Assessment, Intenm, November 1995
b = A conservabve mgestton rate based on industrial soil intake is assumed

c = Half a workday is assumed to be spent outdoors in the contaminated areas based on the nature of the activity.
d = Once a month maintenance actwtty throughout the year ts assumed
e = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure

Factors," OSWER Directwe 9285 6-031 March 25, 1991.
f = Surface area of hands, 1/2 arms and face (1/2 head) of an adult worker
g = U S.EPA Exposure Factors Handbook, August 1997.
h = AF calculated for soft adherence can be found in Appendix G

t = ChemEcal-speclfic absorptton factors are found m Appendtx G

P/147543/APPI3FU2al~ xlsFU2SDMW-tntake 1-78
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TABLE 13-15a

FU2 Surface Water- Hypothetcal Future Recreabonal (Youth) Scenano
Memphis Depot Ma~n Installatten RI

,, 488
/

474

Ingestion: Carcinogenic Noncarcmooemc

CDI= Csw ° IR " ET* EF* ED
BW * AT

Csw = Concentration =n surfacewater (rag/L) EPC EPC
IR = Ingestion Rate (L/hour) - wading 0 05 a 0 05 a
ET = Exposure Time (hours/day) 6 b 6 b
EF = Exposure Frequency (day/year) 45 a 45 a
ED = Exposure Duration (year) 10 a 10 a
BW = Body Weight (kg) 45 a 45 a
AT = Averaging T=rne (days) 25550 a,c 3650 a,c

Dermat,
CDI = Csw *SA * PC * ET * EF * ED * CF

BW" AT
Csw = Concentration m surfacewater (rag/L) (EPC) (EPC)
SA= Surface Area (cm2) - wading 13118 d 13118 d
PC = Dermal PeEPCablhty Constant (cm/hr) (Chemical Specd]c) (Chemical Specific) 
ET = Exposure Time (hours/day) 6 b 6 b
EF = Exposure Frequency (day/year) 45 a 45 a
ED = Exposure Durabon (year) 10 a 10 a
CF = Conversion Factor (L/cm3) 1 00E-03 1 00E-O3
BW = Body Weight (kg) 45 a 45 a
AT = Averaging Time (days) 25550 a,c 3650 a,c

Inhalation: Not an applicable pathway

References
a = Values suggested by Supplemental Gutdance to RAGS Region 4 Bulletins, Human Health Risk Assessment, Interim, November 1995
b = 6 hours per a 24 hour day are assumed to be spent in Depot retention ponds for recreation
c = U S EPA, Human Health Evaluahon Manual, Supplemental Guidance "Standard Default Exposure

Factors," OSWER Directwe 9285 6-03, March 25, 1991
d = Total Body Surface Area represents whole body (average of male & female youths), calculated from data withdrawn trom U S EPA

Exposure Factors Handbook, August 1997
e = Dermat PeEPCabdlty Constant for water (0 001 ) used for constituents without a PC value, all values adapted from U S EPA

Dermal Exposure Assessment PnncipIes and Apphcatlons, Januar,/1992 (see Appendix G)

P/147543,’AP P~3 FU2all xlsFU2SWRY-Intake 1-81
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TABLE 13-16a
FU2 Surface Water- Hypothetcal Future Recreational (Adult) Scenano

Memphts Depot Mash Installation R/

ingestion: Carclnooenlc Noncarcmonenm
CDI = Csw* IR ° ET* EF* ED

BW * AT
CSW = Concentrahon =n surfacewater (mg/L) EPC EPC
IR = Ingeshon Rate (L/hour) - wading 0 05 a 0 05 a
ET = Exposure Time (hours/day) 6 b 6 b
EF = Exposure Frequency (day/year) 45 a 45 a
ED = Exposure Durabon (year) 30 a 30 a
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a,c 10950 a,c

Oermah
CDI = Csw *SA * PC * ET * EF * ED " CF

BW * AT
CSW = Concentration ,n sudacewater (rag/L) (EPC) (EPC)
SA = Surface Area (cm2) - wad=ng 20000 d 20000 d
PC = Dermal PeEPCabd=ty Constant (cm/hr) (Chem=cal Specific) (Chemical Speafic) 
ET = Exposure Time (hours/day) 6 b 6 b
EF = Exposure Frequency (day/year) 45 a 45 a
ED = Exposure Durabon (year) 30 a 30 a
CF = Conversion Factor (L/cm3) 1 00E-03 1 00E-03
BW = Body We=ght (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a,c 10950 a,c

Inhalation: Not an apphcable pathway

References.
a = Values suggested by Supplemental Guidance to RAGS Region 4 Bulletins, Human Health Risk Assessment, Intenm, November 1995
b = 6 hours per a 24 hour day are assumed to be spent m Depot retention ponds for recreation
c = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure

Factors," OSWER Directwe 9285 6-03, March 25, 1991
d = Total Body Surface Area represents whoIe body (average of male & female adults), calculated from data withdrawn from U S EPA

Exposure Factors Handbook, August 1997
e = Dermal PeEPCabddy Constant for water (0 001) used for constituents without a PC value, all values adapted from U S EPA

Dermal Exposure Assessment Pnnciples and Apphcatlons, January 1992 (see Appendix G)

P/1475431APPI3FU2aH JdSFU2SWRA-Int ake 1-84
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TABLE 13-17a

FU2 Surface Water- Hypothebcal Future Recreabonal (Chdd} Sceneno
Mernphs Depot Math Installatson RI

Ingestion:
CDI= CFw*IR* ET* EF* ED

BW * AT
Csw = Concentrabon in surfacewater (rag/L)
IR = Ingest=on Rate (L/hour) - wading
ET = Exposure Ttme (hours/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Averaging Time (days)

Carclno_oenic Noncarcinoaenlc

EPC EPC
005a 005a

6a 6a
45 a,b 45 a,b

6a 6a
15a 15a

25550 a,c 2190 a,c

Dermal:
CDI = * * * * * *

BW * AT
Csw = Concentration m surfacewater (mg/L) (EPC) (EPC)
SA = Surface Area (cm2) - wading 6557 d 6557 d
PC = Dermal PeEPCabihty Constant (cm/hr) (Chemical Bpectftc) (Chemical Specific) 
ET = Exposure T~me (hours/day) 6 a 6 a
EF = Exposure Frequency (day/year) 45 a 45 a
ED = Exposure Buratton (year) 6 a 6 a
CF = Conversion Factor (L/cm3) 1 00E-03 100E-03
BW = Body Weight (kg) 15 a 15 a
AT = Averaging Time (days) 25550 a,c 2190 a,c

Inhalation: Not an apphcable pathway

References.
a = Values suggested by Supplemental Guidance to RAGS Regton 4 Bulletins, Human Health RJsk Assessment, Infenm, November 1995
b = 6 hours per a 24 hour day are assumed to be spent m Depot retention ponds for recreation
c = U S EPA, Human Health Evaluatton Manual, Supplemental Guidance "Standard Default Exposure

Factors," OSWER Dtrective 9285 6-03, March 25, 1991
d = Total Body Surface Area represents whole body (average of male & female chtldren), calculated from data withdrawn from U S EPA

Exposure Factors Handbook, August 1997
e = Dermal PeEPCabihty Constant for water (0 001 ) used for constituents wtthout a PC value, all values adapted from U S EPA

Dermal Exposure Assessment Principles and Apphcatlons, January 1992 (see Appendix G’,

PI14754a’APPI3FU2all xlsFU2SWRC-Intake 1-87
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TABLE 13-18a

FU2 Surface Water - Hypothetical Future Industnal Worker Scenanc

Memphis Depot Ma~n Instal/atJon RI

Ingestion:

CDI = Csw * IR * ET * EF * ED
BW * AT

Csw = Concentration in surfacewater (rag/L)
IR = IngestKon Rate (!.Jhour) - wading

ET = Exposure Time (hours/day)
EF = Exposure Frequency (day/year)

ED = Exposure Duration (year)

BW = Body Weaght (kg)

AT = Averaging Time (days)

Dermal:
CDI = Csw *SA * PC * ET * EF * ED * CF

BW * AT
Csw = ConcentratJon tn surfacewater (mg/L)

SA = Surface Area (cm2) - wading

PC = Dermal PeEPCabthty Constant (cm/hr)
ET = Exposure Time (hours/day)
EF = Exposure Frequency (day/year)

ED = Exposure Durahon (year)
CF = Convers=on Factor (L/cm3)
BW = Body Weight (kg)

AT = Averaging Time (days)

Inhalation: No values available for inhalation pathway

Carcinoaenic Noncarcinoaenic

EPC EPC
0.01 a 0 01 a

4b 4b
50 g 50 g

25 c 25 c
70 c 70 c

25550 c 9125 c

(EPC) (EPC)
2679 d,e 2679 d,e

(Chemical Specific) (Chemical Specific) 
4b 4b

50 g 50 g
25 c 25 c

1 00E-03 1 00E-03
70 c 70 c

25550 c 9125 c

a = Supplemental Guidance to RAGS Region 4 Bulletms, Human Health Risk Assessment, Interim, November 1995
b = Half a work-day ts assumed to be spent rn the lake/pond wh~le working.
o = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure

Factors" OSWER D~rectwe 9285.6-03, March 25, 1991.
d = U S EPA Exposure Factors Handbook, August 1997

e = Surface area of hands, 1/2 arms, and face (1/2 head) of an adult worker is assumed to be same for sediment
and surfacewater

f = Dermal PeEPCabthty Constant for water (0 001) used for constituents without a PC value, all values adapted from

U S. EPA Dermal Exposure Assessment. Pnnclples and Apphcat~ons, January 1992. (see Appendix G)

9 = Once a week m assumed to be spent outdoors in the contaminated areas based on the nature of the actlwty

P/147543/APPI3FU2all x~sFU2SWlW-Intake 1-90
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TABLE 13-19s

FU2 Surface Water - Hypothetical Currenl/Future Maintenance Worker Scenario

Memphis Depot Ma~n Installation RI

488 486

Ingestion:

CDI = ....
BW * AT

Csw = Concentration in surfacewater (mg/L)

IR = Ingestion Rate (L/hour) - wading

ET = Exposure Time (hours/day)

EF = Exposure Frequency (day/year)

ED = Exposure Duration (year)

BW = Body Weight (kg)

AT = Averaging Time (days)

Dermal:
CDI = Csw *SA * PC * ET * EF * ED * CF

BW * AT

Csw = Concentration in surfacewater (rag/L)
SA = Surface Area (cm2) - wading

PC = Dermal PeEPCablllty Constant (cm/hr)

ET = Exposure Time (hours/day)
EF = Exposure Frequency (day/year)

ED = Exposure Duration (year)

CF = Conversion Factor (IJcm3)
BW = Body Weight (kg)
AT = Averaging Time (days)

Inhalation: No values available for inhalation pathway

Carcinogenic Noncarcinooenlc

EPC EPC

0 01 a 0.01 a
4b 4b

12 c 12 c
25 d 25 d

70 d 70 d

25550 d 9125 d

(EPC) (EPC)

2679 e,f 2679 e,f
(Chemical Specific) (Chemical Specific) 

4b 4b

12c 12c
25 d 25 d

1 00E-03 1.00E-03

70 d 70 d
25550 d 9125 d

References:
a = Supplemental Guidance to RAGS Region 4 Bulletins, Human Health Risk Assessment, Interim, November 1995

b = Half a work-day is assumed to be spent m the lake/pond while samphng/mamtenance.
c = Once a month maintenance activity at lake/pond throughout the year.

d = U S EPA, Human Health Evaluation Manual, Supplemental Guidance. "Standard Default Exposure
Factors" OSWER D=rectlve 9285.6-03, March 25. 1991.

e = U S EPA Exposure Factors Handbook, August 1997.

f = Surface area of hands, 1/2 arms, and face (1/2 head) of an adult worker is assumed to be same for sediment
and surfacewater

g = Dermal PeEPCablhty Constant for water (0.001) used for constituents without a PC value; all values adapted from

U S EPA Dermal Exposure Assessment Pnnclples and Apphcat=ons, January 1992 (see Appendix G)

Pit 47543/APPI3FU2all xlsFLI2SWMW-lntake 1-93
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TABLE 14-1a
FU3 Surface Sotl -Hypothetzcal Future Industrial Worker Scenano
Memphis Depot Mazn Installation RI

t

488

i L

492

Ingestion:
CDI= Cs*IR* FI* EF* ED*CF

BW * AT
Cs = Concentration in sod (mg/kg)
IR = Ingeshon Rate (rag/day)
FI = Fraction Ingested (unitless)
EF = Exposure Frequency (day/year)
ED = Exposure Durahon (year)
CF = Convers=on Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging T=me (days)

Dermal:
CDI = Cs*SA*AF*ABS*ET*EF*ED*CF

Carcinoqenic Noncarcinonenic

EPC EPC
50 a 50 a
1 1

250 a 250 a
25 a 25 a

1 00E-06 1 00E-06
70 a 70 a

25550 a 9125 a

BW * AT
CS = Concentration in soil (mg/kg) EPC EPC

SA = Surface Area (cm2) 2679 c,d 2679 c,d

AF = SotI-Skm Adherence Factor (mg/cm2) 0 03 c,e 0 03 c,e
ABS = Absorption Factor (um6ess) (Chemical Specific) (Chemical Spec=fic) 
ET = Exposure T=me (8 hours per 8 hour workday) 1 b 1 b
EF = Exposure Frequency (day/year) 250 a 250 a
ED = Exposure Durabon (year) 25 a 25 a
CF = Conversion Factor (kg/mg) 1 00E-06 1 00E-06
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 9125 a

Inhalation:
CDI= Cs * (1/PEF) * IR *ET*EF* 

BW * AT
Cs = Concentration in sod (mg/kg) EPC
PEF = Part=culate Emtssmn Factor (m3/kg) 1.32E+09 g
VFind = Volatihzation Factor (m3/kg) (Chemical Specific) 
IR = Inhalahon Rate (m3/day) 20 a
ET = Exposure Time (8 hours per 8 hour workday) 1 b
EF = Exposure Frequency (day/year) 250 a
ED = Exposure Durahon (year) 25 a
BW = Body Wmght (kg) 70 a
AT = Averaging T~me (days) 25550 a

for volatdes"
Cs * ((1NFind)+(I/PEF)) * IR * ET * EF 

BW * AT
EPC

1 32E+09 g

(Chemical Specific) 
20 a
lb

250 a
25 a
70 a

9125 a

References:
a = U.S EPA, Human Health Evaluation Manual, Supplemental Gurdance. "Standard Default Exposure

Factors" OSWER DLrecttve 9285 6-03, March 25, 1991
b = Time spent outdoors in the contaminated areas using best professional judgement, based on the nature of the activity
c = U.S. EPA Exposure Factors Handbook, August 1997
d = Surface area of 1/2 head, forearms and the hands of an adult worker
e = AF calculated for SOLI adherence can be found In Appendix L
f = Chemzcal-spectflc absorption factors are found tn Appendix L
g = Parbculate emission factor (PEF), adapted from U.S.EPA, Soil Screening Guidance Technical Background

Document, May-1996.
h =tndustnal volatdizabon factor (VFmd) adapted from FDEP Brownfields Table 4, Chapter 62-777, F A C.,

December 1998

P \147543JAPPI4FU3aI~ xls/S$1W-lntake 1-99
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TABLE 14-2a
FU3 Surface Sod -Hypothetical Current/Future Maintenance Worker Scenano

Memphis Depot Main Installation RJ

Ingestion:
CDI= Cs* IR* FI* EF* ED* CF

BW * AT
Cs = Concentration Ln soil (mg/kg)
IR = Ingestion Rate (mg/day)
FI = Fraction Ingested (unltless)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Dermal:
CDI = Cs*SA* AF* ABS*ET* EF* ED*CF

Carcinoqenic Noncarcinoqenic

EPC EPC
50 c 50 c

0.5 0.5
50 d 50 d
25 a 25 a

1.00E-06 1.00E-06
70 a 70 a

25550 a 9125 a

BW * AT
Cs = Concentration in soil (mg/kg) EPC EPC
SA = Surface Area (cm2) 2679 e,f 2679 e,f
AF = Sod-Skin Adherence Factor (mg/cm2) 0.03 e,g 0.03 e,g
ABS = Absorption Factor (unltless) (Chemical Specific) (Chemical Specific) 
ET = Exposure Time (8 hours per 8 hour workday) 1 b 1 b
EF = Exposure Frequency (day/year) 50 d 50 d
ED = Exposure Duration (year) 25 a 25 a
CF = Conversion Factor (kg/mg) 1.00E-06 1.00E-06
BW = Body Wetght (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 9125 a

Inhalation:
CDI= Cs* (1/PEF) * IR * ET* EF* 

BW * AT
Cs = Concentration in soil (mg/kg) EPC

3PEF = Particulate Emission Factor (m/kg) 1 32E+09
VFmd = Volatilization Factor (m3/kg) (Chemical Spectfic) 

IR = Inhalation Rate (m3/day) 20 a
ET = Exposure Time (8 hours per 8 hour workday) 1 b
EF = Exposure Frequency (day/year) 50 d
ED = Exposure Duration (year) 25 a
BW = Body Weight (kg) 70 a
AT = Averaging Time (days) 25550 a

for volat~les.
Cs * ((1/VFind)+(I/PEF)) * IR * ET * ED

BW * AT
EPC

1 32E+09 i
(Chemical Specific) 

20 a
lb

50 d
25 a
7O a

9125 a

References:
a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance’ "Standard Default Exposure

Factors" OSWER Directive 9285.6-03, March 25, 1991.
b = Time spent outdoors m the contaminated areas based on the nature of the actiwty, assuming full workday.
c = Supplemental Guidance to RAGS: Region 4 Bulletins, Human Health Risk Assessment, Interim, November 1995.
d = Maintenance activity assumed to be once a week throughout the year (excluding vacation).
e= U S EPA Exposure Factors Handbook, August 1997
f = Surface area of 1/2 head, forearms and the hands of an adult worker.
g = AF calculated for soil adherence can be found Jn Appendix L
h = Chemical-specific absorption factors are found in Appendix L.
L = Particulate emission factor (PEF), adapted from U S.EPA, Soil Screening Guidance. Technical Background

Document, May 1996
j = Industnal volatihzebon factor (VFmd) adapted from FDEP Brownfields Table 4, Chapter 62°777, F A C.,

December 1998.
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TABLE 14-3a
FU3 Sod Column -Hypothebca] Future Industnal Worker Scenano

Memphis Depot Main Installation R/

488 498

Ingestion:
CDI= Ca"IR * FI * EF* ED "CF

Carcinoqenlc Noneareinoqenic

BW * AT
Cs = Concentration =n soil (mg/kg) EPC EPC
IR = Ingestion Rate (mg/day) 50 a 50 a
FI = Fraction Ingested (unltless) 1 1
EF = Exposure Frequency (day/year) 250 a 250 a
ED = - Exposure Duratton (year) 25 a 25 a
CF = Conversion Factor (kg/mg) 1 00E-06 1 06E-06
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Ttme (days) 25550 a 9125 a

Cs *SA * AF * ABS * ET * EF * ED * CF
Dermal:
CDI =

BW*AT
Cs = Concentration m sod (mg/kg) EPC EPC
SA = Surface Area (cm2) 2679 c,d 2679 c,d
AF = Sod-Sk=n Adherence Factor (mg/em2)

0 03 c,e 0.03 c,e
ABS = Absorpbon Factor (umtless) (Chemical Spac#tc) (Chemtcal Spectfic) 
El" = Exposure Time (8 hours per 8 hour workday) f b 1 b
EF = Exposure Frequency (day/year) 250 a 250 a
ED = Exposure Durat=on (year) 25 a 25 a
CF = Conversion Factor (kg/mg) 1 60E-06 1 00E-06
BW = Body Weight (kg) 70 a 70 a
AT = Averaging T=me (days) 25550 a 9125 a

Inhalation:
CDI= Cs* (1/PEF) * IR * ET* EF* 

BW*AT
Cs = Concentration in soil (mg/kg) EPC
PEF = Particulate Emlss~on Factor (m3/kg) 1 32E+09 g

VFind = Volatihzatton Factor (m3/kg) (Chemteal Specthc) 
IR = InhaEahon Rate (mS/day) 20 a
ET = Exposure Time (8 hours per 8 hour workday) 1 b
EF = Exposure Frequency (day/year) 250 a
ED = Exposure Duratton (year) 25 a
BW = Body Wetght (kg) 70 a
AT = Averaging Time (days) 25550 a

for volatges.

Cs * f(1NFind’~+(I/PEF)) * IR * ET * EF 
BW*AT

EPC
1 32E+09 g

(Chem=cal Specific) 

20 a
lb

250 a
25 a
70 a

9125 a

References:
a = U S EPA, Human Health Evaluatton Manual, Supplemental Gutdance. "Standard Default Exposure

Factors" OSWER Directive 9285 6-03, March 25, 1991
b = T~me spent outdoors in the contaminated areas using best professional ludgement, based on the nature of the act=wty.
c = U S EPA Exposure Factors Handbook, August 1997
d = Surface area of 1/2 head, forearms and the hands of an adult worker.
e = AF calculated for sod adherence can be found Jn Appendix L
f = Chernicai-specthc absorphon factors are found m Append=x L
g = Particulate em~sston factor (PEF), adapted from U.S EPA, Sod Screening Guidance Techncal Background

Document, May 1996.
h = Industnal volahhzahon factor (VFtnd) adapted from FDEP Brownhelds Table 4, Chapter 62-777, F A C.,

December 1998.

P \147543VAPPi4FU3afl xlstSBIW.Intake 1-105
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488 50I

TABLE
FU3 Surface Soil- Hypothetical Future On-Sde ResLdent~al (Adult) $cenano
Memphss Depot Main Installation RI

Ingestion:
Intake for non.carcinogenic compounds
CDI= Cs*IR*FI’EF°ED*CF CDladl= Cs’FI’EF*CF*IR.~,

BW * AT AT
Cs = Concentration in soil (mg/kg) EPC
IR = Ingestion Rate (mg/day) N/A
IR=j = Age-adjusted Ingestion Rate (rag - year)/(kg - day) 114 29 a,b
FI = Frachon Ingested (umgess) 1
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) N/A
CF = Conversion Factor (kg/mg) 1 00E-06
BW = Body Weight (kg) N/A
AT = Averaging Time (days) 25550 a

Dermal:
Intake for non-carcmogemc compounds
CDI = Cs * SA * AF * ABS * ET" EF ° ED" CF

BW" AT
Cs = Concentration in sod (mg/kg)
SA = Surface Area (cm2)

SA,,dj = Age-adNsted Surface Area (cm2 - year)/(kg)

AF = Sod-Skin Adherence Factor (mg/cm2)

ABS = Absorptton Factor (unltless)
ET = Exposure Time (4 hours per 24-hour day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body We=ght (kg)
AT = Averaging Trine (days)

Inhalation:
Intake for non*carcmogemc compounds
CDI= Cs*(1/PEF’I*IR Inh *ET*EF*ED

Carcinoqenic Noncarcinoaenm

Age-specific retake (for carcinogenic compounds only)

EPC
100 a
N/A

1
350 a
30 a

1 00E-06
70 a

10950 a

Age-spec=hc retake (for carcmogemc compounds only)
Cs * SA.,,,* AF * ABS * ET * EF ° CF

AT
EPC EPC
N/A 5049 d,e

2671 d,e,f N/A
0 03 d,g O 03 d,g

(Chem=cal Specific) (Chem=cal Specific) 
0167c 0167c

350 a 350 a
N/A 30 a

I 0OE-06 1 00E-06
N/A 70 a

25550 a 10950 a

BW*AT
Cs = Concentration m soil (mg/kg) EPC EPC
PEF = Parhculate Emission Factor (mS/kg) 1 32E+09 I 1 32E+09 i
IR_lnh = Inhalation Rate (m3/day) N/A 20 a

sIR Inh,aj = Age-adjusted Inhalation Rate (m - year)/(kg - day) 12 85714286 a.t N/A
ET = Exposure Time (4 hours per 24-hour day) 0 167 c 0 167 c
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) N/A 30 a
BW = Body Weight (kg) N/A 70 a
AT = Averaging T~me (days) 25550 a 10950 a

Age-specific retake (for carcinogenic compounds only)
CDI = Cs" fl/PEF} * IR Inh,~j * ET" E

AT

References:
a = U S EPA. Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure

Factors," OSWER D(rectwe 9285 6-03, March 25, 1991
b = Age-adlusted }ngestlon rate for adults, adjusted for body weight and time for carcinogenic exposure

IRadj = fRc x EDc + IRa x (EDa-EDc) 208x6 + 100x(30-6)
BWe BWa 15 70

114.29 (rng.year)/(kg.day)
c = 33me spent outdoors m the contaminated areas based on the nature of the actw~ty
d= U S EPA Exposure Factors Handbook, August 1997
e = Surface area of 1/2 head, hands, forearms, lower legs & feet of an adult
f = Age-adjusted surface area for adults, adjusted for body weight and time for carcinogenic exposure

SAadj = SAc x EDc + SAa x (EDa - EDc) 2351 x 6 + 5049 x (30-6~
BWc BWa 15 70

2671 (cm2-yeary(kg)
g = AF calculated for sol1 adherence can be found m Appendix L
h = ChemJcal-spoctfic absorphon factors are found m AppendLx L
I = Parf~culate emission factor (PEF), adapted from U S EPA, Soft Screening Guidance Techmcal Background Document, May 1996

I = Age-adjusted mhalahon rate for adults, adjusted for body weight and time for carcinogenic exposure
IR-Inhadj = IR-Inhc x EDc + IR-Inha x (EDa-EDc) = 15x6 + 28x(30-6)

BWc BWa 15 70

12 86 (m 3.year)/(kg.day)

P 14754&’AFPI4FU3all xWeSRA-Intake I-108
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488 504TABLE 14-5a

FU3 Surface SoiJ - Hypothetca] Future 0n-Site Residential (Child) Scenario
Memphis Depot Main Installation RI

Ingestion:
CDI = Cs" IR * FI * EF * ED * CF

BW*AT
Cs = Concentrat=on in so=l (mg/kg)
IR = Ingestton Rate (mg/day}
FI = Frachon Ingested (umtless)
EF = Exposure Frequency (day/yeari
ED = Exposure Duration (year)
CF= . Convermon Factor (kg/mg)
8W = Body WeEght (kg)
AT = Averaging T=me (days)

Dermal:
CDI = Cs ¯ SA* AF* ABS * ET * EF* ED* CF

BW * AT
CS = Concentrat=on in soil (mg]kg)
SA = Surface Area (crn~)

AF = So=l-Skin Adherence Factor (mg/cm2)

ABS = Absorption Factor (umtless)
ET = Exposure Time (4 hours per 24-hour day’,
EF = Exposure Frequency (day/year[
ED = Exposure Duration (year)
CF = Convers=on Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Inhalatmn:
CDI = Cs * (1/PEF) * IR * ET * EF * 

BW*AT
Cs = Concentration in sod (mg/kg)
PEF = Particulate Emlss=on Factor (m3/kg)

IR = Inhalat=on Rate (m3/day)
El" = Exposure Time (4 hours per 24-hour day’,
EF = Exposure Frequency (day/year
ED = Exposure Duration (year)
BW = Body We=ght (kg)
AT = Averaging Time (days)

Carcinoqenlc (optional)

EPC
200 a

1
350 a

6a
1 00E-06

15a
25550 a

EPC
2351 c,d

0 15 c,e
(Chemical Specific) 

0 167 b
350 a

6a
1 00E-06

15a
25550 a

EPC
1 32E+09 g

15a
0 167 b

350 a
6a

15a
25550 a

Noncarcinoqenlc

EPC
200 a

1
350 a

6a
1 00E-06

15a
2190 a

EPC

2351 c,d
0 15 c,e

(Chem¢cal Specific) 
0 167 b

350 a
6a

100E-06
15a

2190 a

EPC
1 32E+09 g

15a
0,167 b

350 a
6a

15a
2190 a

References:
a = U S EPA, Human Health Evaluatton Manual, Supplemental Gutdance "Standard Default Exposure

Factors," OSWER Dtrecttve 9285 6-03, March 25, 1991
b = T~me spent outdoors m the contaminated areas based on the nature of the actlvlt~
c= U S EPA Exposure Factors Handbook, August 1997
d = Surface area of 1/2 head, hands, forearms, lower legs & feet of a child (age 1-6 years)
e = AF calculated for sod adherence can be found m Appendix L
f = Chemmal-specfftc absorption factors are found in Appendtx L
g = Parhculate em~sston factor (PEF), adapted from U S EPA, Sod Screening Gu=dance Techntca

Back qround Document, May 1996
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TABLE 14-6a
Surrogate S~te #34 Soil Column iHypothetlcal Future Industrial Worker Scenano
Memphts Depot Mare InstallatJon RI

Ingestion:
CDI= Cs*IR* FI* EF* ED* CF

BW * AT
Cs = Concentration in soil (mg/kg)
IR = Ingestion Rate (rag/day)
FI = Fraction Ingested (unltless)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Convers¢on Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Dermal:
CDI = Cs *SA* AF* ABS * ET* EF* ED* CF

BW * AT
Cs = Concentration in Sod (mg/kg)
SA = Surface Area (cm2)

AF = Soil-Skin Adherence Factor (mg/cm2)

ABS = Absorption Factor (unltless)
ET = Exposure Time (8 hours per 8 hour workday)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging T=me (days)

Particulate Inhalation:
CDI = Cs * {I/PEF) * IR * ET * EF * ED

BW * AT
Cs = Concentrahon in Soil (mg/kg)

PEF = Particulate EmLSslon Factor (m3/kg)

IR = Inhalation Rate (m3/day)

ET = Exposure Time (8 hours per 8 hour workday)
EF = Exposure Frequency (day/yearl
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Averaging Time (days)

Carcinoaenic Noncarcinoaenic

EPC EPC
50 a 50 a
1 1

250 a 250 a
25 a 25 a

1 O0E-06 1 00E-06
70 a 70 a

25550 a 9125 a

EPC EPC
2679 c,d 2679 c,d
0 03 c,e 0 03 c,e

(Chemical Specific) (Chemical Specific) 
lb lb

250 a 250 a
25 a 25 a

1 00E-06 1 00E-06
70 a 70 a

25550 a 9125 a

EPC EPC
1 32E+09 g 1.32E+09 g

20 a 20 a
lb lb

250 a 250 a
25 a 25 a
70 a 70 a

25550 a 9125 a

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure

Factors" OSWER Directive 9285 6-03, March 25, 1991.
b = Time spent outdoors =n the contaminated areas using best professional judgement, based on the nature of the activity.
c = U S EPA Exposure Factors Handbook, August 1997
d = Surface area of 1/2 head, forearms and the hands of an adult worker.
e = AF calculated for sod adherence can be found in Appendix L
f = Chemical-specific absorption factors are found in Appendtx L
g = Particulate emission factor (PEF), adapted from U.S EPA, Soil Screening Gu}dance Technical Background

Document, May 1996

P./147543/APPI4 FU3 all xls/34SBIW-lntake 1-114
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TABLE 14-7a
Surrogate SLte #34 Soil Column -Hypothetical Current]Future Utility Worker Scenano
Memphis Depot Ma~n /nstal/atton R/

488 510

Ingestion:
CDI = Cs * IR * FI * EF * ED * CF

BW * AT
Cs = Concentration in soil (mg/kg)
IR = Ingestion Rate (mg]day)
FI = Fraction Ingested (umtless)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Dermal:
CDI = Cs*SA* AF* ABS* ET* EF" ED* CF

BW * AT
Cs = Concentration in soil (mgJkg)

SA = Surface Area (cm2)

AF = Sod-Skin Adherence Factor (mg/cm2)

ABS = Absorption Factor (umtless)
ET = Exposure Time (8 hours per 8 hour workday)
EF = Exposure Frequency (day/year)
ED = Exposure Durehen (year)
CF = Conversron Factor (kg/mg)
BW = Body Weight (kg)
AT = Averag=ng T=me (days)

Particulate Inhalation:
CDI = Cs * (1/PEF) * IR * ET * EF * 

BW * AT
Cs = Concentrat=on =n so=l (mg/kg)
PEF = Particulate Emission Factor (m3/kg)

IR = Inhalation Rate (m3/day)
ET = Exposure Time (8 hours per 8 hour workday)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Averaging Time (days)

Carcinoqenic Noncarcinoqenic

,J

EPC EPC’
100c 100c ;;.
05 05
24 d 24 d
25 a 25 a

1 00E-06 1 00E-06
70 a 70 a

25550 a 9125 a

EPC EPC

2679 e,f 2679 e,f
0.1 e,g 0 1 e,g

(Chemical Specific) (Chemical Specihc) 
lb lb

24 d 24 d
25 a 25 a

1 00E-06 1 00E-O6
70 a 70 a

25550 a 9125 a

EPC EPC
1 32E+09 i 1 32E+09 i

20 a 20 a
lb lb

24 d 24 d
25 a 25 a
79 a 70 a

25550 a 9125 a

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure

Factors" OSWER Directive 9285 6-03, March 25, 1991
b = Time spent outdoors m the contaminated areas based on the nature of the activity, assuming full workday
c = Supplemental Guidance to RAGS Reg=on 4 Bulletins, Human Health Risk Assessment, Inteem, November 1995
d = Ut=hty actwJty assumed to be twice a month throughout the year
e= U S EPA Exposure Factors Handbook, August 1997 ",
f = Surface area of 1/2 head, forearms and the hands of an adult worker
g = AF calculated for soil adherence can be found in Appendix L
h = Chemtcal-specfflc absorphon factors are found Ln Appendix L
i = Particulate emission factor (PEF), adapted from U S EPA, Soft Screening Gutdance Technical Background

Document, May 1996
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TABLE 14-8a
Surrogate Site #34 Surface Soil -Hypothetical Future Industnal Worker Scenano
Memphis Depot Math Installat,’on RI

Ingestion:
CDI= Cs*IR’FI* EF*ED* CF

BW*AT
CS = Concentration in soil (mg/kg)
IR = Ingestion Rate (mg/day)
FI = Fraction Ingested (unitless)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Dermal:
CDI = Cs*SA* AF" ABS* ET* EF* ED* CF

BW*AT
Cs = Concentration in soil (mg/kg)
SA = Surface Area (cm2)

AF = Sod-Skin Adherence Factor (mg/cm2)

ABS = Absorption Factor (umtless)
ET = Exposure Time (8 hours per 8 hour workday)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averagmg Time (days)

Particulate Inhalation:
CDI = Cs * (I/PEF) * IR * ET * EF * 

BW * AT
Cs = Concentration in soil (mg/kg)

PEF = Parhcu]ate Emission Factor (mS/kg)

IR = Inhalatton Rate (m3/day)
ET = Exposure Ttme (8 hours per 8 hour workday)
EF = Exposure Frequency (day/year)
ED = Exposure Durat=on (year)
BW = Body Weight (kg)
AT = Averagmg Time (days)

Carcinooenic Noncsrcinoqenic

EPC EPC
50 a 50 a
1 1

250 a 250 a
25 a 25 a

100E-06 1 00E-06
70 a 70 a

25550 a 9125 a

EPC EPC

2679 c,d 2679 c,d
0.03 c,e 0 03 c,e

(Chemical Specific) (Chemical Specific) 
lb lb

250 a 250 a
25 a 25 a

100E-06 1 00Eo06
70 a 70 a

25550 a 9125 a

EPC EPC
I 32E+09 g 1 32E+09 g

20 a 20 a
lb lb

250 a 250 a
25 a 25 a
70 a 70 a

25550 a 9125 a

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure

Factors" OSWER D=rect=ve 9285 6-03, March 25, 1991
b = Time spent outdoors in the contaminated areas using best professional judgement, based on the nature of the act~wty
c = U S EPA Exposure Factors Handbook, August 1997.
d = Surface area of 1/2 head, forearms and the hands of an adult worker.
e = AF calculated for soil adherence can be found tn Appendix L.
f = Chemtcal-speclhc absorptton factors are found in Appendix L.
g = Particulate emission factor (PEF), adapted from U S EPA, Sod Screemng Guidance" Techntcal Background

Document, May 1996
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TABLE 14-9a
FU3 Sump Sediment -Hypothetical Current/Future Maintenance Worker Scenano
Memphis Depot Main Installation RI

488 516

Ingestion:
CDI = Csd * IR * FI ° EF * ED * CF

BW * AT
Csd = Concentration in sediment (mg/kg)
IR = Ingestion Rate (mg/day)
FI = Fraction Ingested (umtless)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Dermal:
CDI = Csd *SA * AF * ABS * ET * EF * ED * CF

Carcinoqenic Noncarcinoqenic

EPC _ ,EPC
50a, b . ,50a, b
1 1

12 d 12 d
25 e 25 e

1 00E-06 1 00E-06
70 e 70 e

25550 e 9125 e

BW * AT
Csd = Concentration in sediment (mg/kg) EPC EPC
SA = Surface Area (cm2) - wading 2679 f,g 2679 f,g

AF = Soil-Skin Adherence Factor (mg/cm2) 0.1 g,h 0.1 g,h
ABS = Absorption Factor (un=tlesa) (Chemical Specific) (Chemical Specific) 
ET = Exposure Time (4 hours per 8 hour workday) 0 5 c 0 5 c
EF = Exposure Frequency (day/year) 12 d 12 d
ED = Exposure Duration (year) 25 e 25 e
CF = Conversion Factor (kg/mg) 100E-O6 1 00E-06
BW = Body Weight (kg) 70 e 70 e
AT = Averaging Time (days) 25550 e 9125 e

Inhalation: No values available for inhalation pathway

References:
a = Supplemental Guidance to RAGS. Region 4 Bulletins, Human Health R~sk Assessment, Interim, November 1995
b = A conservatwe ingestion rate based on industrial sod retake =s assumed.
e = Half a workday =s assumed to be spent outdoors in the contamvnated areas based on the nature of the activity
d = Once a month maintenance actlwty throughout the year is assumed.
e = U S EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure

Factors," OSWER Directive 9285.6-03, March 25, 1991
f = Surface area of hands, 1/2 arms and face (1/2 head) of an adult worker
g = U S EPA Exposure Factors Handbook, August 1997.
h = AF calculated for sod adherence can be found in Appendix L

i = Chemical-specific absorption factors are found in Appendix L.
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TABLE 14-10a
FU3 Sump Sedlrnent -Hypothetical Future Industrial Worker Scenario
Memphis Depot Math Installation RI

Ingestion:
CDI = Csd * IR * FI * EF * ED" CF

BW * AT
Csd = Concentration in sediment (mg/kg)
IR = Ingestion Rate (mg/day)
FI = Fraction Ingested (unltless)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Wetght (kg)
AT = Averaging Time (days)

Dermal:
CDI = Csd *SA * AF * ABS * ET * EF * ED * CF

BW * AT
Csd = Concentration in sediment (mg/kg)
SA = Surface Area (cm2) - wading
AF = Sod-Skin Adherence Factor (mg/cm2)

ABS = Absorption Factor (unltless)
ET = Exposure Time (4 hours per 8 hour workday)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Inhalation: No values available for inhalation pathway

Careinoqenlc Noncarcino,qenic

EPC EPC
50a, b 50a, b
1 1

250 d 250 d
25 d 25 d

1.00E-06 1.0OE-06
70 d 70 d

25550 d 9125 d

EPC EPC
2679 e,f 2679 e,f

0.1 g,f 0 1 g,f
Chemical Specific) (Chemical Specific) 

0.5 c 0.5 c
250 d 250 d
25 d 25 d

1.00E-06 1.00E-06
70 d 70 d

25556 d 9125 d

References:
a = Supplemental Guidance to RAGS: Region 4 Bulletins, Human Health Risk Assessment, Interim, November 1995.
b = A conservative ingestion rate based, on industrial sod intake is assumed
c = Half a workday is assumed to be spent outdoors in the contaminated areas based on the nature of the activity.
d = U.S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure

Factors," OSWER Directive 9285 6-03, March 25, 1991.
e = Surface area of hands, 1/2 arms and face (1/2 head) of an adult worker
f = U.S EPA Exposure Factors Handbook, August 1997
g = AF calculated for soil adherence can be found in Appendix L
h = Chemical-specific absorption factors are found in Appendix L
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TABLE 15-1 a

FU4 Sudace Soil -Hypothetical Future Industnal Worker Scenano

Memphts Depot Main tnstallattoe RI

488 524

Ingestion:
CDI = .....

BW * AT

CS = Concentration in soil (mg/kg)

IR = Ingestion Rate (mg/day)

FI = Fraction Ingested (unltless)

EF = Exposure Frequency (day/year)

ED = Exposure Duration (year)

CF = Conversion Factor (kg/mg)

BW = Body Weight (kg)
AT = Averaging Time (days)

Carcino_oenic Noncarcinogenic

EPC EPC

50 a 50 a

1 1

250 a 250 a

25 a 25 a

1.00E-06 1 ¯00E-06
70a 70a

25550 a 9125 a

Dermal:
CDI = Cs*SA* AF* ABS* ET* EF* ED* CF

BW " AT
CS = Concentration in soil (mg/kg) EPC EPC

SA = Surface Area (cm2) 2679 c,d 2679 c,d

AF = Soil-Skin Adherence Factor (mg/cm2) 0 03 c,e 0 03 c,e

ABS = Absorption Factor (unitless) (Chemical Specific) (Chemical Specific) 

ET = Exposure Time (8 hours per 8 hour workday) 1 b 1 b

EF = Exposure Frequency (day/year) 250 a 250 a

ED = Exposure Duration (year) 25 a 25 a

CF = Conversion Factor (kg/mg) 1 00E-06 100E-06

BW = Body Weight (kg) 70 a 70 a

AT = Averaging Time (days) 25550 a 9125 a

for volables

Ce * ((1NFind)+(I/PEF)) * IR * ET * EF 
BW*AT

Inhalation:
CDI = Cs * (IlPEF) * IR ET" EF* ED

BW * AT
Cs = Concentration in soil (mg/kg) EPC EPC

PEF = Particulate Emission Factor (m3/kg) 1 32E+09 g 1 32E+09 g

VFind = Volatlhzahon Factor (m3/kg) (Chemical Specific) (Chemical Speclhc) 

IR = Inhalation Rate (m3/day) 20 a 20 a

ET = Exposure Time (8 hours per 8 hour workday) 1 b 1 b

EF = Exposure Frequency (day/year) 250 a 250 a

ED = Exposure Duration (year) 25 a 25 a

BW = Body Weight (kg) 70 a 70 a

AT = AveraQinQ Time (days) 25550 a 9125 a
References:
a = EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure

Factors" OSWER Directive 9285 6-03, March 25, 1991
b = Time spent outdoors in the contaminated areas using best professional judgement, based on the nature of the actCwty
c = EPA Exposure Factors Handbook, August 1997¯

d = Surface area of 1/2 head, forearms and the hands of an adult worker¯
e = AF calculated for soil adherence can be found m Appendix G.
f = Chemical-specific absorption factors are found in Appendix G.
g = Particulate emission factor (PEF), adapted from U.S.EPA, So11 Screening Guidance. Technacal Background

Document, May 1996
h = Industnal volat=hzatlon factor (VFmd) adapted from FDEP Brownfields Table 4, Chapter 62-777, F A 

December 1998.

P J147543JAPPSFU4all xts/FU4SSIW-lntake 1-13t
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TABLE IS-2a :

FU4 So[] Co]umn -Hypothehcal Future fndustnal Worker Scenano

Memphis Depot Main Installa~n RI

Carcinoaenic
Ingestion:

CDI= Cs* IR" FI* EF* ED* CF
BW * AT

Cs = Concentration In soil (mg/kg)
IR = Ingestion Rate (mg/day)
FI = Fraction Ingested (umtless)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)

BW = Body Weight (kg)

AT = Averaging Time (days)

Noncarcinoaenic

EPC EPC
50 a 50 a

1 1
250 a 250 a
25 a 25 a

1 00E-06 1 00E-06
70 a 70 a

25550 a 9125 a

Dermal:
CDI = Cs *SA * AF * ABS * ET * EF * ED * CF

BW * AT
Cs = Concentration in sod (mg/kg) EPC EPC
SA = Surface Area (cm2) 2679 c.d 2679 c,d
AF = Soil-Skin Adherence Factor (mg/cm2) 0.03 c,e 0 03 c,e
ABS = Absorption Factor (unitless) (Chemical Specific) (Chemical Specific) 
ET = Exposure Time (8 hours per 8 hour workday) 1 b 1 b
EF = Exposure Frequency (day/year) 250 a 250 a
ED = Exposure Duration (year) 25 a 25 a
OF = Conversion Factor (kg/mg) 1 OOE-06 1 00E-06
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 9125 a

Inhalation:
CDI= Cs * (I/PEF~* IR * ET* EF* ED

BW * AT
Cs = Concentration in soil (mg/kg)
PEF = Particulate Emission Factor (m3/kg)
VFind = Volatilization Factor (m3/kg)
IR = Inhalation Rate (m3/day)
ET = Exposure Time (8 hours per 8 hour workday)

EF = Exposure Frequency (day/year)
ED = Exposure Durahon (year)
BW = Body Weight (kg)
AT = Averagm9 Time (days)
References:

for volat/les

Cs * (fl/VFind~+(I/PEF)) * IR ET* EF * E_D
BW * AT

EPC EPC
1.32E+09 g 1.32E+09 g

(Chemical Specific) (Chemical Specific) 
20 a .20 a
lb lb

250 a 250 a
25 a 25 a
70 a 70 a

25550 a 9125 a

a = EPA, Human Health Evaluation Manual, Supplemental Guidance. "Standard Default Exposure

Factors" OSWER Direcbve 9285.6-03, March 25, 1991.
b = Time spent outdoors in the contaminated areas using best professional judgment, based on the nature of the activity

c = EPA Exposure Factors Handbook, August 1997
d = Surface area of 1/2 head, forearms and the hands of an adult worker
e = AF calculated for soil adherence can be found m Appendix G

f = Chemical-specific absorption factors are found in Appendix G
g = Particulate emission factor (PEF), adapted from EPA, Soil Screening Guidance: Technical Backgroun¢

Document, May 1996.
h = Industnal volatdJzation factor (VFind) adapted from FDEP Brownflelds Table 4, Chapter 62-777, F.A.C.

December 1998

P J147543/APPL5FU4a[I xls/FU4SBLW-Intake 1.134
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TABLE 15-3a

FU4 Surface Soil -Hypothetical CurrentJFuture Maintenance Worker Scenano

Memphis Depot Mann Installabon Ill

488 530

Ingestion:
CDI = (;~ * IR * FI * EF * ED * CF

BW * AT
Cs = Concentration in soil (mg/kg)

IR = Ingestion Rate (mg/day)

FI = Fraction Ingested (unltless)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)

BW = Body Weight (kg)

AT = AveragLng TLme (days)

Carcino_oenic Noncarcinooenic

EPC EPC

50 c 50 c

0.5 0.5

50 d 50 d

25 a 25 a

1.00E-06 1.00E-06

70 a 70 a
25550 a 9125 a

Dermal:
CDI = Cs*SA* AF* ABS* ET* EF* ED* CF

BW*AT

Cs = Concentration in soft (mg/kg)

SA = Surface Area (cm2)
AF = Sod-Skin Adherence Factor (mg/cm2)
ABS = Absorption Factor (unltless)
ET = Exposure Time (8 hours per 8 hour workday)
EF = Exposure Frequency (day/year)

ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)

BW = Body Weight (kg)

AT = Averaging Time (days)

EPC EPC
2679 e,f 2679 e,f

0 03 e,g 0.03 e,g
(Chemical Specific) (Chemical Specific) 

lb lb
50 d 50 d
25 a 25 a

1 00E-06 1.00E-06
70 a 70 a

25550 a 9125 a

Inhalation:

CDI = Cs * (I/PEF) * IR * ET * EF" 
BW * AT

CS = Concentration In soil (mg/kg)
PEF = Particulate Emission Factor (m3/kg)

VFind = Volatihzation Factor (m3/kg)
IR = Inhalation Rate (m3/day)
ET = Exposure Time (8 hours per 8 hour workday)

EF = Exposure Frequency (day/year)

ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Avera£ln9 Time (days)
References:

for volatlles.

Cs * ((1/VFind)+(l/PEFt’l * IR * ET * EF ED
BW * AT

EPC EPC

1 32E+09 I 1.32E+09 I
(Chemical Specific) (Chemical Specific) 

20 a 20 a
lb lb

50 d 50 d

25 a 25 a

70 a 70 a
25550 a 9125 a

a = EPA, Human Health Evaluat=on Manual. Supplemental Guidance: "Standard Default Exposure

Factors" OSWER Directive 9285.6-03, March 25, 1991
b = T=me spent outdoors Ln the contaminated areas based on the nature of the activity, assuming full workday
c = Supplemental Guidance to RAGS: Region 4 Bulletins, Human Health R~sk Assessment, Interim, November 1995
d = Maintenance actwlty assumed to be once a week throughout the year (excluding vacation).

e= U S EPA Exposure Factors Handbook, August 1997
f = Surface area of 1/2 head, forearms and the hands of an adult worker.
g = AF calculated for soil adherence can be found m Append=x G.

h = Chemical-specific absorption factors are found m Appendix G
i = Part=culate em=ss=on factor (PEF), adapted from EPA, Soil Screening Gu=dance. Techmcal Background

Document, May 1996.
j = Industnal volatilization factor (VFind) adapted from FDEP Brownfields Table 4, Chapter 62-777, F A 

December 1998

P J147543/APPISFU4a]I x(s/FU4SSMW-lntake 1-137
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TABLE 15-4,1

FU4 (SS14A) Surface Soil - Hypothehca[ Fulure On-sde Respdentlal (Adult) Scenano
Memphss Depot Main Installation R/

CarclnoQeni¢ NoncarcinQuenm
Ingestion:
Intake for non-carcinogenic compounds
CDI = Cs * IR * FI * EF ° ED * CF CDladj = Cs "FI ° EF * CF * IRadj

BW * AT AT
CS = Concentration m soil (mg/kg) EPC EPC
IR = Ingestion Rate (mg/day) N/A 100 a
IRadl = Age-adlusted IngestLon Rate (mg - year)/(kg - day) 114 29 a,b N/A
FI = Fracbon Ingested (umtless) 1 1
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) N/A 30 a
CF = Conversion Factor (kg/mg) 1 00E-06 1 00E-06
BW = Body Weight (kg) N/A 70 a
AT = Averaging Time (days) 25550 a 10950 a

Age-specific intake (for carcinogenic compounds only)

Dermal
Intake for non-carcinogenic compounds
CDI= Cs ° SA*AF * ABS ° ET* EF* ED* CF

BW " AT
Cs = Concentration in sod (mg/kg)
SA = Surface Area (cm2)
SAadj = Age-adjusted Surface Area (cm2 - year)/(kg)
AF = Soil-Skin Adherence Factor (mg/cm2)
ABS = Absorphon Factor (um6ess)
ET = Exposure Time (4 hours per 24-hour day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Age-specglc intake (for carclnogemc compounds only)
Cs * SAad= * AF * ARS * ET * EF * CF

AT
EPC EPC
N/A 5049 d,e

2671 d,e,f N/A
O 03 d,g 0 03 d,g

(Chemical Specific) (Chemical Specific) 
0167c 0167c

350 a 350 a
N/A 30 a

1 00E-06 1 00E-06
N/A 70 a

25550 a 10950 a

Inhalation:
Intake for non-carcmogen=c compounds
CDI= Cs °I1/PEF~*IR Inh *ET*EF °ED

BW*AT
Cs = Concentration Jn soil (mg/kg)
PEF = Particulate Emission Factor (m3/kg)
IRInh = Inhalation Rate (m3/day)
IR_lnhadj = Age-adjusted Inhalahon Rate (m3 - year)/(kg - day)
ET = Exposure Time (4 hours per 24-hour day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Avera~lnQ Time (days)
References:

Age-specdlc retake (for carcinogenic compounds only)
CDI = Cs * I1/PEF) * IR Inhad! * ET * EF

AT
EPC EPC

1 32E+09 I 1 32E+09 I
N/A 20 a

12 85714286 a,I N/A
0 167 c 0.167 c

350 a 350 a
N/A 30 a
N/A 70 a

25550 a 10950 a

a = EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure
Factors," OSWER Directwe 9285 6-03, March 25, 1991

b = Age-adjusted mgeshon rate for adults, adjusted for body weight and time for carcinogenic exposure
IRadI = IRc x EDc + IRa x tEDa-EDc~ = 200x6 + 100x(30-6)

BWc BWa 15 70
114.29 (mg-year)/(kg-day)

c = Time spent outdoors m the contammatod areas based on the nature of the actlvdy
d= EPA Exposure Factors Handbook, August 1997
e = Surface area of 1/2 head, hands, forearms, lower legs & feet of an adult
f = Age-adjusted surface area for adults, adjusted for body weight and time for carcinogenic exposure

SAadI = SAc x EDc + SAa x (EDa - EDc~ 2351 x 6 + 5049 x t30-6t
BWc BWa 15 70

2671 (cm2-year.V(kg)
g = AF calculated for sod adherence can be found in Appendix G
h = Chemical-specific absorption factors are found m Appendrx G
i = Parhculate em=ss~on factor (PEF), adapted Irom EPA, Sod Screenm9 Guidance Technical Background Document, May 1996
j = Age-adlusted mhalabon rate for adults, adjusted for body weight and time for carcmogen*c exposure

LR-Inhadj = IR-Inhc x EDc + IR-rnha x tEDa-EDcl = 15x6 + 2_0x(30-6~
SWc BWa 15 70

12.86 (m3-yeary(k~l-day~

P U147543’APPLSFU4a~t x~tFU4SSRA-Intake 1-140
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TABLE 15-5a
FU4 (SS14A) Surface Soil- Hypothetical Future On-site Residential (Child) Scenario
Memphis Depot Main InstallatJon RI

488 536

Ingestion:
CDI = .....

BW * AT
Cs = Concentration in soil (mg/kg)
IR = Ingestion Rate (mg/day)
FI = Fraction Ingested (unitless)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Wetght (kg)
AT = Averaging Time (days)

EPC
200 a

1
350 a

6a
1.00E-06

15a
25550 a

N~Er, ar.cJ~ogclz~

EPC
200 a

1
350 a

6a
1.00E-06

15a
2190 a

Dermal:
CDI = CS * SA* AF* ABS * ET* EF* ED* CF

BW * AT
Cs = Concentrat=on in soil (mg/kg)
SA = Surface Area (cm2)
AF = Sod-Skin Adherence Factor (mg]cm2)
ABS = Absorption Factor (umtless)
ET = Exposure TLme (4 hours per 24-hour day)
EF = Exposure Frequency (day/year)
ED = Exposure Durat=on (year)
CF = Convers=on Factor (kg/mg)
BW = Body We=ght (kg)
AT = Averaging Time (days)

EPC
2351 c,d
0 15 c,e

(Chemical Specific) 
0167 b

350 a
6a

1.00E-06
15a

25550 a

EPC
2351 c,d
015 c,e

(Chemical Specific) 
0167 b

350 a
6a

1 00E-O6
15a

2190 a

Inhalation:
CDI = (~s * (I/PEF) * IR * ET * EF * 

BW * AT
Cs = Concentration m soil (mg/kg) EPC
PEF = Parhculate Emkss~on Factor (m3/kg) 1.32E+09 g
IR = Inhalation Rate (m3/day) 16 a
ET = Exposure Time (4 hours per 24-hour day) 0 167 b
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 6 a
BW = Body Weight (kg) 15 a
AT = Averaging Time (days) 25550 a
References:
a = EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure

Factors," OSWER Direchve 9285.6-03, March 25, 1991.
b = T~me spent outdoors in the contaminated areas based on the nature of the activtty.
c= EPA Exposure Factors Handbook, August 1997
d = Surface area of 1/2 head, hands, forearms, lower legs & feet of a chtld (age 1-6 years).
e = AF calculated for sod adherence can be found in Appendix G.
f = ChemicaFspeclfic absorption factors are found in Appendix G.
g = PartLculate emmsmn factor (PEF), adapted from EPA, Soil Screening Gutdance: Technical

Back.~round Document, May 1996.

EPC
1.32E+09 g

15a
0167 b

350 a
6a

15a
2t90 a

PJ147543/APR5FU4all xls/FU4SSRC-Intake [-143
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TABLE 15-6a

S~te #36 Surface Sod oHypothet~cal Future Industrial Worker Scenario

Memphis Depot Main Installation R/

Ingestion:
CDI = * * * * *

BW * AT
Cs = Concentration in soil (mg/kg)
IR = Ingestron Rate (mg/day)
FI = Fraction ingested (un=tless)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Convers=en Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Cercino _aenic Noncarcinogenic

EPC EPC
50 a 50 a
1 1

250 a 250 a
25 a 25 a

1,00E-06
70 a 70 a

a 9125 a

Dermal:
CDI = Cs *SA * AF * ABS * ET * EF * ED * CF

BW * AT
Cs = ConeentratJon in sell (mg/kg)
SA = Surface Area (cm2)
AF = Sod-Skin Adherence Factor (mg/cm2)
ABS = Absorption Factor (unltless)
ET = Exposure Tame (8 hours per 8 hour workday)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body We=ght (kg)
AT = Averaging Time (days)

EPC EPC
2679 c,d 2679 c,d
0 03 c,e 0 03 c,e

(Chemical SpecrfEc) (Chemical Specific) 
lb lb

250 a 250 a
25 a 25 a

1 00E-O6 1 00E-06
70 a 70 a

25550 a 9125 a

Particulate Inhalation:
CDI= Cs* ~I/PEF’I * IR * ET* EF* ED

BW * AT
Cs = Concentrabon in sell (mg/kg)
PEF = Particulate Emcsslon Factor (m3/kg)
IR = Inhalation Rate (m3/day)
ET = Exposure Time (8 hours per 8 hour workday)
BF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body We=ght (kg)
AT = Averagm~ Time (days)
References:

EPC EPC
1 32E+09 g 1 32E+09 g

20 a 20 a
lb lb

250 a 250 a
25 a 25 a
70 a 70 a

25550 a 9125 a

a = EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure
Factors" OSWER Direct=ve 9285 6-03, March 25, 1991

b = Time spent outdoors in the contaminated areas using best professional judgement, based on the nature of the actJwty.
c = EPA Exposure Factors Handbook, August 1997
d = Surface area of 1/2 head, forearms and the hands of an adult worker
e = AF calculated for soil adherence can be found in Appendix G
f = Chem=cal-spec~fic absorpbon factors are found in Appendix G
g = Particulate emission factor (PEF), adapted from EPA, Soil Screening GuRdance Technical Background

Document, May 1996.

P J147543]APPI5FU4all xls/36SSIW-lntake 1-146
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TABLE 15-7a

Site #36 So~I Column -Hypothetcal Future Industnal Worker Scenano

Memphis Depot Main Installation RI

488 542

Ingestion:

CDI = * * * * *
BW * AT

Cs = Concentration m soil (mg/kg)

IR = Ingestion Rate (rag/day)
FI = Fraction Ingested (unitless)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Converston Factor (kg/mg)

BW = Body Weight (kg)
AT = Averaging Time (days)

Carcinooenic Noncarcino_oenic

EPC EPC
50 a 50 a
1 1

250 a 250 a

25 a 25 a

1 00E-06 1 00E-06

70 a 70 a
25550 a 9125 a

Dermal:

CDI = Cs *SA * AF * ABS * ET * EF * ED * CF
BW * AT

Cs = Concentration in soil (mg/kg) EPC EPC

SA = Surface Area (cm2) 2679 c,d 2679 c,d

AF = Soil-Skin Adherence Factor (mg/cm2) 0 03 c,e O 03 c.e

ABS= Absorption Factor (unltless) (Chemical Specific) (Chemical Specific) 

ET = Exposure Time (8 hours per 8 hour workday) 1 b 1 b

EF = Exposure Frequency (day/year) 250 a 250 a

ED = Exposure Duration (year) 25 a 25 a

CF = Conversion Factor (kg/mg) 1 00E-06 1.00E-06

BW = Body Weight (kg) 70 a 70 a

AT = Averaging Time (days) 25550 a 9125 a

Particulate inhalation:
CDI = Cs * fl/PEF~ * IR * ET * EF * ED

BW * AT
Cs = Concentration in soil (mg/kg)
PEF = Particulate Emission Factor (m3/kg)
IR = Inhalation Rate (m3/day)

ET = Exposure Time (8 hours per 8 hour workday)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Averaging Time (days)
References:

EPC EPC
1 32E+09 g " 1.32E+09 g

20 a 20 a

lb lb
250 a 250 a
25 a 25 a
70 a 70 a

25550 a 9125 a

a = EPAr Human Health Evaluahon Manual, Supplemental Guidance’ "Standard Default Exposure

Factors" OSWER D~rective 9285 6-03, March 25, 1991
b = T~me spent outdoors in the contaminated areas using best professional iudgement, based on the nature of the acbvlty
c = EPA Exposure Factors Handbook, August 1997

d = Surface area of 1/2 head, forearms and the hands of an adult worker
e = AF calculated for soil adherence can be found in Appendix G
f = Chemical-specific absorpbon factors are found in Appendix G
g =Parttculate emission factor (PEF), adapted from EPA, Sod Screemng Gutdance Techntcal Backgroun(

Document, May 1996

PJ147543/APPI5FU4a]I xlsJ36SBIW-lntake 1-149
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TABLE 15-8a

Site #36 Soil Column -Hypothetical Current/Future Ublity Worker Scenano

Memphis Depot Main Installation R~

Ingestion:
CDI= Cs* IR* FI * EF* ED* C:F

BW * AT
Cs = Concentration rn soil (mg/kg)

IR = Ingestion Rate (mg/day)

FI = Fraction Ingested (unitless)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)

AT = Averaging Time (days)

Carcinogenic Noncarcinogenic

EPC EPC
100 c 100 c
0.5 0 5
24 d 24 d
25 a 25 a

1.00E-06 1.00E-06
70 a 70 a

25550 a 9125 a

Dermal:

CDI = Cs*SA* AF* ABS* ET* EF* ED* CF
BW * AT

Cs = Concentrahon in soil (mg/kg) EPC EPC
SA = Surface Area (cm2) 2679 e,f 2679 e,f
AF = Soil-Skin Adherence Factor (mg/cm2) 0.1 e,g 0 1 e,g
ABS = Absorption Factor (unltless) (Chemical Specific) (Chemical Specific) 

ET = Exposure Time (8 hours per 8 hour workday) 1 b 1 b
EF = Exposure Frequency (day/year) 24 d 24 d
ED = Exposure Duration (year) 25 a 25 a
CF = Conversion Factor (kg/mg) 1 00E-06 1.00E-06
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 9125 a

Particulate Inhalation:
CDI = Os * (I/PEF) * IR * ET * EF * 

BW * AT
Cs = Concentration in soil (mg/kg)
PEF = Particulate Emission Factor (m3/kg)

IR = Inhalation Rate (m3/day)

ET = Exposure Time (8 hours per 8 hour workday)

EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)

BW = Body Weight (kg)

AT = Avera~l~nQ Time (days)
References:

EPC EPC
1.32E+09 i 1 32E+09 i

20 a 20 a
lb tb

24 d 24 d
25 a 25 a
70 a 70 a

25550 a 9125 a

a = EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure
Factors" OSWER Dtrectlve 9285 6-03, March 25, 1991.

b =Ttme spent outdoors m the contaminated areas based on the nature of the actlwty, assuming full workday
c = Supplemental Guidance to RAGS Region 4 Bullebns, Human Health RLsk Assessment, lntenm, November 1995
d = UtLlity activity assumed to be twice a month throughout the year
e= EPA Exposure Factors Handbook, August 1997

f = Surface area of 1/2 head, forearms and the hands of an adult worker
g = AF calculated for soft adherence can be found in Appendix G

h = Chem=cal-specific absorptton factors are found in Appendix G
= = Particulate emission factor (PEF), adapted from EPA, Sod Screening Guidance Technical Backgroun(

Document, May 1996.
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TABLE 15-9a

FU4 Ditch Sediment -Hypothetical Current/Future Maintenance Worker Scenanc

Memphis Depot Main Installation RI

488 548

Ingestion:

CDI= Csd* IR* FI° EF* ED* CF
BW * AT

Csd = Concentration m sediment (mg/kg)
IR = Ingestion Rate (mg/day)

FI = Fraction Ingested (un[fless)

EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)

CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)

AT = Averaging Time (days)

Dermal:
CDI =

Carcinooenic Noncarcino_oenic

EPC EPC

50a, b 50a, b

1 1

12d 12d
25 e 25 e

1 00E-06 1 00E-06
70 e 70 e

25550 e 9125 e

C,sd *SA * AF * ABS * ET * EF * ED * CF
BW * AT

Csd = Concentration In sediment (mg/kg) EPC EPC
SA = Surface Area (cm2) - wading 2679 f,g 2679 f,g

AF = SotI-Skm Adherence Factor (mg/cm2) 0 1 g,h 0 1 g,h
ABS = Absorption Factor (unltless) (Chemical Specific) (Chemical Specific) 

ET = Exposure Time (4 hours per 8 hour workday) O 5 c 0 5 c
EF = Exposure Frequency (day/year) 12 d 12 d
ED = Exposure Duration (year) 25 e 25 e
CF = Conversion Factor (kg/mg) 1.00E-06 1,00E-06
BW = Body Wetght (kg) 70 e 70 e
AT = Averaging Time (days) 25550 e 9125 e

Inhalation: No values available for inhalation pathway

References:
a = Supplemental Guidance to RAGS Region 4 Bulletins, Human Health Risk Assessment, Intenm, November 1995.
b = A conservahve ]ngeshon rate based on industnal so=l mtake is assumed.
c = Half a workday ~s assumed to be spent outdoors ~n the contamtnated areas based on the nature of the actwity.

d = Once a month maintenance actlwty throughout the year =s assumed.
e = U.S EPA, Human Health Evaluation Manual, Supplemental Guidance. "Standard Default Exposure

Factors," OSWER D~rectave 9285.6-03, March 25, 1991.
f = Surface area of hands, 1/2 arms and face (1/2 head) of an adult worker
g = EPA Exposure Factors Handbook, August 1997
h = AF calculated for soil adherence can be found in Appendix G.

= = Chemical-specific absorption factors are found m AppendLx G

PJ147543/APPI5FU4all xh/FU4SDMW-lntake 1-155
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TABLE 15-10a

FU4 Ditch Sediment -HypothettcaT Future Industrial Worker Scenario

Memphis Depot Main Installation RI

Ingestion:

CDI = Csd * IR * FI * EF * ED * CF
BW * AT

Csd = Concentration in sediment (mg/kg)
IR = ingestion Rate (mg/day)
FI = Fraction Ingested (umtlsss)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)

CF = Conversion Factor (kg/mg)

BW = Body Weight (kg)
AT = Averaging Time (days)

Carcinooenic Noncarcinogenic

EPC EPC
50a, b 50a, b
1 1

50 c 50 c
25 d 25 d

1 00E-06 1.00E-06
70 d 70 d

25550 d 9125 d

Dermal:

CDI = Csd *SA * AF * ARS * ET * EF * ED * CF

BW * AT
Csd = Concentration in sediment (mg/kg) EPC EPC
SA = Surface Area (cm2) - wading 2679 e,f 2679 e,f
AF = So~FSkin Adherence Factor (mg/cm2) 0.1 g,f 0 1 g,f

ARS = Absorption Factor (unltless) (Chemical Specific) (Chemical Specific) 

ET = Exposure T~me (2 hours per 8 hour workday) 0.25 I 0 25 I
EF = Exposure Frequency (day/year) 50 c 50 c
ED = Exposure Duration (year) 25 d 25 d
CF = Conversion Factor (kg/mg) 1.00E-06 1.00E-06

BW = Body Weight (kg) 70 d 70 d

AT = Averaging Time (days) 25550 d 9125 d

Inhalation: No values available for inhalation pathway
References:
a = Supplemental Guidance to RAGS. Region 4 Bulletins, Human Health R~sk Assessment, Interim, November 1995.
b = A conservative ingestion rate based on industrial sod intake is assumed.
c = Exposure is assumed to be once a week (excluding vacation).
d = U S EPA, Human Health Evaluation Manual, Supplemental Guidance. "Standard Default Exposure

Factors," OSWER D~rectwe 9285 6-03, March 25, 1991.
e = Surface area of hands, 1/2 arms and face (1/2 head) of an adult worker.
f =EPA Exposure Factors Handbook, August 1997

g = AF calculated for sod adherence can be found in Appendix G.
h = Chemical-specific absorption factors are found in Appendix G

i = 2 hours of a workday ~s assumed to be spent outdoors m the contaminated areas based on the nature of the actlw~.

P J147543/APPL5FU42JI xLsJFU4SDIW-lntake I-158
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Appendix I-6
A. FU5 Soils
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TABLE 16-1a

FU5 Surface SolI--Hypothetcal Future Industnal Worker Scenario
Memphis Depot Ma~n Installation RI

488 556

Ingestion:
CDI= Ce*IR* FI* EF* ED* CF

Carcinogenic Noncarcinogenic

BW * AT
CS = Concentration in soil (mg/kg) EPC EPC
IR = Ingestion Rate (mg/day) 50 a 50 a
FI = Fraction Ingested (umtless) 1 1

EF = Exposure Frequency (dayh/ear) 250 a 250 a
ED = Exposure Duration (year) 25 a 25 a
CF = Conversion Factor (kg/mg) 1 00E-06 1 00E-06
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 9125 a

Dermal:
CDI = Cs *SA * AF * ABS * ET * EF * ED * CF

BW * AT
Cs = Concentration in sol~ (mg/kg) EPC EPC
SA = Surface Area (cm2) 2679 c,d 2679 c,d
AF = Soil-Skin Adherence Factor (mg/cm2) 0 03 c,e 0 03 c,e
ABS = Absorption Factor (umtless) (Chemical Specific) (Chemical Specific) 
El" = Exposure Time (8 hours per 8 hour workday) 1 b 1 b
EF = Exposure Frequency (day/year) 250 a 250 a
ED = Exposure Duration (year) 25 a 25 a
CF = Conversion Factor (kg/mg) 1 00E-06 1 00E-06
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 9125 a

inhalation:
CDI = Cs * (I/PEF) * IR * ET * EF ED

Ca =

PEF =
VFind =
IR =
ET =
EF =
ED =
BW =
AT =

for volatlles
Cs * ((1NFind~+(I/PEF)) * IR * ET * EF 

BW * ATBW * AT
Concentration ~n soil (mgrkg) EPC EPC
Part=culate Em=ssion Factor (m3/kg) 1 32E+09 g 1 32E+09 g
Volatlhzat,on Factor (m3/kg) (Chemical Specific) (Chemical Specific) 
Inhalation Rate (m3/day) 20 a 20 a
Exposure Time (8 hours per 8 hour workday) 1 b 1 b
Exposure Frequency (day/year) 250 a 250 a
Exposure Durabon (year) 25 a 25 a
Body Weight (kg) 70 a 70 a
Averaging Time (days) 25550 a 9125 a

References:
a = EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure

Factors" OSWER Directive 9285 6-03, March 25, 1991
b = Time spent outdoors in the contaminated areas using best professional judgment, based on the nature of the actiwty.
c = EPA Exposure Factors Handbook, August 1997.
d = Surface area of 1/2 head, forearms and the hands of an adult worker.
e = AF calculated for soil adherence can be found in Appendix G
f = Chemical-specific absorption factors are found in Appendix G
g = Partculate emission factor (PEF), adapted from EPA, Sod Screemng Guidance. Techmcal Background

Document, May 1996.
h = Industrial volatlhzatlon factor (VFmd) adapted from FDEP Brownfields Table 4, Chapter 62-777, F.A.C.,

December 1998

P J147543/APPI6FU5sodS xWTable 16-Ia 1-163
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TABLE 16-2a

FU5 Sorl Columm-Hypothetizal Future Industnal Worker $cenano

Memphis Depot Main Installation RI

Ingestion:

CDI = .....
BW * AT

Cs = Concentration m soil (mg/kg)
IR = Ingesbon Rate (rag/day)
FI = Fracbon Ingested (umtless)

EF = Exposure Frequency (day/year)
ED = Exposure Durahon (year)

CF = Convers=on Factor (kg/mg)

BW = Body Weight (kg)

AT = Averaging Ttme (days)

Dermal:
CDI =

Carcinoaenic Nonearcinoaenic

EPC EPC
50 a 50 a
1 1

250 a 250 a
25 a 25 a

1.00E-06 1 00E-06
70 a 70 a

25550 a 9125 a

Cs *SA * AF * ABS * ET * EF * ED * OF
BW * AT

Cs = Concentrahon =n soil (mg/kg) EPC EPC
SA = Surface Area (cm2) 2679 c,d 2679 c,d
AF = So=l-Skin Adherence Factor (mg/cm2) 0 03 c,e 0 03 c,e
ABS = Absorpbon Factor (un=tless) (Chemical Specific) (Chemtcal Spectflc) 

ET = Exposure T=me (8 hours per 8 hour workday) 1 b 1 b
EF = Exposure Frequency (day/year) 250 a 250 a
ED = Exposure Durat=on (year) 25 a 25 a
CF = Convers=on Factor (kg/mg) 1.O0E-O6 1 .OOE-O6
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 9125 a

Inhalation:
CDI = Cs * fl/PEn * IR * ET * EF * ED

for volatlles.
Cs * ((1/VFind)+(1/PEF)) * IR * ET * EF 

BW * AT
CS =
PEF =
VFind =
IR =
ET =
EF =
ED =
BW =
AT =

BW * AT
Concentration m sod (mg/kg) EPC EPC

Parttculate Emission Factor (m3/kg) 1 32E+09 g 1.32E+09 g
Volahhzat=on Factor (m3/kg) (Chem=cal Specific) (Chemical Specff=c) 
Inhalatton Rate (m3/day) 20 a 20 a
Exposure T=me (8 hours per 8 hour workday) t b 1 b
Exposure Frequency (day/year) 250 a 250 a
Exposure Durat=on (year) 25 a 25 a
Body Weight (kg) 70 a 70 a
Averaging Time (days) 25550 a 9125 a

References:
a = EPA, Human Health Evaluatton Manual, Supplemental Guidance: "Standard Default Exposure

Factors" OSWER Directive 9285 6-03, March 25, 1991.
b = TEme spent outdoors ~n the contaminated areas us=ng best professional judgment, based on the nature of the actiwty
c = U S EPA Exposure Factors Handbook, August 1997

d = Surface area of 1/2 head, forearms and the hands of an adult worker
e = AF calculated for sotl adherence can be found m Appendtx G
f = Chemtcal-specffio absorption factors are found m Appendtx G
g = Particulate emission factor (PEF), adapted from EPA, So~l Screening Guidance Techntcal Backgroun(

Document, May 1996.

h = Industnal volatihzahon factor (VFmd) adapted from FDEP Brownfields Table 4, Chapter 62-777, F A 

December 1998.

P J147543/APPI6FU5soils xls/Table 16-2a 1-166
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TABLE 16-3s

FU5 Surface Soil -Hypothetical Current/Future Maintenance Worker Scenano

Memphis Depot Main Installatton RI

Ingestion:

CDI= C$*IR* FI* EF* ED* CF
BW * AT

Cs = Concentration In soil (mg/kg)

IR = Ingestion Rate (mg/day)

FI = Fraction Ingested (unitless)

EF = Exposure Frequency (day/year)

ED = Exposure Duration (year)

CF = Conversion Factor (kg]mg)

BW = Body Weight (kg)
AT = Averaging Time (days)

Carcinogenic Noncarcinoaenic

EPC EPC
50 c 50 c

0.5 0.5
50 d 50 d
25 a 25 a

1.00E-06 1.00E-06

70 a 70 a
25550 a 9125 a

Dermal:
CDI = Cs *SA * AF *ABS * ET * EF * ED * CF

BW * AT

Cs = Concentration in soil (mg/kg) EPC EPC

SA = Surface Area (cm2) 2679 e,f 2679 e,f

AF = Soil-Skin Adherence Factor (mg/cm2) 0,03 e,g 0 03 e,g

ABS= Absorption Factor (umtless) (Chemical Specific) (Chemical SpecTllC) 

ET= Exposure Time (8 hours per 8 hour workday) 1 b 1 b
EF = Exposure Frequency (day/year) 50 d 50 d
ED = Exposure Duration (year) 25 a 25 a
CF = Conversion Factor (kg/mg) 1 O0E-06 1.00E-06
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Trme (days) 25550 a 9125 a

Inhalation:
CDI = Cs * (I/PEF) * IR * ET * EF * 

BW * AT
Cs = Concentration in soil (mg/kg) EPC EPC

PEF = PartLculate Emission Factor (m3/kg) 1.32E+09 i 1 32E+09 i
VFind = Volatilization Factor (m3/kg) (Chemical Specific) (Chemical Specific) 

IR = Inhalation Rate (m3/day) 20 a 20 a
ET = Exposure Time (8 hours per 8 hour workday) 1 b 1 b

EF = Exposure Frequency (day/year) 50 d 50 d
ED = Exposure Duration (year) 25 a 25 a

BW = Body Weight (kg) 70 a 70 a
AT = AveraQm~ Time/days) 25550 a 9125 a
References:

for volat/les

Cs * ((1NFind)+(I/PEF)) * IR * ET * ED
BW * AT

a = EPA, Human Health Evaluation Manual, Supplemental Guidance’ "Standard Default Exposure

Factors" OSWER Directive 9285.6-03, March 25, 1991
b = Time spent outdoors in the contaminated areas based on the nature of the activity, assuming full workday
c = Supplemental Guidance to RAGS Region 4 Bulletins, Human Health Risk Assessment, Interim, November 1995.
d = Maintenance act[wty assumed to be once a week throughout the year (excluding vacation)
e= EPA Exposure Factors Handbook, August 1997.

f = Surface area of 1/2 head, forearms and the hands of an adult worker.
g = AF calculated for soil adherence can be found in Appendix G
h = Chemical-specific absorption factors are found in Appendix G.

i = Particulate emission factor (PEF), adapted from EPA, Sod Screening Guidance" Technical Background
Document, May 1996.

I = industrial volatihzatlon factor (VFind) adapted from FDEP Brownflelds Table 4, Chapter 62-777, F A.C,
December 1998.

PJ147543/APPI6FU5soils xls/Table 16-3a 1-169
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TABLE 16-4a

~5 (SS~C) Suda~ Soil - H~thell~l Future On-S~e R~ldentlal (Adun) Scenario
Memphis Depct Main Insta//abon RI

Carcinogenic Noncarclno~en[c
Ingestion:
Intake for non-carcinogenic compounds Age-specdlc intake (for carclnogemc compounds only)
CDI = Cg * IR * FI * EF ° ED ̄ OF CDladj = Cs * FI * EF" CF" IRadJ

BW * AT AT
Cs = Concentrahon in soil (mg/kg) EPC EPC
IR = Ingestion Rate (rag/day) N/A 100 a
IRadJ = Age-adjusted IngestPon Rate (rag - year)/(kg - day) 114 29 a,b N/A
FI = Fraction Ingested (unlgess) 1 1
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Durahon (year) N/A 30 a
CF = Conversion Factor (kg./mg) 1 00E-06 1 00E-06
BW = Body Weight (kg) N/A 70 a
AT = Averaging ]]me (days) 25550 a 10950 a

Dermal:
Intake for non-carc~nogemc compounds
CDI= Cs * SA ° AF ° ABS * ET" EF * ED* CF

Age-specific intake (for carcinogenic compounds only)
Cs ° SAadi * AF ° ABS * ET ° EF * CF

BW" AT AT
Cs = Concentration in soil (mg/kg) EPC EPC
SA = Surface Area (cm2) N/A 5049 d,e
SAadj = Age-adjustod Surface Area (cm2 - year)/(kg) 2671 d,e.f N/A
AF = Soil-Skin Adherence Factor (mg/cm2) 0 03 d,g 0 03 d,g
ABS = Absorption Factor (un]gess) (Chemical Specdlc) (Chemical Specific) 
ET = Exposure Time (4 hours per 24-hour day) O 167 c 0 167 c
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duratton (year) N/A 30 a
CF = Conversion Factor (kg/mg) 1 00E-06 1 00E-06
BW = Body Weight (kg) N/A 70 a
AT = Averaging Time (days) 25550 a 10950 a

Inhalation:
Intake for non-carclnogentc compounds

CDI = Cs * t 1,’PEF’~ * IR Inh * ET * EF * ED
BW*AT

Cs = Concentrahon m sod (mg/kg)
PEF = Particulate Emission Factor (m3/kg)
IR_lnh = Inhalation Rate (m3/day)
R_lnhadl = Age-adjusted nha a ion Ra e (m3 - year)/(kg - day)
ET = Exposure Time (4 hours per 24-hour day) r
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Avera~mQ Time Idays)
References:

Age-specglc retake (for carc~nogemc compounds only)
CDI= Cs’fl/PEF~’IR Inhadi °ET*EF

AT
EPC EPC

1 32E+09 I 1 32E+09 I
N/A 20 a

12 85714286 aJ WA
O 167 c 0 167 c

350 a 350 a
N/A 30 a
N/A 70 a

25550 a 10950 a

a = EPA, Human Health Evaluahon Manual, Supplemental Gu=dance "Standard Default Exposure
Factors," OSWER Directwe 9285 6-03, Ma~h 25, 1991

b = Age-adjusted mgesbon rate for adults, ad}usted for body we=ght and time for carcmogenLc exposure
IRadI = IRc x EDc + iRa x fEDa - EDc~ = 200 x 6 + 100 x (30-6~

BWc BWa 15 70
114.29 (mg-year)/(kg-day)

c = Time spent outdoors in the contaminated areas based on the nature of the activity
d= EPA Exposure Factors Handbook, August 1997
e = Surface area of 1/2 head, hands, forearms, lower legs & feet of an adug
f = Age-adjusted sudace area for adults, adjusted for body weight and brae for carcinogenic exposure

SAadj = ~Ac x EDc + SAa x fEDa- EDc~ = 2351 x 6 + 5049 x (30-6~
BWc BWa 15 70

2671 (cm2.year)/(kg)
g = AF calculated for sod adherence can be found in Appendix L
h = Chem~ca[-specg~c absorption factors are found in Appendix L
I = Pad=culate emission factor (PEF), adapted from EPA, So~l Screening Guidance Techmcal Background Document, May 1996
j = Age-adjusted mhalahon rate for adults, adjusted for body weight and brae for carcinogenic exposure

IR-Inhadl = IR-Inhc x EDc + IR-Inha x fEDa-EDc~ = 15x6 + 20xf30-6)
BWc BWa 15 70

12.86 (m3-year)/(k~l-day)

P J 147543JAPPI6F U5soils xls~Table {64a 1-172
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TABLE 16-5a
FU5 (SST/C) Surface Soi~--Hypothehcal Future On-site Residential (Chdd) Scenano
Mernph~s Depot Main Installation R/

Ingestion:
CDI= Ce*IR* FI* EF* ED* CF

BW * AT
Cs = Concentration in soil (mg/kg)
IR = ingestion Rate (mg/day)
FI = Fraction Ingested (umtless)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

(~r(:inogenic (optional)

EPC
200 a

1
350 a

6a
1.00E-06

15a
25550 a

Noncarcinogenic

EPC
200 a

1
350 a

6a
1.00E-06

15a
2190 a

Dermal:
CDI = CS* SA* AF* ABS* ET* EF* ED* CF

BW * AT
CS = Concentration in soil (mg/kg)
SA = Surface Area (cm2)
AF = Sod-Skin Adherence Factor (mg/cm2)
ABS = Absorptton Factor (umtless)
ET = Exposure Time (4 hours per 24-hour day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Convers=on Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging T=me (days)

EPC
2351 c,d
0.15 c,e

(Chemical Specific) 
0.167 b

350 a
6a

1.00E-06
15a

25550 a

EPC
2351 c,d
0 15 c,e

(Chemical Specific) 
0.167 b

350 a
6a

1.00E-06
15a

2190 a

Inhalation:
CDI = Cs * (1/PEF) * IR * ET * EF * 

BW * AT
Cs = Concentrahon in sell (mg/kg) EPC
PEF = Particulate Emlsmon Factor (m3/kg) 1 32E+09 g
IR = Inhaiahon Rate (m3/day) 15 a
ET = Exposure Time (4 hours per 24-hour day) 0 167 b
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 6 a
BW = Body Weight (kg) 15 a
AT = Avera~m9 Ttme (days) 25550 a
References:
a = EPA, Human Health Evaluation Manual, Supplemental Gu=dance’ "Standard Default Exposure

Factors," OSWER D~rechve 9285.6-03, March 25, 1991.
b = Time spent outdoors in the contaminated areas based on the nature of the activity.
c= EPA Exposure Factors Handbook, August 1997.
d = Surface area of 1/2 head, hands, forearms, lower legs & feet of a chdd (age 1-5 years).
e = AF calculated for sod adherence can be found in Appendix G.
f = Chemtcal-specfflc absorption factors are found m Append=x G.
g = Particulate emLssion factor (PEF), adapted from EPA, Soil Screemng Gu=dance Techmcal

Background Document, Ma~, 1996

EPC
1.32E+09 g

15a
0167 b

350 a
6a

15a
2190 a

P/147543JAPPI6FU5soIIs xLVTable 16-5a 1-175
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TABLE 16-6a

Screening Site 77 Surface Sod--Hypothetical Future Industnal Worker Scenano

Memphis Depot Math Installation RI

Ingestion:
CDI = * * * * *

BW * AT
Cs = Concentration in soil (mg/kg)
IR = Ingestion Rate (rag/day)
FI = Fraction Ingested (unitless)
EF = Exposure Frequency (day,/ear)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Carcinogenic Noncarcinogenic

EPC EPC
50 a 50 a
1 1

250 a 250 a
25 a 25 a

1.00E-06 1.00E-06
70 a 70 a

25550 a 9125 a

Dermal:
CD[= Cs*SA* AF* ABS* ET* EF* ED* CF

BW * AT
Cs = Concentration m soil (mg/kg) EPC EPC
SA = Surface Area (cm2) 2679 c,d 2679 c,d
AF = Sod-Skin Adherence Factor (mg/cm2) 0 03 c,e 0.03 c,e
ABS = Absorption Factor (umtless) (Chemical Specific) (Chemical Specific) 
ET = Exposure Time (8 hours per 9 hour workday) 1 b 1 b
EF : Exposure Frequency (day/year) 250 a 250 a
ED = Exposure Duration (year) 25 a 25 a
CF = Conversion Factor (kg/mg) 1 00E-06 1.00E-06
BW = Body Weight (kg) 70 a 70 a
AT = Averaging T~me (days) 25550 a 9125 a

Particulate Inhalation:
CDI= Cs* (1/PEF) * IR * ET" EF* 

BW * AT
Cs = Concentration in soil (mg/kg)
PEF = Particulate Emission Factor (m3/kg)
IR = Inhalation Rate (m3/day)
ET = Exposure Time (8 hours per 8 hour workday)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Avera~in9 Time (days)
References:

EPC EPC
1 32E+09 g 1 32E+09 g

20 a 20 a
lb lb

250 a 250 a
25 a 25 a
70 a 70 a

25550 a 9125 a

a = EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure

Factors" OSWER Directwe 9285 6-03, March 25, 1991.
b = Time spent outdoors in the contaminated areas using best professional judgement, based on the nature of the acbwty
c = EPA Exposure Factors Handbook, August 1997.
d = Surface area of 1/2 head, forearms and the hands of an adult worker
e = AF calculated for soil adherence can be found in Appendix G.
f = Chemical-specific absorption factors are found in Appendix G
g = Particulate emlsston factor (PEF), adapted from EPA, Sod Screemng Gusdance Techmcal Background

Document, May 1996

P J1475431APP16FU5sods xlsfiable 16-6a 1-178
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TABLE 16-7a

Screening S~te 77 Soil Column--Hypothetcal Future Industnal Worker Scenano
Mernphts Depot Ma~n Installation RI

488

Ingestion:

CDI = .....
BW * AT

Cs = Concentration in soft (mg/kg)
IR = Ingest=on Rate (mg/day)

FI = Fract=on Ingested (umtless)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body We=ght (kg)
AT = Averaging Time (days)

Carcinonenic Noncarcinooenic

EPC EPC
50 a 50 a
1 1

250 a 250 a
25 a 25 a

1.00E-06 1.00E-06
70 a 70 a

25550 a 9125 a

Dermal:
CDI = Cs*SA* AF* ABS* ET* EF* ED* CF

BW * AT
Cs = Concentrahon in soil (mg/kg) EPC EPC
SA = Surface Area (cm2) 2679 c,d 2679 c,d
AF = Soil-Skin Adherence Factor (mg/cm2) 0.03 c,e 0.03 c,e
ABS = Absorpt=on Factor (un=tless) (Chem=cal Specff=c) (Chemmal Specff=c) 
ET = Exposure T=me (8 hours per 8 hour workday) 1 b 1 b
EF = Exposure Frequency (day/year) 250 a 250 a
ED = Exposure Durat=on (year) 25 a 25 a
CF = Convers=on Factor (kg/mg) 1.00E-06 1 00E-06
BW = Body We=ght (kg) 70 a 70 a
AT = Averaging T=me (days) 25550 a 9125 a

Particulate Inhalation:
CDI = Cs * (1/PEF) * IR * ET * EF * 

BW * AT
Cs = Concentratron m soil (mg/kg)
PEF = Part¢culate Emiss=on Factor (m3/kg)

IR = Inhalation Rate (m3/day)
ET = Exposure Time (8 hours per 8 hour workday)
EF = Exposure Frequency (day/year)
ED = Exposure Durahon (year)
BW = Body Weight (kg)
AT = Avera~=n9 T=me (days)
References:

EPC EPC
1 32E+09 g 1,32E+09 g

20 a 20 a
lb lb

250 a 250 a
25 a 25 a
70 a 70 a

25550 a 9125 a

a = EPA, Human Health Evaluat=on Manual, Supplemental Gu=dance. "Standard Default Exposure

Factors" OSWER D=rectwe 9285 6-03, March 25, 1991.
b = T~me spent outdoors in the contaminated areas using best profess=onal judgement, based on the nature of the activity
c = EPA Exposure Factors Handbook, August 1997

d = Surface area of 1/2 head, forearms and the hands of an adult worker
e = AF calculated for so=l adherence can be found =n Append=x G

f = Chemtcat-spectfic absorption factors are found m Appendtx G
g = Part=culate em=ssion factor (PEF), adapted from EPA, Sod Screening Gu=dance’ Techmcal Rackgroun¢

Document, May 1996.

PJ147543/APPI6FU5sotls xlrfrable le-Ta I-181



488 575

0

o

W

¢D

O

o)

W
0

o

WLLI UJZZ Z --;LU LUI.~ UJZ :El 13[ 7°UJ ~- >.

E: Z E:~ "m

:EWO0 9
E ~ ~ Li2 {n

~.~NNNN~>-~

~oooo<~°
~ Q. *-’Z Z Z Z ~uJ

OWwwww<~cc~



488 576

&

8

S



TABLE 16-8a

Screening Site 77 Sod Column--Hypothetical Current/Future Utd[ty Worker Scenano
Mernphts Depot Main Installation RI

Ingestion:

CDI= Cs* In* FI * EF* ED*CF
BW * AT

Cs = Concentration in sod (mg/kg)
IR = Ingeshon Rate (mg/day)

FI -- Fraction Ingested (umtless)

EF = Exposure Frequency (day/year)

ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging Time (days)

Carcinogenic Noncarcinogenic

EPC EPC
100 c 100 c
05 05
24 d 24 d
25 a 25 a

1 00E-06 1.00E-06
70 a 70 a

25550 a 9125 a

Dermal:
CDI = Cs *SA * AF * ABS * ET * EF * ED * CF

BW * AT
Cs = Concentration in SOL1 (mg/kg) EPC EPC
SA = Surface Area (cm2) 2679 e,f 2679 e,f
AF = SolI-Skm Adherence Factor (mg/cm2) 0 1 e,g 0 1 e,g
ABS = Absorption Factor (unLtless) (Chemical Spec=fic) (Chemical Specific) 

ET = Exposure Time (8 hours per 8 hour workday) 1 b 1 b
EF = Exposure Frequency (day/year) 24 d 24 d
ED = Exposure Duratton (year) 25 a 25 a
CF = Conversion Factor (kg/mg) 1.00E-06 1.00E-06
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 9125 a

Particulate Inhalation:

CDI= Cs* (1/PEF)* IR * ET* EF* 
BW * AT

Cs = Concentration m sod (mg/kg)
PEF = Particulate Emiss=on Factor (m3/kg),

IR = Inhalation Rate (m3/day)
ET = Exposure Time (8 hours per 8 hour workday)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body We=ght (kg)

AT = Avera~m~ T~me (days)
References:

EPC EPC
1.32E+09 I 1 32E+09 I

20 a 20 a
lb lb

24 d 24 d
25 a 25 a
70 a 70 a

25550 a 9125 a

a = EPA, Human Health Evaluahon Manual. Supplemental Guidance "Standard Default Exposure
Factors" OSWER Directwe 9285.6-03, March 25, 1991

b = T=me spent outdoors in the contaminated areas based on the nature of the act~vvty, assuming full workday
c = Supplemental Guidance to RAGS Region 4 Bulletins, Human Health R~sk Assessment, Intenm, November 1995
d = Utlhty achwty assumed to be twice a month throughout the year.
e= EPA Exposure Factors Handbook, August 1997

f = Surface area of 1/2 head, forearms and the hands of an adult worker
g = AF calculated for soil adherence can be found in Appendix G

h = Chemical-specific absorpt=on factors are found in Appendix G
i = Part=culate emission factor (PEF), adapted from EPA, Soil Screening Guidance: Technical Backgroun¢

Document, May 1996
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TABLE 17-1a

FU6 Surface Soil -HypothetJcel Future Industrial Worker Scenario
Mernph~s Depot Main Installation Ill

488 582

Ingestion:
CDI = ....

Carcinogenic Noncarcino_oenlo

BW * AT
Cs = Concentration in soil (mg/kg) EPC EPC
IR = Ingestion Rate (rag/day) 50 a 50 a
FI = Frachon Ingested (umtless) 1 1
EF = Exposure Frequency (dayh/ear) 250 a 250 a
ED = Exposure Duration (year) 25 a 25 a
CF = Conversion Factor (kg/mg) 1 00E-06 1 00E-06
BW = Body Weight (kg) 70 a 70 s
AT = Averaging Time (days) 25550 a 9125 a

Dermal:
CDI = Cs*SA* AF* ABS* ET* EF* ED* CF

BW * AT
Cs = Concentration in soil (mg/kg) EPC EPC
SA = Surface Area (cm2) 2679 c,d 2679 c,cl
AF = SotI-Sk~n Adherence Factor (mg/cm2) 0 03 c,e 0 03 c,e
ABS = Absorption Factor (umtless) (Chemical Specific) (Chem=cal Specific) 
ET = Exposure Time (8 hours per 8 hour workday) 1 b 1 b
EF = Exposure Frequency (day~,ear) 250 a 250 a
ED = Exposure Duration (year) 25 a 25 a
CF = Conversion Factor (kg/mg) 1 00E-06 1.00E-06
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 9125 a

Inhalation:
CDI = Cs ° (1/PEF) * IR "ET* EF * 

BW * AT
Cs = Concentration in sod (rng/kg) EPC EPC
PEF = Particulate Emission Factor (m3/kg) 1 32E+09 g 1.32E+09 g
VFind = Volahhzation Factor (m3/kg) (Chemical Spec=ho) (Chem=cal Spec=fic) 
IR = Inhalahon Rate (m3/day) 20 a 20 a
ET = Exposure Time (8 hours per 8 hour workday) 1 b 1 b
EF = Exposure Frequency (day/year) 250 a 250 a
ED = Exposure Duration (year) 25 a 25 a
BW = Body Weight (kg) 70 a 70 a
AT= Averagm~ Time (days) 25550 a 9125 a
References:

for volatlles:
Cs * ((1/VFind)+(1/PEF)) * IR * ET* ED

BW * AT

a = EPA, Human Health Evaruatlon Manual, Supplemental Guidance "Standard Default Exposure

Factors" OSWER Directive 9285 6-03, March 25, 1991.
b = Time spent outdoors in the contaminated areas using best professional judgment, based on the nature of the acbvdy
c = EPA Exposure Factors Handbook, August 1997
d = Surface area of 1/2 head, forearms and the hands of an adult worker.
e = AF calculated for sod adherence can be found In Appendix G
f = Chemtcal-specff~c absorption factors are found m Appendix G
g = Parhculate emissron factor (PEF), adapted from EPA, Sod Screemng Guidance Techmcal Background

Document, May 1996
h = Industrial volatthzatton factor (VFtnd) adapted from FDEP Brownflelds Table 4, Chapter 62-777, F.A.C,

December 1998

PJ147543/APPI7FU6all x]s/FU6SSIW-lntake 1-189
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TABLE 17-2a

FU6 Soil Column -Hypothetical Future Industrial Worker Scenano

Memphis Depot Main Installation RI

ingestion:

CDI= * *" **

BW * AT
Cs = Concentration ,n soil (mg/kg)
IR = Ingestion Rate (rag/day)
FI = Fraction Ingested (unit[ess)

EF = Exposure Frequency (day/year)

ED = Exposure Duration (year)

CF = Conversion Factor (kg]mg)

BW = Body Weight (kg)

AT = Averaging Time (days)

Carcinogenic Noncarcinogenic

EPC EPC
50 a 50 a
1 1

250 a 250 a
25 a 25 a

1 00E-06 1.00E-06
70 a 70 a

25550 a 9125 a

Dermal:

CDI= Cs *SA * AF" ABS * ET* EF" ED * CF
BW ° AT

Cs = Concentration in soil (mg/kg) EPC EPC
SA = Surface Area (cm2) 2679 c,d 2679 c,d
AF = Soil-Skin Adherence Factor (mg/cm2) 0 03 c,e 0 03 c,e
ABS = Absorption Factor (umtless) (Chemical Specific) (Chemical Specific) 

ET = Exposure Time (8 hours per 8 hour workday) 1 b 1 b
EF = Exposure Frequency (day/year) 250 a 250 a
ED = Exposure Duration (year) 25 a 25 a
CF = Conversion Factor (kg/mg) 1 00E-06 100E-06
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 9125 a

Inhalation:
CDI = Cs * (1/PEF) * IR * ET * EF * 

BW * AT
CS = Concentration in soil (mg/kg) EPC EPC
PEF = Particulate Emission Factor (m3/kg) 1 32E+09 g 1 32E+09 g

VFind = Volatilization Factor (m3/kg) (Chemical Specific) h (Chemical Specific) 

IR = Inhalation Rate (m3/day) 20 a 20 a
ET = Exposure Ttme (8 hours per 8 hour workday) 1 b 1 b
EF = Exposure Frequency (day/year) 250 a 250 a
ED = Exposure Duration (year) 25 a 25 a
BW = Body WeEght (kg) 70 a 70 a
AT = Averaging] Time (days) 25550 a 9125 a
References:

for vo/ah/es
Cs * ((1NFind)+(1/PEF)) * IR * ET * EF 

BW * AT

a = EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure
Factors= OSWER Directive 9285 6-03, March 25, 1991

b = Time spent outdoors m the contaminated areas using best professional judgment, based on the nature of the activity.
c = EPA Exposure Factors Handbook, August 1997

d = Surface area of 1/2 head, forearms and the hands of an adutt worker
e = AF calculated for soil adherence can be found in Appendix G
f = Chemical-specific absorption factors are found in Appendix G

g = Particulate emission factor (PEF), adapted from EPA, Soil Screening Guidance Technical Background
Document, May 1996.

h = Industrial volahhzat[on factor (VFmd) adapted from FDEP Brownf~elds Table 4, Chapter 62-777, F A.C,
December 1998

P J147543/APPI7FU6all xls/FU6SBIW-Intake 1-192
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TABLE 17-3a

FU6 Surface Soft -Hypothetical Current/Future Maintenance Worker Scenario
Memphis Depot Main Installation RJ

488 588

Ingestion:

CDI = * * * * *

BW * AT
Cs = Concentration in soil (mg/kg)

IR = Ingestion Rate (mg/day)

FI = Fraction Ingested (umtless)

EF = Exposure Frequency (day/year)

ED = Exposure Duration (year)

CF = Conversion Factor (kg/mg)

BW = Body Weight (kg)

AT = Averaging Time (days)

Carcinogenic Noncarcinoaenic

EPC EPC

50 c 50 c

0.5 O 5

50 d 50 d

25 a 25 a
1.00E-g6 1.00E-06

70 a 70 a

25550 a 9125 a

Dermal:

CDI= Cs*SA* AF* ABS* ET* EF* ED* CF
BW * AT

Cs = Concentration in soil (mg/kg)

SA = Surface Area (cm2)
AF = Soil-Skin Adherence Factor (mg/cm2)
ABS = Absorption Factor (unltless)

ET = Exposure Time (8 hours per 8 hour workday)
EF = Exposure Frequency (day/year)

ED = Exposure Duration (year)

CF = Conversion Factor (kg/mg)

BW = Body Weight (kg)
AT = Averaging Time (days)

EPC EPC

2679 e,f 2679 e,f
0 03 e,g 0 03 e,g

(Chemical Specific) (Chemical Specific) 

lb lb

50 d 50 d
25 a 25 a

1.00E-06 1.00E-06

70 a 70 a
25550 a 9125 a

Inhalation:

CDI = Cs * (1/PEF) * IR * ET * EF * 
BW * AT

Cs = Concentration in soil (mg/kg)
PEF = Particulate Emission Factor (m3/kg)

VFind = Volatilization Factor (m3/kg)
IR = Inhalation Rate (m3/day)

ET = Exposure Time (8 hours per 8 hour workday)

EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)

BW = Body Weight (kg)
AT = Averaging] Time (days)
References:

for volatlles"

Cs * ((1NFind)+(1/PEF)) * IR * ET * ED
BW * AT

EPC EPC
1 32E+09 i 1 32E+09 I

(Chemical Specific) (Chemical Specific) 

20 a 20 a
lb lb

50 d 50 d
25 a 25 a

70 a 70 a

25550 a 9125 a

a = EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure

Factors" OSWER Directive 9285 6-03, March 25, 1991.
b = Time spent outdoors m the contaminated areas based on the nature of the actiwty, assuming full workday

c = Supplemental Guidance to RAGS: Region 4 Bulletins, Human Health R~sk Assessment, Intenm, November 1995.
d = Maintenance actiwty assumed 1o be once a week throughout the year (excluding vacahon).

e= EPA Exposure Factors Handbook, August 1997.

f = Surface area of 1/2 head, forearms and the hands of an adult worker
g = AF calculated for soil adherence can be found m Appendix G
h = Chemical-specific absorption factors are found in Appendix G

i = Particulate emission factor (PEF), adapted from EPA, Sod Screening Guidance" Technical Background
Document, May 1996.

I = Industnal volatilization factor (VFmd) adapted from FDEP Brownfields Table 4, Chapter 62-777, F.A 
December 1998

PJ147543/APPI7FU6all xts/FU6SSMW-lntake 1-195



488 589

8

8

E

8

8

"5

=.~

~

O0

o~o o

m~000<~
~,NNN~

n~

~ 0 ~ O(.gLgLg~.90t.9(.9

o

E



488 590



488 59t

FU6 (8S66A} Surface Sod - Hypothetical Future On-Sde Residential (Adult) Scenano
Memphis Depot Main Ir~tallatlon RI

Carcinooenlc Noncarcinogentc
Ingestion:
Intake for non-carcmogemc compounds Age-specdLC ~ntake (for carcinogenic compounds only)
CDI = Cs ° IR * FI * EF * ED * CF CDladj = Cs * FI * EF * CF * IRad!

BW * AT AT
CS = Concentration in so=l (mg/kg) EPC EPC
IR = Ingestion Rate (mR./day) N]A 100 a
IRadJ = Age-adjusted Ingestion Rate (mR - year)/(kg - day) 114 29 a,b N/A
FI = Fraction Ingested (umtless) 1 1
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) N/A 30 a
CF = Conversion Factor (kg/mg) 1 00E-06 1 00E-06
BW = Body Weight (kg) N/A 70 a
AT = Averaging Time (days) 25550 a 10950 a

Dermal:
Intake for non-carcinogenic compounds
CDI= Cs * SA ̄  AF* ABS * ET* EF * ED * CF

BW * AT
Cs = Concentration m 8oll (mg/kg)
SA = Surface Area (cm2)
SAadj = Age-adjustod Surface Area (crn2 - year)/(kg)
AF = Soil-Skin Adherence Factor (mg/cm2)
ABS = AbsorptJon Factor (unttless)
ET = Exposure Time (4 hours per 24-hour day)
EF = Exposure Frequency (day/year)
ED = Exposure Duratton (year)
CF = Converston Factor (kg/mg)
BW = Body Wetght (kg)
AT = Averaging Time (days)

Age-spectflc intake (for carcinogenic compounds only)
Cs * SAadi * AF* ABS * ET* EF * CF

AT
EPC EPC
N/A 5049 d,e

2671 d,e,f N/A
0 03 d,g 0 03 d,g

(Chemical Spectfic) Chemical Specific) 
0167c 0167c

350 a 350 a
N/A 30 a

1 00E-06 I 00E-06
N/A 70 a

2555O a 10950 a

Inhalation:
Intake for non-carctnogemc compounds
CDI = CS * (1/pEF) * IR Inh * ET * EF * 

BW ° AT
Cs = Concentration =n sod (mg/kg)
PEF -- Particulate Emission Factor (m3/kg)
IR_lnh = Inhalabon Rate (m3/day)
IR Inhadj = Age-adjusted Inhalation Rate (m3 - year)/(kg - day)
ET= Exposure Time (4 hours per 24-hour day)
EF = Exposure Frequency (day/year)
ED = Exposure Durahon (year)
BW = Body Weight (kg)
AT = Avera~ln~ Time (days) =
References:

Age-specd~c intake (for carcinogenic compounds only)
CDI= Cs*tl/PEFt*IR Inhadl *ET*EF

AT
EPC EPC

1 32E+09 t 1 32E+09 I
N/A 20 a

12 85714286 aJ N/A
0167c 0167c

350 a 350 a
N/A 30 a
N/A 70 a

25550 a 10950 a

a = EPA, Human Health Evaluation Manual. Supplemental Gutdance "Standard Default Exposure
Factors," OSWER Directive 9285 6-03, March 25, 1991.

b = Age-adjusted ingestion rate for adults, adjusted for body weight and time for carcmogentc exposure
IRadj = IRc x EDc + IRa x IEDa-EDc/ 20Ox6 + 10Ox(30-6~

BWc BWa 15 70
114.29 (mg.year.V(kg-day)

c = T=me spent outdoors m the contaminated areas based on the nature of the activity
rf= EPA Exposure Factors Handbook, August 1997
e = Surface area of 1/2 head, hands, forearms, lower legs & feet of an adud
f = Age-adjustod surface area for adults, adjusted for body wetght and ttme for carclnogenLc exposure

SAadj = SAc x EDc + SAn x (EDa- EDCt 2351 x 6 + 5049 x (30-6t

BWc BWa 15 70
2671 (cm2.year)/(kg)

g = AF calculated for Soil adherence can be found in AppeodJx G
h = Chemrcal-specdlC absorpt=on factors are found tn AppeodlX G
i = Particulate emtssLon factor (PEF), adapted from EPA. Sotl Screening Guidance Technical Background Document, May 1996
j = Age-adjusted inhalation rate for adults, adjusted for body wetght and ttme for carcmogemc exposure

IR-Inhadj = IR-Inhc x EDc + IR-Inha x fEDa- EDct 15x6 + 2OxISO-6t
BWc BWa 15 70

12.86 (m3.yeary(k.q-day)

P J147543/AP PtTFU6atI~xtS/F U6SS RA-Intake 1-198
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TABLE 17-5a
FU6 (SS66A) Surface Soil o Hypothet=cal Future On-s=te Restdenttal (Child) Scenario
Memphis Depot Ma~n /nstal/atton RI

488 594

Ingestion:
CDI = (~6 * IR * FI * EF * ED * CF

BW * AT
Cs = Concentrat=on in sell (mg/kg)
IR = Ingestion Rate (mg/day)
FI = Fract=on Ingested (unttless)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Wetght (kg)
AT = Averaging Ttme (days)

EPC
200 a

1
350 a

6a
1.00E-06

15a
25550 a

Noncarcinoaenic ,

EPC
200 a

1
350 a

6a
1.00E-06

15a
2190 a

Dermal:
CDI = Cs* SA* AF* ABS* ET* EF* ED* CF

BW * AT
Cs = Concentrat=on =n soft (mg]kg)
SA = Surface Area (cm2)
AF = So=l-Skin Adherence Factor (mg/cm2)
ABS = Absorption Factor (umtless)
ET = Exposure Time (4 hours per 24-hour day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body We=ght (kg)
AT = Averaging Ttme (days)

EPC EPC
2351 c,d 2351 c,d
0 15 c,e 0 15 c,e

(Chemtcal Specfftc) (Chemtcal SpecffLC) 
0 167 b 0.167 b

350 a 350 a
6a 6a

1 00E-06 1.00E-06
15 a 15 a

25550 a 2190 a

Inhalation:
CDI= Cs* (I/PEF)*IR * ET* EF* 

BW * AT
Cs = Concentration in sell (mg/kg)
PEF = Parhculate Em~sslon Factor (m3/kg)
IR = Inhalation Rate (m3/day)
ET = Exposure Time (4 hours per 24-hour day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body WeLght (kg)
AT = Averagmg Time (days)
References:

EPC
1 32E+09 g

15a
0167 b

350 a
6a

15a
25550 a

EPC
1 32E+09 g

15a
0167 b

350 a
6a

15a
2190 a

a = EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure
Factors," OSWER Directive 9285 6-03, March 25, 1991.

b =Ttme spent outdoors m the contaminated areas based on the nature of the act=vtty
c= EPA Exposure Factors Handbook, August 1997.
d = Surface area of 1/2 head, hands, forearms, lower legs & feet of a chtld (age 1-6 years).
e = AF calculated for soil adherence can be found in Appendix G
f = Chemical-specific absorption factors are found m Appendix G.
g = Particulate emission factor (PEF), adapted from EPA, Soil Screening Guidance. Techmcal

Background Document, May 1996.

PJ147543JAPPI7FU6all xls/FU6SSRC-Intake 1-201
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488 597

TABLE 17-6a

Site #66 Surface Soil -Hypothetical Future Industnal Worker Scenano

Memphis Depot Main Installation RI

Ingestion:

CDI = Cs * IR * FI * EF * ED * CF
BW * AT

CS = ConcentratEon m soil (mg/kg)
IR = Ingeshon Rate (rag/day)
FI = Fraction Ingested (unltless)

EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averaging T~me (days)

Carcinoaenic Noncarcinogenic

EPC EPC
50 a 50 a
1 1

250 a 250 a
25 a 25 a

1 00E-06 1 00E-06
70 a 70 a

25550 a 9125 a

Dermal:
CDI = Cs *SA * AF * ABS * ET * EF * ED * ¢F

BW * AT
Cs = Concentration rn so~l (mg/kg) EPC EPC
SA = Surface Area (cm2) 2679 c,d 2679 c,d
AF = Soil-Skin Adherence Factor (mg/cm2) 0 03 c,e 0 03 c,e
ABS = Absorption Factor (umtless) (ChemLcal Specific) (Chemical Specific) 
ET = Exposure Ttme (8 hours per 8 hour workday) 1 b 1 b
EF = Exposure Frequency (day/year) 250 a 250 a
ED = Exposure Duration (year) 25 a 25 a
CF = Converston Factor (kg/mg) 1 OOE-06 1 O0E-06
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 9125 a

Particulate Inhalation:
CDI = Cs * (1/PEF) * IR * ET * EF * 

BW * AT
CS = Concentration in soil (mg/kg)

PEF = Pamculate Emission Factor (m3/kg)
IR = InhalatLon Rate (m3/day)
El" = Exposure Time (8 hours per 8 hour workday)
EF = Exposure Frequency (day/year)

ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Avera~m~ Time (days)
References:

EPC EPC
1 32E+09 g 1 32E+09 g

20 a 20 a
lb lb

250 a 250 a
25 a 25 a
70 a 70 a

25550 a 9125 a

a = EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure

Factors" OSWER DLrectwe 9285 6-03, March 25, 1991
b = T~me spent outdoors in the contaminated areas using best professional judgment, based on the nature of the activity
c = EPA Exposure Factors Handbook, August 1997
d = Surface area of 1/2 head, forearms and the hands of an adult worker
e = AF calculated for soil adherence can be found Ln AppendLx G
f = Chemtcal-specff~c absorption factors are found in Appendix G

g = Particulate emission factor (PEF), adapted from EPA, So~l Screening Guidance: Technical Backgrounc
Document, May 1996

PJ147543JAPPI7FU6a]I xlsJ66SSIW-lntake 1-204
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TABLE 17.7a

Site #66 So=I Column -Hypothetical Future IndustnaJ Worker Scenario
Mernphls Depot Main Installation RI

488 600

Ingestion:

CDI = 1~8 * JR * FI * EF * ED * CF
BW * AT

Cs = Concentrahon tn soil (mg/kg)
IR = Ingest,on Rate (mg/day)
FI = Fraction Ingested (umtless)

EF = Exposure Frequency (day/year)
ED = Exposure Durabon (year)
CF = Conversion Factor (kg/mg)
BW = Body Weight (kg)
AT = Averagm9 Time (days)

Carcinogenic Noncarcinoaenic

EPC EPC

50 a 50 a

1 1
250 a 250 a

25 a 25 a

1.00E-06 1.00E-06

70 a 70 a
25550 a 9125 a

Dermal:
CDI = Cs *SA * AF * ABS * ET * EF * ED * CF

BW * AT
Cs = Concentration m soft (mg/kg) EPC EPC

SA = Surface Area (cm2) 2679 c,d 2679 c,d
AF = Soil-Skin Adherence Factor (mg/cm2) 0 03 c,e 0 03 e,e
ABS = Absorption Factor (unitless) (Chemical Specific) (Chemical Specific) 

ET = Exposure Time (8 hours per 8 hour workday) I b 1 b

EF = Exposure Frequency (day/year) 250 e 250 a
ED = Exposure Duration (year) 25 a 25 a

CF = Converston Factor (kg/mg) 1 00E-06 1 00E-06
BW = Body Wekght (kg) 70 a 70 a

AT = Averaging Tfme (days) 25550 a 9125 a

Particulate Inhalation:
COl = Cs * (1/PEF) * IR * ET * EF * 

BW * AT
Cs = Concentration in soil (mg/kg)
PEF = Particulate Emtsslon Factor (m3/kg)

IR = Inhalation Rate (m3/day)
ET = Exposure Time (8 hours per 8 hour workday)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)

AT = Averagmg Time (days)
References:

EPC EPC
1.32E+09 g I 32E+09 g

20 a 20 a
lb lb

250 a 250 a

25 a 25 a
70 a 70 a

25550 a 9125 a

a = U S EPA, Human Health Evaluabon Manual, Supplemental Guidance "Standard Default Exposure
Factors" OSWER Directive 9285 6-03, March 25, 1991.

b = Time spent outdoors in the contaminated areas using best professional judgement, based on the nature of the activity
c = U S. EPA Exposure Factors Handbook, August 1997

d = Surface area of 1/2 head, forearms and the hands of an adult worker
e = AF calculated for soil adherence can be found m Appendix G

f = Chem~cal-specffic absorptton factors are found ~n Appendtx G
g = Particulate emission factor (PEF), adapted from U S EPA, Soil Screening Guidance Technical Backgroun(

Document, May 1996.

P J147543]APPI7FU6a~I :ds/66SBIW-lntake F207
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TABLE 17-8a

Site #66 Sod Column -Hypofhefcal Current/Future Utihty Worker Scenanc

Mernphzs Depot Ma~n Instal~at/on RI

Ingestion:
CDI= Cs* IR* FI * EF* ED*CF

BW * AT

Cs = Concentration in sod (mg/kg)
IR = Ingestion Rate (mg/day)

FI = Fraction Ingested (umtless)
EF = Exposure Frequency (day/year)

ED = Exposure Duratton (year)
CF = Cenverston Factor (kg/mg)

BW = Body Wetght (kg)
AT = Averaging Time (days)

Carcinouenic Noncarcinouenic

EPC EPC
100 c 100 c

0.5 0 5
24 d 24 d

25 a 25 a
1.00E-06 1.00E-06

70 a 70 a
25550 a 9125 a

Dermal:

CDI = Cs *SA * AF * ARS * ET * EF * ED * CF
BW * AT

Cs = Concentratton in soil (mg/kg) EPC EPC
SA = Surface Area (cm2) 2679 e,f 2679 e,f
AF = Sod-Skin Adherence Factor (mg/cm2) 0,1 e,g 0 1 e,g
ABS = Absorptton Factor (un]tless) (Chem=cal Specfftc) (Chem=cal Specfftc) 
ET = Exposure T=me (8 hours per 8 hour workday) 1 b 1 b
EF = Exposure Frequency (day/year) 24 d 24 d
ED = Exposure Duration (year) 25 a 25 a
CF = Converston Factor (kg/mg) 1 00E-06 1 0OE-06
BW = Body Wetght (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 9125 a

Particulate Inhalation:

CDI = Cs * (1/PEF) * IR * ET * EF * 
BW * AT

Cs = Concentratton m soil (mg/kg)

PEF = Particulate Emtsslon Factor (m3/kg)

IR = lnhalatzon Rate (m3/day)

ET = Exposure Time (8 hours per 8 hour workday)
EF = Exposure Frequency (day/year)

ED = Exposure Duration (year)
BW = Body Wetght (kg)
AT = Averaging Time (days)
References:

EPC EPC
1 32E+09 I 1 32E+09 t

20 a 20 a
lb lb

24 d 24 d
25 a 25 a
70 a 70 a

25550 a 9125 a

a = U S EPA, Human Health Evaluation Manual, Supplemental Gutdance "Standard Default Exposure

Factors" OSWER DErectlve 9285 6-03, March 25, 1991.
b =Ttme spent outdoors in the contammated areas based on the nature of the acttvlty, assuming full workday
c = Supplemental Guidance to RAGS. Region 4 Bulletins, Human Health Rtsk Assessment, Interim, November 1995.

d = Ut~hty acttvlty assumed to be twtce a month throughout the year

e= U S EPA Exposure Factors Handbook, August 1997
f = Surface area of 1/2 head, forearms and the hands of an adult worker.

g = AF calculated for soil adherence can be found tn Appendtx G.
h = Chemtcat-spectf~c absorphon factors are found in Appendix G.
i = Particulate emlssron factor (PEF), adapted from U S.EPA, Soll Screening Guidance" Technical Background

Document, Ma7 1996

PJ147543]APPITFU6all xtsi66SBUW-lntake 1-210
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TABLE 17-9a

FU6 Sediment -Hypothettca~ Current/Future Mamtenance Worker Scenan¢

Memphis Depot Main Installation RI

488

Ingestion:
CDI = Csd * IR * FI * EF * ED * CF

BW * AT

Csd = Concentratton in sediment (mg/kg)

IR = Ingestion Rate (mg/day)

FI = Fraction Ingested (unltless)

EF = Exposure Frequency (clay/year)

ED = Exposure Duration (year)

CF = Conversion Factor (kg/mg)

BW = Body Weight (kg)

AT = Averaging Time (days)

Dermal:

CDI =

Carcinoaenic Noncarcinoaenic

EPC EPC

50a, b 50a, b
1 1

12 d 12 d

25 e 25 e
1 00E-06 1 00E-06

70 e 70 e
25550 e 9125 e

Csd *SA * AF * ABS * ET * EF * ED * CF
BW * AT

Csd = Concentratton in sedtment (mg/kg) EPC EPC

SA = Surface Area (cm2) - wading 2679 f,g 2679 f,g

AF = So=l-Skin Adherence Factor (mg/cm2) 0.1 g,h 0.1 g,h

ABS = Absorption Factor (unitless) (Chemical Specific) (Chemical Specific) 

ET = Exposure Time (4 hours per 8 hour workday) 0 5 c 0,5 c

EF = Exposure Frequency (day/year) 12 d 12 d

ED = Exposure Duratton (year) 25 e 25 e

CF = Conversion Factor (kg/mg) 1 00E-06 1 00E-06
BW = Body Weight (kg) 70 e 70 e

AT = Averaging Time (days) 25550 e 9125 e

Inhalation: No values available for inhalation pathway

References:
a = Supplemental Guidance to RAGS Region 4 Bulletins, Human Health Risk Assessment, Interim, November 1995
b = A conservahve ingest=on rate based on industrial soil intake is assumed.

c = Half a workday =s assumed to be spent outdoors =n the contaminated areas based on the nature of the actw=ty
d = Once a month matntenance act~vtty throughout the year ~s assumed
e = U S EPA, Human Health Evaluatton Manual, Supplemental Guidance’ "Standard Default Exposure

Factors," OSWER D~rective 9285 6-03, March 25, 1991
f = Surface area of hands, 1/2 arms and face (1/2 head) of an adult worker
g = U.S.EPA Exposure Factors Handbook, August 1997.
h = AF calculated for soil adherence can be found m Appendix G

i = Chemical-specific absorption factors are found m Appendix G

PJ147543/APPI7FU6all xls/FU6SOMW-lntake 1-213
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TABLE 17.10a

FU6 Sump Sediment -Hypothetical Future Industnal Worker Scenano
Memphis Depot Main Installation RI

Ingestion:
CDI = .....

BW*AT
Csd = Concentration in sediment (mg/kg)
IR = Ingestion Rate (mg/day)
FI = Fraction Ingested (unitless)

EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)

CF = Conversion Factor (kg/mg)
BW = Body WeCght (kg)

AT = Averaging Time (days)

Carcinogenic Noncarcinoaenic

EPC EPC
50a, b 50a, b
1 1

50 c 50 c
25 d 25 d

1 00E-06 1.00E-06
70 d 70 d

25550 d 9125 d

Dermal:
CDI = Csd *SA * AF * ABS * ET * EF * ED" CF

BW * AT
Csd = Concentration in sediment (mg/kg) EPC EPC
SA = Surface Area (cm2) - wading 2679 e,f 2679 e,f
AF = Soil-Skin Adherence Factor (mg/cm2) 0.1 g,f 0 1 g,f
ABS = Absorption Factor (undless) (Chemical Specific) (Chemical Specific) 
El" = Exposure Time (1 hour per 8 hour workday) 0.125 i 0 125 i
EF = Exposure Frequency (day/year) 50 c 50 c
ED = Exposure Duration (year) 25 d 25 d
CF = Conversion Factor (kg/mg) 1 00E-06 1.00E-06
BW = Body Weight (kg) 70 d 70 d
AT = Averaging Time (days) 25550 d 9125 d

Inhalation: No values available for inhalation pathway
References:
a = Supplemental Guidance to RAGS. Region 4 Bulletins, Human Health Risk Assessment, Interim, November 1995
b = A conservative ingestion rate based on industrial soil retake is assumed
c = Exposure ~s assumed to be once a week (excluding vacation)
d = U.S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure

Factors," OSWER Directwe 9285 6-03, March 25, 1991.
e = Surface area of hands, 1/2 arms and face (1/2 head) of an adult worker
f = U S EPA Exposure Factors Handbook, August 1997
g = AF calculated for so~l adherence can be found in Appendix G
h = Chemical-specific absorption factors are found in Append=x G

i = One hour of a workday ts assumed to be spent outdoors m the contaminated areas based on the nature of the activity

PJ147543/APPI7FU6all xls/FU6SDIW-lntake 1-216
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Append~l-8
A. FU7 Groundwa~r

1-219



488 613

THIS PAGE INTENTIONALLY LEFT BLANK.

1-220



TABLE 18-1s
FU7 Groundwater (Potable Use} - Hypothetical Future lndustnal Worker Scenano
Msrnphts Depot Mmn /nstallabon R/

488 614

Ingestion:
Intake for non-carcmogenzc and carclnogentc compounds"

CDI-- C_,:_ * IR" EF*ED
BW * AT

Cg,,, = . Concentration in groundwater (mg/L)

IR = Ingestion Rate (L/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Averagtng Time (days)

Dermal:
Intake for non-carcinogenic and carcmogen=c compounds:

CDI = Cow *SA * PC * ET * EF * ED * CF
BW * AT

Cgw = Concentration In groundwater (mg/L)

SA = Surface Area (cm2)

PC = Dermal Permeabdlty Constant (cm/hr)
ET = Exposure Ttme (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)

CF = Converston Factor (L/cm3)

BW = Body Weight (kg)
AT = Averaging Time (days)

Carclnoqenl¢ Noncarcinoqenic

EPC EPC

la la
250 a 250 a
25 a 25 a
70 a 70 a

25550 a 9125 a

EPC EPC

2679 b,c 2679 b,c
(Chemtcal Spectf~c) (Chemical Specific) 

0 007 b,e 0 007 b,e
250 a 250 a
25 a 25 a

100E-03 1 00E-03
70 a 70 a

25550 a 9125 a

Inhalation:

CDI = Ingestion CDI from above g

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance. "Standard Default Exposure Factors"

OSWER Directive 9285 6-03, March 25, 1991
b = Default factors adapted from EPA Exposure Factors Handbook, August 1997
c = Surface area represents 1/2 head. 1/2 arms, and the hands of an adult worker
d = Dermal Permeabthty Constant for water (0 001 ) used for constituents without a PC value, all values adapted

from EPA, Dermal Exposure Assessment Prmctples and Apphcabons, January 1992
e = 10 minute event x 1 hour/60 mmutes x 1 day/24 hours = 0 007 day per event
g = follows EPA Reg=on IV gutdance (i e, inhalation of groundwater volatdes wh=le showenng/bathmg

is accounted for by doubhng the mgestion volume), USEPA Supplemental Guidance to RAGS Regton 
Bulletins, Human Health Risk Assessment, Interim, November 1995

Pl147543/APP~SFU7gw xls]GWlW-Intake 1-221
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TABLE 18-2a

FU7 Groundwater (Potable Use)- Hypothetical Future Residential Adult Scenan(
Memphis Depot Math Installatton RI

Carcinoqemc NoncarcmoRenic

Ingestion: Age-specdlc intake (for carcinogenic compounds only)’
Intake for r Co~ * IR" EF°ED CDladj = C~* EF* CF* IR.~
CDI = BW * AT AT

Concentration in groundwater (rag/L) EPC EPC
C~ = Ingestion Rate (L/day} N/A 2 a
IR = Age-adjusted Ingestion Rate (L-year/kg-day) 1.1 b N/A
IR,,~I = Exposure Frequency (day/year) 350 a 350 a
EF = Exposure Duration (year) 30 a 30 a
ED = Body Weight (kg) 70 a 70 a
BW = Averaging Ttme (days) 25550 a 10950 a
AT =

Dermal:

Intake for r
CDI =

Age-specific retake (for caminogemc compounds only)

C0w *SA * PC* ET* EF* ED" CF CDI.dj = C... *SA..~* PC * ET * EF * CF
BW * AT AT

Concentration In groundwater (rag/L) EPC EPC
C~, = Surface Area (cm2)

N/A 20000 b,c
SA = Age-adjusted Surface Area (crn2-yr/kg) 9480 b,c N/A
SAadj = Dermal Permeabdtty Constant (cm/hr) (Chemical Specific) (Chemical Specific) 
PC = Exposure Time (hr/day) 0.007 b,e 0 007 b,e
ET = Exposure Frequency (day/year) 350 a 350 a
EF = Exposure Duration (year) 30 a 30 a
ED = Converston Factor (L/cm3) 1 00E-03 1 00E-03
CF = Body Weight (kg) 70 a 70 a
BW = Averaging Time (days) 29590 a 10950 a
AT =

Inhalation Ingestion CDI from abovef

CDI =

References:
a = U S EIOSWER Directive 9285 6-03, March 25, 1991

b=Ageoa¢lRadl = IRc x EDc + IRa x (EDa-EDc) = lx6 + 2x(30-6)
BWc BWa 15 70

1.09 (L-year, V(kg-day)

b = USEPA Exposure Factors Handbook, August 1997
c = Total Body Surface Area represents whole body (average of male & female adults).
f=Age-adSAadj = SAc x EDc + SAa x (EDa-EDc) = 6557x6

BWc BWa 15
9480 (cm2-yeart/(kg)

20000 x (30-6)
70

d = Derma from EPA, Dermal Exposure Assessment Pnnctples and Apphcat~ons, January 1992.

e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0 007 day per event
f = follows ts accounted for by doubhng the mgeshon volume), USEPA Supplemental Guidance to RAGS Regton 

Bulletins, Human Health Rtsk Assessment, Intenm, November 1995

P/147543/APPISFUTgw xls/GWRAJntake 1224
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TABLE [8-3a

FU7 Groundwater (Potable Use) -Hypothettcal Future Residential Child Scenario
Memphis Depot Matn Installahon RI

,188 620

Ingestion:
Intake for non-carcinogenic and carcinogenic compounds

CDI= Co= " IR* EF*ED
BW * AT

C~ = Concentration in groundwater (mg/L)

IR = Tngest=on Rate (L/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Averaging Time (days)

Dermal:
Intake for non-carcmogemc and carclnogemo compounds.

CDI = Cow *SA * PC * ET * EF * BD * CF
BW * AT

C~ = Concentrahon in groundwater (mg/L)

SA = Surface Area (cm2)

PC = Dermal Permeability Constant (cm/hr)
ET = Exposure Time (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)

CF = Conversion Factor (L/cm3)

BW = Body We=ght (kg)
AT = Averaging Time (days)

Cercinoqenic Noncarcinoqenlc

EPC EPC

la la
350 a 350 a

6a 6a
15a 15a

25550 a 2190 a

EPC EPC

6557 b, C 6557 b, c
(Chemical Specific) (Chemical Specific) 

0 007 b.e 0 007 b,e
350 a 350 a

6a 6a

1 00E-03 1 O0E-03
15a 15a

25550 a 2190 a

Inhalation:

CDI = ingestion CDI from above f

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER D=rectwe 9285 6-03, March 25, 1991.
b = US EPA Exposure Factors Handbook, August 1997

Manual, Supplemental Guidance, Dermal Risk Assessment, Interim Guadance, May 1998
c = Total Body Surface Area represents whole body (average of male & female children (1-6 years old))
d = Dermal Permeablhty Constant for water (0 001 ) used for constituents without a PC value, all values adapted

from EPA, Dermal Exposure Assessment’ Pnnciples and Apphcatlons, January 1992
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = O 007 day per event
f = follows EPA Region IV guidance 0 e, inhalation of groundwater votatdes while showenng/bathmg

is accounted for by doubling the ingestion volume), USEPA Supplemental Guidance to RAGS Region 
Bulletins, Human Health Risk Assessment, Intenm, November 1995

P/147543/APRSFU7gw xJs/GWRC-Int&ke [-227
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TABLE 18-4a
FU7 Plume A Groundwater (Potable Use) - Hypothetca[ Future Industnal Worker Scenano
Memphis Oepot Matn Installation RI

Ingestion:
Intake for non-carcinogenic and carcmogenzc compounds"

CDI = C_.., * IR * EF * ED

Carcinoqenic NoncarcinoqenJc

BW*AT
C~ = Concentration in groundwater (rag/L) EPC EPC
IR = ingestion Rate (L/day) 1 a 1 a
EF = Exposure Frequency (day/year) 250 a 250 a
ED = Exposure Duration (year) 25 a 25 a
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 9125 a

Dermal:
intake for
CDI =

non-carcinogenic and carcinogenic compounds-
C0w’SA* pC * ET * EF* ED * CF

BW * AT

Cgw = Concentration in groundwater (mg/L) EPC EPC
SA = Surface Area (cm2) 2679 b,c 2679 b,c
PC = Dermal Perrneabddy Constant (cm/hr) (Chemical Specific) (Chemical Specific) 
ET = Exposure Time (hr/day) 0 007 b,e 0 007 b,e
EF = Exposure Frequency (day/year) 250 a 250 a
ED = Exposure Duration (year) 25 a 25 a
CF = Conversion Factor (L/cm3) 100E-03 1 00E-03
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 9125 a

Inhalation:

CDI = Ingestion CDI from above n

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Direct=re 9285 6-03, March 25, 1991
b = Default factors adapted from EPA Exposure Factors Handbook, August 1997
c = Surface area represents 1/2 head, 1/2 arms, and the hands of an adult worker
d = Dermal Perrneabdity Constant for water (0 001 ) used for constituents w~thout a PC value, all values adapted

from EPA, Dermal Exposure Assessment Prmc=ples and Applications, January 1992
e = 10 minute event x 1 hour/60 m~nutes x 1 day/24 hours = 0 007 day per event
g = follows EPA Region IV guidance 0 e, ¢nhalat=on of groundwater volatdes while showering/bathing

is accounted for by doubhng the ingestion volume), USEPA Supplemental Guidance to RAGS Region 
Bulletins, Human Health Risk Assessment, Intenm, November 1995

P J147543/APPISFU7gw xlslAGWlW*lnt ake 1-230
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TABLE 18-5a
FU7 Plume A Max Groundwater (Potable Use) -Hypothettcal Future Industnal Worker Scenano
Memphis Depot Main Installation RI

Ingestion:
Intake for non-carcinogenic and carcmogen=c compounds:

CDI= Cow*lR* EF*ED

Carcinoqenlc

BW*AT

C~ = Concentration in groundwater (mg/L) EPC

IR -- Ingestion Rate (L/day) t a
EF = Exposure Frequency (day/year) 250 a
ED = Exposure Duration (year) 25 a
BW = Body Weight (kg) 70 a
AT = Averag=ng Time (days) 25550 a

Dermal=
Intake for non-carcinogenic and carcinogenic compounds
CDI = Cow °SA * PC * ET * EF * ED * CF

BW * AT

Cg,, = Concentrat=on m groundwater (mg/L)

SA = Surface Area (cm2)

PC = Dermal Permeablhty Constant (crn/hr)
ET = Exposure Ttme (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure DuratEon (year)

CF = Converszon Factor (L/cm3)

BW = Body Weight (kg)
AT = Averagmg Time (days)

Noncarclnoqenic

EPC
la

250 a
25 a
70 a

9125 a

EPC EPC

2679 b,c 2679 b,c
(Chemical Specdic) (Chemical Specd;c) 

0 007 b,e 0 007 b,e
250 a 250 a
25 a 25 a

1.00E-03 1.00E-03
70 a 70 a

25550 a 9125 a

Inhalation:

CDI = Ingestion CDI from above g

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Dtrectlve 9285 6°03, March 25, 1991
b = Default factors adapted from EPA Exposure Factors Handbook, August 1997
c = Surface area represents 1/2 head. 1/2 arms, and the hands of an adult worker
d = Dermal PermeabdJty Constant for water (0 001 ) used for constituents without a PC value, all values adapted

from EPA, Dermal Exposure Assessment Principles and Apphcatlons, January 1992
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0 007 day per event
g = follows EPA Region IV gu=dance (= e, mhalahon of groundwater volatdes whde showermg/bathtng

is accounted for by doubling the ingestion volume), USEPA Supplemental Gu=danca to RAGS: Region 
Bulletins, Human Health Risk Assessment, Intenm, November 1995

PJ147543/APPISFU7gw xls/MAXAGWlW-tntake 1-233
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TABLE 18-6a

FU7 Plume A Groundwater (Potable Use)- Hypothetcal Future Res~denha[ Adult Scenano
Memphts Depot Mash Installation R/

Ingestion:

intake for non-carcinogenic compounds

CDI= C.w * IR * EF*ED

Carclnoqenic Noncarcinoqenic

Age-specific retake (for carcmogentc compounds only):

CDI.d] = C~ * EF * CF * IR .,,,
BW * AT AT

Cr,, = Concentration m groundwater (mg/L) EPC EPC
IR = Ingestton Rate (L/day) N/A 2 a
IR,di = Age-adjusted Ingestion Rate (L-year/kg-day) 1.1 b N/A
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duratton (year) 30 a 30 a
BW = Body Werght (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 10950 a

Dermal:

Intake for non-carcmogentc compounds’

CDI= C~*SA* PC* ET* EF* ED * CF

Age-specific intake (for carcinogenic compounds only).

CDladI = C~ *SA.~ * PC * ET * EF * CF
BW * AT AT

Cg. = Concentration m groundwater (mg/L) EPC EPC

SA = Surface Area (cm2) N/A 20000 b,c
SA.~I = Age-adjusted Surface Area (cm2-yr/kg) 9480 b,c N/A
PC = Dermal Perrneablhty Constant (crn/nr) (Chemrcal Specific) (Chemical Specific) 
ET = Exposure Time (hr/day) 0 007 b,e 0 007 b,e
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 30 a 30 a
CF = Conversion Factor (L/cm3) 1 00E-03 1 00E-03
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 10950 a

Inhalation:
CDI = Ingestion CDI from above f

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Directwe 9285 6-03, March 25, 1991
b = Age-adjusted mgeshon rate for adults, adjusted for body weight and time for carclnogemc exposure

IRadi = IRc x EDc + IRa x (EDa-EDc) = lx6 + 2x(30-6)
BWc BWa 15 70

1.09 (L.year)/(kg-day)
b = USEPA Exposure Factors Handbook, August 1997
c = Total Body Surface Area represents whole body (average of male & female adults)
f = Age-adjusted surface area for adults, adjusted for body weight and time for carcinogenic exposure

SAad! = SAc x EDc + SAa x (EDa-EDc) = 6557x6 + 20000x(30-6)
BWc BWa 15 70

9480 (cm2-year.V(kg)

d = Dermal Ferrneabdity Constant for water (0 001) used for constituents without a PC value, all values adapted
from EPA, Dermal Exposure Assessment Pnnctples and Apphcattons, January 1992.

e = 10 minute event x t hour/60 minutes x 1 day/24 hours = 0 007 day per event
f = follows EPA Region IV guidance (i e, inhalation of groundwater volatdes while showenng/bathmg

ts accounted for by doubhng the ingestion volume), USEPA Supplemental Guidance to RAGS" Region 
Bulletins, Human Health Risk Assessment, Intenm. November 1995

P J147543tAPPtSFU7gw xlgAGWRA-Ir~take 1-236
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TABLE 18-7a

FU7 Plume A Max Groundwater (Potable Use) - Hypothetical Future Res=dential Adult Scenan(
Memphis Depot Main Insta/lat~on RI

Ingestion:
Intake for non-carclnogemc compounds:

CDI= C0. * IR * EF*ED

Carcinogenic Noncarcinoqenic

Age-specific intake (for carclnogentc compounds only)’

CDI=~i = C~ ° EF ° CF ° IR.A!
BW * AT AT

C~ = Concentration in groundwater (mg/L) EPC EPC

IR = " Ingestion Rate (L/day) N/A 2 a

IR,di = Age-adjusted Ingestion Rate (L-year/kg-day) 1.1 b N/A

EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Durat=on (year) 30 a 30 a
BW = Body Wetght (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 10950 a

Dermal:

intake for non-carcinogenic compounds
CDI = C~ "SA ° PC * ET * EF * ED * CF

Age*specific intake (for carcinogenic compounds only):

CDI.dj = Cow *SAaaI* PC * ET * EF * CF
BW * AT AT

C~ = Concentration in groundwater (rag/L) EPC EPC

SA = Surface Area (cm2) N/A 20000 b,c

SA,dj= Age-adjusted Surface Area (cm2-yr/kg) 9480 b,c N/A
PC = Dermal Permeability Constant (cm/hr) (Chemical Specific) (Chemical SpecilJc) 
ET = Exposure T=me (hr/day) 0 007 b,e 0 007 b,e
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 30 a 30 a

CF = Conversion Factor (L/cm3) 1 OOE-03 t 00E-03
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 10950 a

Inhalation:

CDI = Ingestion CDI from above f

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Directive 9285 6-03, March 25. 1991
b = Age-adlusted ingestion rate for adults, adjusted for body weight and time for carcinogenic exposure.

IRadj = IRc x EDc + IRa x {EDa - EDc) 1 x 6 + 2 x (30-6)
BWc BWa 15 70

1.09 (Loyear)/(kg-day)
b = USEPA Exposure Factors Handbook, August 1997
c = Total Body Surface Area represents whole body (average of male & female adults)
f = Age-adjusted surface area for adults, adjusted for body weight and eme for carclnogentc exposure.

SAadj = SAc x EDc + SAa x (EDa-EDc) = 6557x6 + 20000x(30-6)
BWc BWa 15 70

9480 (cm~-year)/(kg)
d = Dermal Perrneabthty Constant for water (0 001) used for constituents wdhout a PC value, all values adapted

from EPA, Dermal Exposure Assessment Pnnctples and ApphcatEons, January 1992
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0.007 day per event

f = follows EPA Region IV guidance 0 e, mhalahon of groundwater volatdes whde showenng/bathmg
is accounted for by doubhng the mgesbon volume), USEPA Supplemental Guidance to RAGS Regton 

Bullebns, Human Health Rtsk Assessment, Intenrn, November 1995

P Jt47543/APPIBFU7gw xtsrMAXAGWRA-Intake 1-239
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TABLE 18-8a

FU7 Plume A Groundwater (Potable Use) - Hypothetical Future Residential Child Scenano
Memphts Depot Ma~n Installahon RI

Ingestion:
Intake for non-carcinogenic and carcinogenic compounds.

CDI= C0.,. * IR * EF*ED
BW * AT

Cg. = Concentration in groundwater (mg/L)

IR = Ingestion Rate (L/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Averaging Time (days)

Dermal:
Intake for non-carc~nogemc and carcinogenic compounds

CDI = C... *SA * PC * ET * EF * ED * CF
BW * AT

Cg. = Concentrabon rn groundwater (rag/L)

SA = Surface Area (cm2)

PC = Dermal Permeability Constant (cm/hr)
ET = Exposure Time (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)

CF = Conversion Factor (L/cm3)

BW = Body Weight (kg)
AT = Averaging Time (days)

Carcinoqeni¢ Noncarcinoqenic

EPC EPC
la la

350 a 350 a
6a 6a

15a 15a
25550 a 2190 a

EPC EPC

6557 b, c 6557 b, c
(Chemical Specific) (Chemical Specific) 

0 007 b,e 0 007 b,e
350 a 350 a

6a 6a
1 00E-03 1 00E-03

15a 15a
25550 a 2190 a

Inhalation:
CDI = Ingestion CDI from above f

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Directive 9285 6-03, March 25, 1991.
b = US EPA Exposure Factors Handbook, August 1997

Manual, Supplemental Guidance, Dermal Risk Assessment, Interim Guidance, May 1998.
c = Total Body Surface Area represents whole body (average of male & female children (1-6 years old))
d = Dermal Permeability Constant for water (0 001 ) used for consbtuents without a PC value, all values adapted

from EPA, Dermal Exposure Assessment’ Pnnclples and Appl=catlons, January 1992
e = 10 minute event x 1 hour/60 minutes x I day/24 hours = 0 007 day per event
f = follows EPA Region IV guidance (0 e, inhalation of groundwater volat~les whde showenng/bathmg

~s accounted for by doubling the ingestion volume), USEPA Supplemental Guidance to RAGS Regton 
Bullebns, Human Health Risk Assessment, Intenm, November 1995

P/147543/APPI8FU7gw xls/AGWRC-Intake 1-242
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TABLE 18-9a

FU7 Plume A Max Groundwater (Potable Use) - Hypothetical Future Residential Child Scenano
Memphis Depot Maln Installation RI

Carcinoqenic

"F

Noncarcinoqenic
Ingestion:
Intake for non-carcmogemc and carcinogemc compounds
CDI= C..., * IR * EF" ED

BW * AT

Cg. = Concentration In groundwater (rag/L) EPC
IR = Ingestion Rate (L/day) 1 a
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 6 a
BW= Body Weight (kg) 15 a
AT = Averaging Time (days) 25550 a

Dermal:
Intake for non-carcmogemc and carcinogenic compounds"

CDI = Cew *SA * PC * ET * EF * ED * CF
BW * AT

Cg. = Concentration in groundwater (mg/L)

SA = Surface Area (cm2)

PC = Dermal Permeability Constant (cm/hr)
ET = Exposure Time (hr/day)

EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)

CF = Conversion Factor (L/cm3)

BW = Body Weight (kg)
AT = Averaging Time (days)

EPC
la

350 a
6a

15a
2190 a

EPC EPC

6557 b, c 6557 b, c
(Chemical Specific) (Chemical Specific) 

0 007 b,e 0 007 b,e
350 a 350 a

6a 6a

1.00E-03 1 00E-03
15a 15a

25550 a 2190 a

Inhalation:

CDI = Ingestion CDI from above f

References;
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance. "Standard Default Exposure Factors"

OSWER Directive 9285 6-03, March 25. 1991
b = US EPA Exposure Factors Handbook, August 1997

Manual, Supplemental Gu=dance, Dermal Risk Assessment, Interim Guidance, May 1998
c = Total Body Surface Area represents whole body (average of male & female children (1-6 years old))
d = Dermal Permeabd~ty Constant for water (0 001) used for constituents without a PC value; all values adapted

from EPA, Dermal Exposure Assessment Pnnclples and Applications, January 1992
e = 10 m~nute event x 1 hour/60 minutes x 1 day/24 hours = 0.007 day per event
f = follows EPA Region IV gu=dance (i e, inhalation of groundwater volatdes whde showering/bathing

is accounted for by doubhng the mgeshon volume), USEPA Supplemental Guidance to RAGS, Region 
Bulletins, Human Health Risk Assessment, Interim, November 1995

P/147543/APPI8FU7gw xlsJMAXAGWRC.Intske 1-245



488 639



) 
3 o

488 640

o=

2..



488 641

TABLE 18-10a

FU7 Plume B Groundwater (Potable Use) - Hypothetical Future Industnal Worker Scenano
Memphis Depot Ma~n /nsta//at~on R~

Ingestion:
Intake for non-carcmogen~c and carcinogenic compounds:

DDI= C~* IR* EF*ED
BW * AT

C~ = Concentrabon m groundwater (mg/L)

IR = Ingestion Rate (L/day)
EF = Exposure Frequency (day/~ear)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Averaging Time (days)

Dermal:
Intake for non-carcinogenic and carcinogenic compounds:
CDI = Col *SA * PC * ET * EF * ED * CF

BW * AT
C~ = Concentration in groundwater (mg/L)

SA = Surface Area (cm2)

PC = Dermal Permeabd=ty Constant (cm/hr)
ET = Exposure Time (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)

CF = Conversion Factor (L/cm3)

BW = Body Weight (kg)
AT = Averaging Time (days)

Carcinoqeni¢ Noncareinoqenlc

EPC EPC
la la

250 a 250 a
25 a 25 a
70 a 70 a

25550 a 9125 a

EPC EPC

2679 b,c 2679 b,c
(Chemical Specific) (Chemical Specific) 

0 007 b,e 0,007 b,e
250 a 250 a
25 a 25 a

1 00E-03 1 00E-03
70 a 70 a

25550 a 9125 a

Inhalation:

CDI = Ingestion CDI from above g

References:
a = U S EPA, Human Health Evaluation Manual, Supplementa~ Guidance "Standard Default Exposure Factors"

OSWER Directive 9285 6-03, March 25, 1991
b = Default factors adapted from EPA Exposure Factors Handbook, August 1997
c = Surface area represents 1/2 head, 1/2 arms, and the hands of an adult worker
d = Dermal Permeab~hty Constant for water (0 001 ) used for constituents without a PC value; all values adapted

from EPA, Dermal Exposure Assessment Principles and Apphcabons, January 1992
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0 007 day per event
g = fellows EPA Region IV guidance (i e, inhalation of groundwater volatdes while showerlngJbathmg

IS accounted for by doubhng the ingestion volume), USEPA Supplemental Guidance to RAGS Region 
Bulletins, Human Health Risk Assessment, Interim, November 1995

P J147543tAPPtSFUTgw x[s/BGWlW-lnlake 1-248



488 642

,?



488 643

8



TABLE 18-11a
FU7 Ptume B Max Groundwater (Potable Use)- Hypothetical Future Industnai Worker Scenano
Mernphts Depot Main Insta/lat~on RI

488

Ingestion:
Intake for non-carcmogemc and carcinogenic compounds:

CDI= Co=* IR * EF*ED
BW * AT

Cg,, = Concentration En groundwater (mg/L)
IR = Ingestron Rate (L/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Averaging Time (days)

Dermal:
Intake for non-carcmogemc and carcmogemc compounds.

CDI = Co= *SA * PC * ET * EF * ED * CF
BW * AT

Cg. = Concentration in groundwater (mg/L)

SA = Surface Area (cm2)

PC = Dermal Permeabdlty Constant (cm/hr)
ET = Exposure Ttme (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (L/cm3)

BW = Body Wetght (kg)
AT = Averaging Ttme (days)

Carcinoqenic Noncarcinoqenic

EPC EPC
la la

250 a 250 a
25 a 25 a
70 a 70 a

25550 a 9125 a

EPC EPC

2679 b,c 2679 b,c
(Chemical Specific) (Chemical Specific) 

0 007 b,e 0 007 b,e
250 a 250 a
25 a 25 a

t 00E-03 1 00E-03
70 a 70 a

25550 a 9125 a

Inhalation:
CDI = Ingestion CDI from above g

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Directive 9285 6-03, March 25, 1991
b = Default factors adapted from EPA Exposure Factors Handbook, August 1997
c = Surface area represents 1/2 head, 1/2 arms, and the hands of an adult worker
d = Dermal Permeabdity Constant for water (0 001) used for consbtuents wCthout a PC value, all values adapted

from EPA, Dermal Exposure Assessment Pnnciples and Apphcattons, January 1992.
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0 007 day per event.
g = follows EPA Regron IV guidance (= e, inhalation of groundwater volatdes whde showering/bathing

Js accounted for by doubhng the ingestion volume). USEPA Supplemental Gutdance to RAGS Region 
Bulletins, Human Health Rtsk Assessment, Intertm, November 1995

P J147543tAPPIBFU7gw xls/MAXBGWTW-Inlake 1-251
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TABLE 18-12a

FU7 Plume B Groundwater (Potable Use) - Hypothetical Future Residentta~ Adult Scenan(

Memphs Depot Main/nstaflatmn R~

Ingestion:

Intake for non-carcinogenic compounds:
CDI= C..,,, * IR * EF*ED

Carcinoqenic Noncarcino,qeni¢

Age-specific intake (for cammogen=c compounds only)’

CDI=dj = C-- * EF * CF * IR ..~,

BW * AT AT

Cmv =. Concentration in groundwater (mg/L) EPC EPC
IR = Ingestion Rate (IJday) N/A 2 a
IR,dj = Age-adNsted Ingestion Rate (L-year/kg-day) t 1 b N/A
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 30 a 30 a
BW = Body Weight (kg) 70 a 70 a
AT = Averaging T~me (days) 25550 a 10950 a

Dermal:

Intake for non-carcirlogenlc compounds

CDI = Cm~ "SA ° PC" ET * EF" ED * CF

Age-specific intake (for carcinogenic compounds only)’

CDl.=tj = C0~ "SA.tti" PC * ET ° EF" CF
BW * AT AT

C~ = Concentration in groundwater (mg]L) EPC EPC

SA = Surface Area (cm2) N/A 20000 b,c

SA=dl= Age-adjusted Surface Area (cm2-yr/kg) 9480 b,c N/A
PC = Dermal Permeability Constant (cnYhr) (Chemtcal Specific) (Chemical Specific) 
ET = Exposure Time (hr/day) 0 007 b,e 0 007 b,e
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Durat=on (year) 30 a 30 a

CF = Conversion Factor (LJcm~) 1 00E-03 1 00E-03
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 10950 a

Inhalation:
CDI = Ingestion CDI from above f

References:
a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guzdanee "Standard Default Exposure Factors"

OSWER Dtrectlve 9285 6-o3, March 25, 1991
b = Age-adjusted mgestton rate for adults, adjusted for body wetght and time for carcinogemc exposure

IRadj = IRc x EDc + IRa x (EDa-EDc) lx6 + 2x(30-6)
BWc BWa 15 70

1.09 (L-yeary(kg-day)
b = USEPA Exposure Factors Handbook, August 1997

c = Total Body Surface Area represents whole body (average of male & female adults).
f = Age-adjusted surface area for adults, adjusted for body wetght and ttme for carcmogenm exposure

SAadj = SAc x EDc + SAa x (EDa- EDc~ 6557 x6 + 20000x(30-6)
BWc BWa 15 70

9480 (cm2-year)/(kg)

d = Dermal Permeabdtty Constant for water (0 001) used for eonstLtuents wtthout a PC value, all values adapted
from EPA, Dermal Exposure Assessment Pnnciples and Applications, January 1992

e = t 0 minute event x 1 hour/60 minutes x 1 day/24 hours = 0.007 day per event
f = follows EPA Rag=on IV gutdanee 0 e., inhalation of groundwater volat=les while showenng/bathlng

ts accounted for by doubhng the ingestion volume), USEPA Supplemental Gutdance to RAGS Regton 

Bulletins, Human Health Rtsk Assessment, Intenm, November 1995

p j147543tAPP~SFU7gw xls~GWRA-Intake 1-254
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TABLE 18-13a

FU7 Plume B Max Groundwater (Potable Use) - Hypothetcal Future Residential Aduff Scenanc

Memphis Oepot Main InstallatJon RI

488 650

Ingestion:
intake for non-carcmogemc compounds"
CDI= C~*IR* EF*ED

Carcinoqeni¢ Noncarcinoqenic

Age-specific retake (for carcinogenic compounds only): 

CDI.ai = C.= * EF * CF * IR..,,
BW" AT AT

Caw = Concentrat=on =n groundwater (mg/L) EPC
IR = Ingestton Rate (L/day) N/A
IR=dj = Age-adjusted Ingestion Rate (L-year/~g-day) 1 1 b
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duratton (year) 30 a
BW = Body Weight (kg) 70 a
AT = Averaging T=me (days) 25550 a

Dermal:
intake for non-carcinogenic compounds.

CDI = Cow *SA * PC * ET * EF * ED * CF

EPC

2a

NIA

350 a
30 a
70 a

10950 a

Age-specific retake (for carcinogenic compounds only)

CDl=dI = Cow *SA..,, * PC * ET * EF * CF

BW " AT AT

C~ = Concentrahon in groundwater (mg/L) EPC EPC

SA = Surface Area (cm2) N/A 20000 b,c

SA=dj = Age-adlusted Surface Area (cm2-yr/kg) 9480 b,c N/A

PC = Dermal Permeability Constant (cmJhr) (Chemical Specdlc) (Chemical Specific) 
ET = Exposure T=me (hr/day) 0 007 b,e 0 007 b,e
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 30 a 30 a

CF = Conversion Factor (L/cm3) 1 00E-03 1 00E-03
BW = Body Wmght (kg) 70 a 70 a
AT = Averaging Ttme (days) 25550 a 10950 a

Inhalation:

CDI = Ingesbon CDI from above t

References:
a = U.S EPA, Human Health Evaluabon Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Dtrect~ve 9285 6-03, March 25, 1991,
b = Age-adjusted tngestion rate for adults, adjusted for body wetght and time for carcmogemc exposure

IRadl = IRc x EDc + IRa x (EDa-EDc) 1 x 6 + 2 x (30-6)
BWc BWa 15 70

1.09 (L.year)/(kg.day)
b = USEPA Exposure Factors Handbook, August 1997
c = Total Body Surface Area represents whole body (average of male & female adults)
f = Age-adjusted surface area for adults, adjusted for body weight and ttme for carcinogenic exposure

SAadl = SAc x EOc + SAa x (EDa-EDc) = 6557x6 + 20000x(30-6)
BWe BWa 15 70

9480 (cm2-year)/(kg)

d = Dermal Permeabdtty Constant for water (0 001) used for consutuents wdhout a PC value, all values adapted
from EPA, Dermal Exposure Assessment Pnnctples and Appltcabons, January 1992

e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0 007 day per event
f = follows EPA Region IV guidance 0 e., mhalat=on of groundwater volables whde showenng/bathmg

is accounted for by doubling the mgesuon vo]ume), USEPA Supplemental Gu=dance to RAGS Region 
Bulletins, Human Health Risk Assessment, Intenm, November 1995.

P J147543]APPtSFUTgw xlS/MAXBGWRA Intake 1257
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TABLE 18-14a
FU7 Plume B Groundwater (Potable Use) - Hypothetcal Future Rescdenttal Child Scenano

Memphis Depot Matn Installatton RI

Ingestion:
Intake for non-carcmogemc and carcinogen¢ compounds

CDI =

Cgw = *

IR =
EF =
ED =
BW =
AT =

BW * AT
Concentrabon in groundwater (mg/L)

Ingestion Rate (L/day)
Exposure Frequency (day/year)
Exposure Duratron (year)
Body Weight (kg)
Averaging Time (days)

Dermal:
intake for non-carcmogemc and carclnogemc compounds

CDI = C;_ *SA * PC * ET * EF * ED * CF
BW * AT

C~, = Concentrabon in groundwater (mg/L)

SA = Surface Area (cm2)

PC = Dermal Permeabihty Constant (cm/hr)
ET = Exposure T=me (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure Durabon (year)

CF = Converston Factor (L/cm3)

BW = Body Wetght (kg)
AT = Averaging Ttme (days)

Carcinogenic Noncarcinonenic

EPC EPC

la la
350 a 350 a

6a 6a
15a 15a

25550 a 2190 a

EPC EPC

6557 b. c 6557 b, c
(Chemical Specific) (Chemical Specific) 

0 007 b,e 0 007 b,e
350 a 350 a

6a 6a

1.00E-03 1 00E-03
15a 15a

25550 a 2190 a

Inhalation:

CDI = Ingestion CDI from above f

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance. "Standard Default Exposure Factors"

OSWER Directive 9285 6-03, March 25, 1991
b = US EPA Exposure Factors Handbook, August 1997

Manual, Supplemental Guidance, Dermal Risk Assessment, Intenm Guidance, May t 998
c = Total Body Surface Area represents whole body (average of male & female chddren (1-6 years old))
d = Dermal Permeab=hty Constant for water (O 001 ) used for constituents w~thout a PC value; all values adapted

from EPA, Dermal Exposure Assessment Prmciples and Appllcattons, January 1992
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0 007 day per event
f = follows EPA Region IV guidance (i e, inhalation of groundwater volattles whde showenng/bathmg

=s accounted for by doubhng the ingestion volume), USEPA Supplemental Guidance to RAGS Region 
Bulletins, Human Health Rtsk Assessment, Intenm, November 1995

P 1147543/APPISFUTgw xls/BGWRC-]ntake 1-260
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TABLE 18-15a

FU7 Plume B Max Groundwater (Potable Use) - Hyp0thetfcal Future Resldenttal Child Scenano
Memphts Depot Mazn Installatton RI

488 656

Ingestion:
Intake for non.carcinogenic and carcinogenic compounds:

CDI = Co,= * IR * EF * ED

Carc[noqenic

BW * AT

C~ = Concentration in groundwater (rag/L) EPC
IR = Ingestion Rate (L/day) 1 a
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 6 a
RW = Body Weight (kg) 15 a
AT = Averaging Time (days) 25550 a

Dermal:
intake for non-carcinogenic and carcinogenic compounds

CDI= Cow*SA * PC * ET* EF* ED * CF
BW * AT

C~ = Concentration =n groundwater (mg/L)

SA = Surface Area (cm2)

PC = Dermal Permeability Constant (cm/hr)
ET = Exposure Time (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duratton (year)

CF = Converston Factor (L/cm3)

BW = Body Wetght (kg)
AT = Averaging Ttme (days)

Noncarcinoqenic

EPC

la
350 a

6a
15a

2190 a

EPC EPC

6557 b, c 6557 b, c
(Chemical Spectfic) (Chemical Specific) 

0 007 b,e 0.007 b,e
350 a 350 a

6a 6a

1 00E-03 1 00E-03
15 a 15 a

25550 a 2190 a

Inhalation:

CDI = Ingestion CDI from above f

References:
a = U S EPA, Human Health Evaluatton Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Directive 9285 6-03, March 25, 1991.
b = US EPA Exposure Factors Handbook, August 1997

Manual, Supplemental Guidance, Dermal Rtsk Assessment, Intenm Guidance, May 1998.
e = Total Body Surface Area represents whole body (average of male & female children (1-6 years old))
d = Dermal Permeab]ltty Constant for water (0 001) used for consbtueots w=thout a PC value, all values adapted

from EPA, Dermal Exposure Assessment Pnnciples and Apphcations, January 1992.
e = t0 minute event x 1 hour/60 minutes x 1 day/24 hours = 0 007 day per event
f = follows EPA Region IV guidance (i e, inhalation of groundwater volatdes while showering/bathing

is accounted for by doubhng the tngest=on volume), USEPA Supplemental Gu=dance to RAGS Region 
Bullebns, Human Health Risk Assessment, lntenm, November 1995

PJ147543/APPISFU7gw xls~lAXBGWRC-Intake 1-263
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TABLE 18-16a

FU7 Plume C Groundwater (Potable Use)- Hypothebcal Future Industnsl Worker Scenano
Memphis Depot Main Installation RI

Ingestion:
Intake for non-carcinogenic and carcinogenic compounds
CDI = Cow * IR * EF * ED L

BW * AT

C~,, = Concentration in groundwater (mg/L)
IR = Ingestion Rate (L/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Wetght (kg)
AT = Averagmg Time (days)

Dermal:
Intake for non-carcinogenic and carcinogenic compounds
CDI = Cow *SA * PC * ET * EF * ED * CF

BW * AT

C~ = Concentration in groundwater (mg/L)

SA = Surface Area (cm2)

PC = Dermal Permeablhty Constant (cm/hr)
ET = Exposure Time (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure Durabon (year)

CF = Conversion Factor (IJcm3)

BW = Body Wetght (kg)
AT = Averaging Ttme (days)

Carcinoqeni¢ Noncarclnoqenic

EPC EPC
la la

250 a 250 a
25 a 25 a
70 a 70 a

25550 a 9125 a

EPC EPC

2679 b,c 2679 b,c
(Chemtcal Specific) (Chemical Specific) 

0 007 b,e O 007 b,e
250 a 250 a
25 a 25 a

1 00E-03 100E-03
70 a 70 a

25550 a 9125 a

Inhalation:

CDI = Ingestion CDI from above g

References:
a = U S EPA, Human Health Evaluatton Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Dtrectwe 9285 6-03, March 25, 1991
b = Default factors adapted from EPA Exposure Factors Handbook, August 1997
c = Surface area represents 1/2 head, 1/2 arms, and the hands of an adult worker
d = Dermal Perrneabthty Constant for water (0 001 ) used for conshtuents w~thout a PC value; all values adapted

from EPA, Dermal Exposure Assessment Principles and Apphcattons, January 1992
e = 10 mmute event x 1 hour/6O minutes x 1, day/24 hours = 0 007 day per event
g = follows EPA Region IV guidance (i e, mhalatton of groundwater volatdes whtle showenng/bathmg

is accounted for by doubhng the ingestion volume), USEPA Supplemental Guidance to RAGS Regton 
Bullehns, Human Health Risk Assessment, Intenm, November 1995

P J147543/APPLSFU7gw xls/CGWLW4ntake 1-266
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TABLE 18-17a

FU7 Plume C Max Groundwater (Potable Use) - Hypothetcal Future Industnal Worker Scenano
Memphis Depot Main Installation RI

Ingestion:
Intake for non-carcinogenic and carcinogenic compounds:

CDI = Co. * IR * EF * ED

Carcinoqenic

BW*AT
C~ = Concentration in groundwater (mg/L) EPC
IR = Ingestion Rate (L/day) 1 a
EF = Exposure Frequency (day/year) 250 a
ED = Exposure Duration (year) 25 a
BW = Body We=ght (kg) 70 a
AT = Averaging Time (days) 25550 a

Dermal:
Intake for non-carcmogen=c and carcmogemc compounds:

CDI = Co= *SA * PC * ET * EF * ED * CF
BW*AT

Cgw = Concentration in groundwater (mg/L)

SA = Surface Area (crn2)

PC = Dermal Permeability Constant (cm/hr)
ET = Exposure Time (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)

CF = Conversion Factor (L/cm3)

BW = Body Weight (kg)
AT = Averaging Time (days)

Noncarcthogenlc

EPC
la

250 a
25 a
70 a

9125 a

EPC EPC

2679 b,c 2679 b,c
(Chemical Specific) (Chemical Specific) 

0 007 b,e 0 007 b,e
250 a 250 a
25 a 25 a

1 00E-03 1 00E-03
70 a 70 a

25550 a 9125 a

Inhalation:

CDI = Ingestion CDI from above g

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guldanca "Standard Default Exposure Factors"

OSWER D=ractwa 9285 6-03, March 25, 1991
b = Default factors adapted from EPA Exposure Factors Handbook, August 1997.
c = Surface area represents 1/2 head, 1/2 arms, and the hands of an adult worker
d = Dermal Permeability Constant for water (0 001 ) used for conshtuants without a PC value, all values adapted

from EPA, Dermal Exposure Assessment Pnnc~ples and Apphcat~ons, January 1992
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0 007 day per event
g = follows EPA Region IV guidance (i e, inhalation of groundwater volatdes while showenng/bathmg

Is accounted for by doubhng the ingestion volume), USEPA Supplemental Guidance to RAGS Region 
Bulletins, Human Health Risk Assessment, Interim, November 1995

PJ147543/APP~dFU7gw xlStMAXCGW]W-Intake 1-269
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TABLE 18-18a

FU7 Plume C Groundwater (Potable Use) - Hypothetical Future ResldentiaZ Adult $cenan(

Memphis Depot Ma~n installation RI

Ingeshon:
Intake for non-cammogenic compounds

CDI= C~*IR* EF*ED

Carcinoqemc Noncarcinoqenic

Age-specific retake (for carcinogenic compounds only):

CDI=.~j = C,~, * EF * CF * IR..!
BW * AT AT

Cg., = Concentration in groundwater (rag/L) EPC EPC

IR = Ingestion Rate (L/day) N/A 2 a

IR,di = Age-adjusted Ingestion Rate (L-year/kg-day) 1 1 b N/A

EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 30 a 30 a
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 10950 a

Dermal:

Intake for non-carcinogenic compounds.

CDI= C~ *SA " PC " ET" EF* ED* CF

Age-specific retake (for carcinogenic compounds only)

CDladl = Cow *SA,rti" PC * ET * EF * CF
BW * AT AT

C~ = Concentration in groundwater (mg/L) EPC EPC

SA = Sudace Area (cm2) N/A 20000 b,c

SA.dj= Age-adjusted Surface Area (cmZ-yr/kg) .- 9480 b,c N/A

PC = Dermal Permeablhty Constant (cm/hr) (Chemical Specific) (Chemical Specific) 
ET = Exposure Time (hr/day) 0 007 b.e O 007 b,e
EF = Exposure Frequency (day/year) 350 a 350 a

ED = Exposure Duration (year) 30 a 30 a

CF = Conversion Factor (L/cm3) 1 00E-03 1 00E-03
BW = Body Weight (kg) 70 a 70 a
AT = Averaging T~me (days) 25550 a 10950 a

Inhalation:

CDI = Ingeshon CDI from above t

References:
a = U S EPA, Human Health Evaluabon Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Directive 9285 6-03, March 25, 1991.
b = Age-adjusted mgeshon rate for adults, adjusted for body we=ght and time for carcinogenic exposure.

IRadj = IRc x EDc + IRa x (EDa-EDc) 1 x 6 + 2 x (30-6)
BWc BWa 15 70

1.09 (L-year)/(kg-day)
b = USEPA Exposure Factors Handbook, August 1997
c = Total Body Surface Area represents whole body (average of male & female adults).

f = Age-adjusted surface area for adults, adjusted for body weight and bme for carcmogen=c exposure
SAadj = SAc x EDc + SAa x (EDa-EDc) = 6557x6 + 20000x(30-6t

BWc BWa 1 B 70

9480 (cm2-year)/(kg)

d = Dermal Perrneabdlty Constant for water (0 001) used for constituents without a PC value, all values adapted
from EPA, Dermal Exposure Assessment Pnnclples and Apphcabons, January 1992.

e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0 007 day per event

1 = follows EPA Region IV guidance (Le. inhalation of groundwater volatlles while showenng/bathlng
is accounted for by doubhng the ingeshon volume), USEPA Supplemental Guidance to RAGS Region 
Bulletins. Human Health R~sk Assessment, Intenm, November 1995

P J147543JAPPISFU7gw xls/CGWRA-Intake 1-272
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TABLE 18-19a

FU7 Plume C Max Groundwater (Potable Use) - Hypothetical Future Residential Adutt Scenan(
Msmphts Depot Math Installation RI

488 668

Ingestion:
Intake for non-carcmogenm compounds

CDI= C0w* IR * EF’ED

Carcino,qenic Noncarcinoqenic

Age-specific intake (for carcinogenic compounds only)

CDI=dI = C.~. * EF * CF * IR..!
BW * AT AT

C¢. = Concentrat=on tn groundwater (rng]L) EPC EPC
IR = Ingestion Rate (L/day) N/A 2 a

IR=dl = Age-adjusted Ingestion Rate (L-year/kg-day) 1.1 b N/A
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 30 a 30 a
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 10950 a

Dermal:
Intake for non-carcinogenic compounds

CDI = Cow *SA * PC * ET * EF * ED * CF

Age-specific retake (for carcinogenic compounds only)’

CDI.dj = Cow *SAnrll* PC * ET * EF * CF
BW * AT AT

C~. = Concentration in groundwater (rag/L) EPC EPC

SA = Surface Area (cm2) N/A 20000 b,c

SAedj = Age-edlusted Surface Area (cmZrydkg) 9480 b,c N/A
PC = Dermal Permeability Constant (cm/hr) (Chemical Specific) (Chemical Specific) 
ET = Exposure Time (hr/day) o 007 b,e 0 007 b,e
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 30 a 30 a

CF = Conversion Factor (LJcm3) 1.00E-03 1 66E-03
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 10950 a

Inhalation:

CDI = Ingestion CDI from above f

References:
a = U S EPA, Human Hea~th Evaluatton Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Directwe 9285 6-03, March 25, 1991
b = Age-adjusted ingestion rate for adults, adjusted for body weight and tLme for carcinogenic exposure

tRadj = IRc x EDc + IRa x (EDa- EDcl 1 x 6 + 2 x {30-6)
BWc BWa 15 70

1.09 (L-year, V(kg-day)
b = USEPA Exposure Factors Handbook, August 1997
c = Total Body Sudace Area represents whole body (average of male & female adults)

f = Age-adlusted surface area for adults, adjusted for body we=ght and t=me for carcinogenic exposure.
SAedj = SAc x EDc + SAa x (EDa-EDc) = 6557x6 + 20000x(30-6)

BWc BWa 15 70
9480 (cm2-yeary(kg)

d = Dermal Permeablhty Constant for water (0 001) used for constituents wdhout a PC value, all values adapted
from EPA, Dermal Exposure Assessment Pnnc~ples and Apphcatlons, January 1992

e = 10 minute event x 1 hour/60 minutes x t day/24 hours = 0 007 day per event
f = follows EPA Region IV guidance (i e, inhalation of groundwater volatdes while showenngfbathmg

is accounted for by doubSng the mgesbon volume), USEPA Supplemental Guidance to RAGS’ Region 
Bulletins, Human Health Risk Assessment, Infenm, November 1995

PJ147543/APRSFU7gw xlstMAXCGWRA-Intake 1-275
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TABLE 18-20a

FU7 Plume C Groundwater (Potable Use) - Hypothetical Future Residential Child Scenario
Memphis Depot Main Installation RI

Ingestion:
Intake for non.carcinogenic and carcmogsmc compounds

CDI= Co= °IR " EF* ED

Carcinoqenic Noncarcinogenic

BW * AT

Cg,. = Concentration in groundwater (mg/L) EPC EPC
IR = Ingestion Rate (L/day) 1 a 1 a
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 6 a 6 a
BW= Body Weight (kg) 15 a 15 a
AT = Averaging Time (days) 25550 a 2190 a

Dermal:
Intake for non-carcmogemc and carcinogenic compounds:
CDI = Cm= *SA * PC * ET * EF * ED * CF

BW * AT

C~ = Concentration in groundwater (rag/L) EPC EPC

SA = Surface Area (cm2) 6557 b, c 6557 b, c
PC = Dermal Permeability Constant (cm/hr) (Chemical Specific) (Chemical Specific) 
ET = Exposure Time (hr/day) 0 007 b,e 0 007 b,e
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 6 a 6 a
OF = Conversion Factor (IJcm3) 1 00E-03 1 00E-03
BW= Body Weight (kg) 15a 15a
AT = Averaging Time (days) 25550 a 2190 a

Inhalation:

CDI = Ingestion CDI from above r

References:
a = U S EPA, Human Health Evaluabon Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Directive 9285 6-03, March 25, 1991
b = US EPA Exposure Factors Handbook, August 1997

Manual, Supplemental Guidance, Dermal Risk Assessment, Interim Guidance, May 1998.
c = Total Body Surface Area represents whole body (average of male & female ch=ldren (1-6 years old))
d = Dermal Permeability Constant for water (0.001) used for consbtuents without a PC value, all values adapted

from EPA, Dermal Exposure Assessment Pnnclplss and Apphcat=ons, January 1992
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0.007 day per event
f = follows EPA Region IV guidance (i s, =nhalatEon of groundwater volat=ies whde showenng/bathmg

~s accounted for by doubling the ingestion volume), USEPA Supplemental Guidance to RAGS Region 
Bulletins, Human Health Risk Assessment, Interim, November 1995

P 1147543fAPPI8FUTgw xls/CGWRC-Intake 1-278
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TABLE 18-21a

FU7 Plume C Max Groundwater (Potable Usa) - Hypothetical Future Residential Child Scenano
Mernph/s Depot Main Installabon RI

Ingestion:
Intake for non..carc~nogenic and carcinogenic compounds:

CDI= C_..,, * IR * EF*ED

Carcinoqenic

BW * AT

C~ : Concentratron in groundwater (rag/L) EPC
IR = ingestion Rate (IJday) 1 a
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Durabon (year) 6 a
BW = Body We=ght (kg) 15 a
AT = Averaging T~me (days) 25550 a

Dermal:
Intake for non-carcmogemc and carcinogenic compounds’

CDI = Cow *SA * PC * ET * EF * ED * CF
BW * AT

Cg,,, = Concentration in groundwater (mg/L)

SA = Surface Area (cm2)

PC = Dermal Permeabchty Constant (cm/hr)
ET = Exposure Time (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)

CF = Convers=on Factor (L/cm3)

BW = Body We=ght (kg)
AT = Averaging T=me (days)

Noncarcinoqenic

EPC
la

350 a
6a

15a
2190 a

EPC EPC

6557 b, c 6557 b, c
(Chemical Specific) (Chemical Specific) 

0 007 b,e 0 007 b,e
350 a 350 a

6a 6a

100E-03 1 0OE-03
15a 15a

25550 a 2190 a

Inhalation:

CDI = Ingestion CDI from above f

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Dtreetlve 9285 6-03, March 25, 1991
b = US EPA Exposure Factors Handbook, August 1997

Manual, Supplemental Guidance, Dermal Risk Assessment, Intenm Gutdance, May 1998.
c = Total Body Surface Area represents whole body (average of male & female children (1-6 years old)).
d = Dermal Permeability Constant for water (0 001) used for constituents without a PC value, all values adapted

from EFA, Dermal Exposure Assessment Prlnc=ples and ApphcatJons, January 1992
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0 007 day per event
f = follows EPA Regton IV gutdance (i e, inhalation of groundwater volatdes whde showenng/bathlng

ts accounted for by doubling the mgesbon volume), USEPA Supplemental Guidance to RAGS Region 
Bulletins, Human Health REsk Assessment, Intenm, November 1995

e/147543/APP[SFU7gw xls/MAXCGWRC-Intake 1-281
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APPENDIX J

Supplementary Toxicity Material

This appendix contains information from the Superfund Technical Support Center,
Environmental Criteria and Assessment Office.

ATLtt 47543/APPE N DICE S/APP COVERSHEETS_NEW1 DOC J-1
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Superfund Technical Support Center

1~ STSC~’~-
National CenterforEnvironm,

U.S. Environmental F
26 West Martin Luther Ki

¯ ,e~" Cincinnati, Ohio 45268

.

Harlal Choudhury/Director, Pat Daunt/Administrator Hotline 513-569-7300, FAX 513-569-7159

March 19, 1999

Ted Simon
US EPA Region 4
190 Alabama St
Atlanta, GA 30303

ASSISTANCE REQUESTED: Chronic Oral Toxicity Information for Cobalt and
Trichloroethylene (Defense Depot Memphis /Memphis,

MI)

ENCLOSED INFORMATION: Attachment 1: Risk Assessment Issue Paper for:
Provisional RfD for Cobalt (7440-48-4)

STSC has no current Chronic Oral RfD for Trichloroethylene, Harlal Choudhury has
to authorize the release of this retired issue paper. Unfortunately, he will be out of the office
until next week. In the meantime, it may be helpful to call the chemical contact, Jim Cogliano

at 202-564-3269. If you have any questions please feel free to call.

BE ADVISED: It is to be noted that the attached Risk Assessment Issue
Papers have not been through the U.S. EPA’s formal
review process. Therefore, they do not represent a U.S.
EPA verified assessment. If you have any questions
regarding this mformation, please contact the STSC at

(513) 569-7300.

Attachments

Support provided by International Consultants, Incorporated
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Attachment 1
(96-027/12-01-97)

Risk Assessment Issue Paper for:
Provisional RID for Cobalt (7440-48-4)

Cobalt has been found to stimulate the production of red blood cells in humans and,
therefore, has been used as a treatment for anemia. In 12 anemic, anephric patients undergoing
dialysis, treatment with 0.18 mg cobalt/kg/day as cobalt chloride for 12 weeks resulted in a
significant rise in hemoglobin (Duckham and Lee, 1976). Taylor et al. (1977) reported similar

effects in 8 anephric patients treated with 0.16-0.32 mg cobalt/kg/day as cobalt chloride for 12-32
weeks. In both studies, hemoglobin levels returned to pre-treatment levels following the
cessation of treatment. Similar effects were reported in nonanemic humans and animals (Davis
and Fields, 1958; Krasovskii and Fridlyand, 1971). Reversible polycythemia was reported in 
normal male subjects followmg treatment with 1 mg cobalt/kg/day as cobalt chloride for 25 days
(Davis and Fields, 1958). In normal rats, treatment with 0.5 mg cobalt/kg/day, but not 0.05
mg/kg/day, as cobalt chloride resulted in polycythemia and an increase in hemoglobin
(Krasovskil and Fridlyand, 1971). An increase in hematocrit and hemoglobin levels was not
observed, however, in pregnant women treated with 0.5-0.6 mg cobalt/kg/day for 90 days in an
attempt to alleviate the anemia often found during pregnancy (Holly, 1955).

Much of the oral data in humans deals with the cardiomyopathy seen in people who drank
large quantities of beer containing cobalt chloride (used to stabihze the foam) (Alexander, 1969,
1972; Morin et al., 1971). The people ingested 0.04-0.14 mg cobalffkg/day (approximately 8-30
pints of beer daily) over a period of years (Alexander, 1969, 1972; Morin et al., 1971). 
cardiomyopathy in the beer-dnnkers, termed "beer-cobalt cardiomyopathy," was fatal to 43% of
the subjects within several years,.with approximately 18% of these deaths occurring within the
first several days. The beer-cobalt cardiomyopathy appeared to be szrmlar to alcoholic
cardiomyopathy and beriberi, but the onset of the beer-cobalt cardiomyopathy was much more
abrupt. The practice of adding cobalt to beer to stabilize the foam has been discontinued. It
should be noted, however, that the cardiomyopathy may have also been due to the fact that the
beer-drinkers had protein-poor diets and may have had prior cardiac and hepatic damage from
alcohol abuse. Treatment of both pregnant and nonpregnant anemic patients with comparable or
much higher doses of cobalt (0.09-1 mg cobalt/kg/day) did not result in effects on the heart
(Duckham and Lee, 1976; Davis and Fields, 1958; Holly, 1955; Taylor et al., 1977).

Cobalt has been found to be a sensitizer in humans. Individuals are sensitized following
dermal or inhalation exposure, but flares of dermatitis may be triggered following cobalt
ingestion. One study was located that orally challenged cobalt-exposed workers in order to
assess sensitization (Velen et al., 1987). In this study, several patients with eczema of the hands
were challenged orally with 1 mg cobalt (0.014 mg cobalt&g/day as cobalt sulfate) in tablet form
once per week for 3 weeks and 28/47 patients had a flare of dermatitis following the oral

DRAFT - Do not cite or q~ote. For internal use only.

J-24



488

challenge (Veien et al., 1987). Forty-seven patients had positive patch tests to cobalt (13 
cobalt alone and 34 to nickel and cobalt) and 7 of the 13 patients that patch tested positive to
cobalt reacted to the oral challenge. Using both the oral challenge and dermal patch tests, it was
determined that the cobalt allergy was systemically induced. The exposure levels associated with
sensitization to cobalt following inhalauon or dermal exposure were not established.

Interrelationships have been found to exist between cobalt and nickel sensitization
(Bencko et al., 1983; Rystedt and Fisher, 1983; Veien et al., 1987). In guinea pigs, nickel and
cobalt sensitization appear to be interrelated and mutually enhancing (Lammintausta et al., 1985).
Therefore, it is possible that in people sensitized by nickel, exposure to cobalt may result in an
allergic reaction. The elicitation of an allergic response in cobalt-sensitized workers was

considered for the derivation of an oral RfD. An oral RfD was not derived because a NOAEL for
the elicitation of the allergic response in humans was not defined and, because interrelationships
exist between cobalt and nickel sensitization, people sensitized by nickel may have an allergic
reaction following cobalt exposure. Consequently, it is impossible to certify that an RfD based

on this effect would provide sufficient protection for sensitive individuals.

Three studies were located examining the developmental effects of orally administered
cobalt (given as cobalt chloride) in rodents (Domingo et al., 1985; Patemain et al., 1988;
Seidenberg et al., 1986). Domingo et al. (1985) treated pregnant female rats to 5.4 to 21.8 
cobalt/kg/day from gestation day 14 through lactation day 21. Fetal effects included stunted

growth of the pups at 5.4 mg cobalt/kg/day and decreased survival at 21.8 mg cobalt/kg/day.
These effects occurred at levels that were maternally toxic (authors did not specify the effects),
therefore, the effects may be a result of maternal toxicity and not cobalt treatment. No

teratogenlc effects were reported.

No significant effects on fetal growth or survival were found in rats exposed to 6.2 to

24.8 mg cobalt/kg/day during gestation days 6-15 (Patemain et al., 1988), although 
nonslgmficant increase m the incidence of stunted fetuses was found in the animals treated with
12.4 or 24.8 mg cobalt/kg/day. Maternal effects, however, including reduced body weight and
food consumption and altered hematological parameters, were reported. No fetal effects were
reported in mice exposed to 81.7 mg cobalt/kg/day during gestation days 8-12 (Seidenberg et al.,

1986), but a significant decrease in maternal weight was found.

Several studies reported testicular degeneration and atrophy in rats exposed to 5.7 to 30.2
mg cobalt/kg/day as cobalt chloride for 2-3 months in the diet or in the drinking water (Corrier et
al., 1985; Dormngo et al., 1984; Mollenhauer et al., 1985; Nation et al., 1983; Pedigo et al.,

1988).

Given the database, the most sensitive indicators of cobalt toxicity following oral
exposure are the increase in hemoglobin in both humans and animals, and the elicltation of

dermatitis m sensitized indlwduals.

704

DRAFT - Do not cite or qttote. For internal use only.

J-25



488 705

An alternative approach was likewise evaluated based on the hematological effects of
cobalt treatment (increase in hemoglobin) in anemic dialysis patients (Duckham and Lee, 1976).
The results of this study are supported by a similar study in anephric patients (Taylor et al.,
1977). Hematological effects of cobalt were also found in studies in normal humans (Davis and
Fields, 1958) and rats (Krasovskii and Fridlyand, 1971) indicating that the effect is not limited 
anephric individuals. The data of Davis and Fields (1958) reported hemoglobin increase of 6-11
% over "normal" in "normal" volunteers given 0.96 mg cobalt/kg/day as cobaltous chloride.
However, the data of Duckham and Lee (1976) describes a case of refractory anemia in patients
with chronic renal failure that upon treatment with 0.18 mg cobalt/kg/day for 12 weeks
responded favorably. The patients hemoglobin levels were increased to levels at or near low
"normal" clinical levels from levels clinically described as anemic. The anemia recurred
following cessation of treatment. Thus, this effect of cobalt administration in the Duckham and
Lee (1976) study (and likewise that of Taylor et al., 1977) cannot be termed adverse, but 
actually clinically beneficial to patients with renal disease. Consequently, these data cannot be
used to derive an oral RID.

Summary of Additonal Oral Studies on Cobalt to be Included in Master List Uptate

Male Sprague-Dawley rats (12 per group) were exposed to one of three &ets: control diet,
a diet containing 12% protein ("protein-restricted" control) or the protein-restricted diet
containing cobalt sulfate at a concentration to achieve 8.4 mg Co/kg-day (40 mg COSO4 
7H20/kg-day) (Pehrsson et al., 1991). After eight weeks rats, were euthanized and hearts were
isolated and perfused in a Langendorff perfusion circuit for assessment of left ventricular
function. Body weights of rats exposed to 8.4 mg Co/kg-day were significantly lower (37%,
p<0.05) than rats maintained on the protein-restricted control diet. No significant differences in
left ventricular function were observed between the three diet groups. Myocardial Co
concentrations were 1.5-4 mg Co/kg wet weight after eight weeks of exposure to 8.4 mg Co/kg-
day compared to 0.05-0.18 after eight weeks on either of the two control diets. In a subsequent
follow-up study (see below), cardiac function was assessed in rats after a 16 or 24 week
exposure Co; the longer exposure duration resulted in higher myocardial Co concentrations and
impairment of left ventricular function (Haga et al., 1996).

In the follow-up study, male Sprague-Dawley rats (12-16 per group) were exposed to 
conventional control diet or a diet containing cobalt sulfate to achieve a dally intake of 8.4 mg

Co/kg-day (40 mg COSO4 ¯ 7HzO/kg-day) (Haga et al., 1996). The Co intake in the control group
was not reported. After 16 or 24 weeks on the diets, rats were euthanized and hearts were
isolated and perfused in a Langendorff perfusion circuit for assessment of left ventricular
function. Body weights of rats exposed to 8 4 mg Co/kg-day were significantly lower than
control rats after 16 weeks (26%, p<0.0001) and 24 weeks of exposure (31%, p<0.001). 
ratio of left ventricular weight to body weight was significantly higher in rats exposed to 8.4 mg
Co/kg-day for 24 weeks (30%, p<0.001). After 16 weeks of exposure, coronary flow index was
significantly higher compared with controls (p<0.01) suggesting lower flow resistance in the
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coronary vascular bed. After 24 weeks of exposure, impairment of left ventricu’larfunction was

more pronounced and characterized by decreased myocardial distensibility (reduced !eft
ventricular pressure decay during dxastole and pressure rise during systole, compared with
control) in addition to reduced coronary flow resistance. Thus, the LOAEL was 40 mg/kg-day
for left ventricular hypertrophy and impaired systolic and diastolic left ventricular function.
Myocardial Co concentrations were 10-11 mg Co/kg wet weight after 16 and 24 weeks of
exposure, compared with 0.12-0.13 mg Co/kg in the controls. The higher Co concentrations are
2-3 times greater than the Co concentrations achieved in the previous study of Pehrsson et al.
(1991), and may explain why impaired ventricular function was evident after the longer exposure
duration used in the Haga et al. (1996) study. [Hearts from human victims of "beer drinkers’
myocardiopathy" were found to have a mean cobalt concentration of 0.48 mg Co/kg comapred to

0.04 mg Co/kg in controls (Sullivan et al., 1968).]

Male guinea pigs (20 per group) were exposed to one of six isocaloric diets for 5 weeks:
standard Purina Guinea Chow (SGPC), SPGC plus 20 mg/kg-day Co as cobalt sulfate, SPGC
(liquefied) plus 2 g/day ethanol with or without 20 mg/kg-day Co, SPGC (liquefied) plus sucrose

with or wahout 20 mg/kg-day Co (Mohiuddin et al., 1970). Mortality at 5 weeks m the cobalt
groups was 4-5 of 20; compared with 0-1/20 in the groups that did not receive the Co
supplemented diets. Guinea pigs in the Co-supplemented groups had tachypnea, weakness and
hindlimb paralysis (incidence not reported). Absolute and relative heart weights in all Co-
supplemented groups were significantly greater than in the groups not supplemented with Co
(28%, p<0.01). Gross examination of the heart after five weeks of exposure revealed pericardial
effusion in 45-50% of all of the Co-supplemented guinea pigs and in none of the guinea pigs that
did not receive Co. Microscopic examination revealed in all of the Co-supplemented groups, but

not the other groups: pericardial thickening; myocardial degeneration without inflammation (e.g.,
absence of cellular infiltration) characterized by loss of myofribnllar material, vacuolization and
increased intracellular lipid and glycogen content; endocardial edema and thickenmg; and
thrombi in all heart chambers. Electron microscopic examination revealed in the Co-
supplemented groups: loss of intracellular rnyofibrillar elements, changes in mitochondria shape,
size and cristae morphology, dilated sarcoplasmic reticulum, intracellular lipid droplets. A
greater incidence of abnormal electrocardiograms (ECG) including bradycardia, loss of QRS
voltage and repolarizatlon abnormalities were recorded in the Co-supplemented groups
beginning in the 3rd and 4th weeks of exposure (65% abnormal ECG in SPGC group plus Co
compared with 5% in the SPGC group). Specific ECG abnormalities consisted of a greater
incidence in the Co-supplemented group (e.g., incidence m SPGC plus Co/incidence in SPGC) 
bradycardia (80%/5%), decreased QRS voltage (75%/10%), A-V conduction delay (25%/5%)
and S-T changes (65%/5%). The 20 mg Co/kg-day exposure used in this study defines a FEL for
mortahty and functional and histopathologic heart lesions in guinea pigs exposed to Co in food
for five weeks.

In a subchromc reproductive study, adult male B6C3F1 mice were exposed to drinking
water containing 400 mg Co/L as cobaltous chloride or given dnnking water without Co
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supplementation (control); mice were fed Purina Rodent Chow (Pedigo and Vernon, 1993). 
estimated dosage assuming an adult body weight of 0.04 kg and default drinking water intakes
for male B6C3F1 mice (U.S. EPA, 1987) was 93 mg Co/kg-day. A dominant lethal assay was
conducted after 10 weeks of exposure: Co-exposed and control males (10 per group) were mated
with control females over a period of two weeks; pregnant females were euthanized on day 19 of
pregnancy and fetuses were evaluated for gross abnormalities, response to tactile stimuli, and
size (data not reported); resorptions and preimplantation losses were quantified. Males from both
groups were euthanized after the dominant lethal assay was completed and epididymal sperm
concentration and sperm motion characteristics. In a concurrent fertility study, males from the
Co-exposed and control groups were mated overnight with control females (superovulated by
injection of pregnant mare serum gonadotropin) after 7 and 10 weeks of exposure to Co and 2, 
and 8 weeks after cessation of exposure to Co. Pregnant females were euthanlzed on day 2 of
pregnancy and the number of ova/embryos and percentage of embryos that were 2-cell or greater
(fertilized) were determined. The dominant lethal assay showed a significantly (p< 0.001) lower
percentage of pregnant females (58% vs 91%) and average number of implantations per female
(6.5 vs 8.3) in the cobalt-exposed groups compared controls and a significantly higher average
number of preimplantation losses in the cobalt-exposed group (2.4 vs 0.43); post-implantation
losses were not different in the two groups. Sperm concentration was significantly lower after 10
weeks of exposure to Co compared with control and remained significantly lower eight weeks
after exposure to Co ceased. Sperm motion (motility, path velocity, progressive velocity,
linearity, progressive motility and track speed) was significantly depressed after 10 weeks of
exposure to Co compared with controls but recovered eight weeks after exposure to Co ceased.
After 12 weeks of exposure, male fertility rate in the Co-exposed groups was significantly
reduced compared with males in the control group (1.8% ova fertilized vs 82.4% femhzed) and
recovered to control levels eight weeks after exposure to Co ceased. This study defines a
LOAEL of 93 mg Co/kg-day for impairment of reproduction in mice.

The only known nutritional, but vital function of cobalt is as a cofactor of vitamin B12. Ill
humans, vitamin BI2 is derived from bacterial synthesis and therefore, cobalt is essential for
animal species, such as ruminants, that depend totally on their bacterial flora for vitamin B12.
There is no evidence that the intake of cobalt is ever limiting in the human diet, and therefore no
RDA is deemed necessary for cobalt (NRC, 1989). It should be noted that the average daffy
intake of cobalt in humans ranges from approximately 0.002-0.008 mg cobalt/kg/day in adults
(0.16-0.58 mg cobalt/day + 70 kg; Tipton et al., 1966; Schroeder et al., 1967) and 0.01-0.06 

cobalt/kg/day in children (0.3-1.77 mg cobalt/day + 28 kg; NRC, 1989; Murthy et al., 1971).
Murthy et al. (1971) indicated that the children in this study ranged in age from 9-12 years.
Using the average weight of 28 kg for children aged 7-10 years (NRC, 1989), the average daily
intake for the children in this study ranged from 0.01-0.06 mg/kg/day. If the default adult weight
of 70 kg is used with the Murthy data, then the range of retake would be from 0.004-0.025
mg/kg/day.

The effects of chronic occupational exposure to cobalt on the respiratory system are well
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documented. Cobalt has been found to be the etiologic agent in hard metal disease. The
observed effects include respiratory irritation, wheezing, asthma, pneumonia and fibrosis and
have been found to occur at exposure levels ranging from 0.003 to 0.893 mg cobal’t/m3 over a
period of 2-17 years (Davison et al., 1983; Demedts et al., 1984; Kusaka et al., 1986a;b; Raffn et

al., 1988; Shirakawa et al., 1988; Sprince et al., 1988). ~’

Studies have implicated cobalt as a sensitizer m humans. Although the minimum
exposure level associated with cobalt sensitization has not been determined, work-related asthma
was found in hard metal workers who were occupationally exposed (for greater than 3 years) 
levels of cobalt ranging from 0.007 to 0.893 mg cobalt/m3 (Shirakawa et al., 1988). Given the
database, the most sensitive indicators of cobalt toxicity by inhalation exposure are the effects on
the respiratory system in both humans and animals and allergic responses in cobalt-sensitized
individuals.

The data described above does not identify a single study, animal or human, that could be
used to properly derive an oral RfD. In unusual circumstances, i.e., excessive beer drinking or

through occupational sensitization, cobalt has been shown to manifest toxicological
symptomatology. However, these reports provide inadequate data on which to derive an RfD.

Furthermore, use of inhalation data to derive an oral RfD is precluded due to portal of entry
effects. It zs apparent that the upper range of average retake for children (0.06 mg/kg/day) 

below the levels of cobalt needed to induce polycythemia in both renally comprised patients
(0.18 mg/kg/day) and normal patients (0.96 mg/kg/day).

Therefore, in lieu of an oral RID for cobalt and given the ubiquitous nature of cobalt and
the relatively well characterized intake of cobalt in food, it is recommended that the intake levels
described above be used as guidance for oral exposure to cobalt.
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The carcinogenic assessment for chloroethane has recently been reevaluated. A final
decision was not made regarding a weight-of-evidence classification for chloroethane (Group 
or Group B2), however the issues involved in making such a decision are outlined below.

ECAO-Cincinnati has been working on a quantitative carcinogenicity assessment for
chloroethane and other chlorinated ethanes that may incorporate pharmacokinetic modeling.
However, this effort is not yet completed and is not available at this time.

The following sources were checked for pertinent review documents and information:
IRIS (U.S. EPA, 1996a), HEAST (U.S. EPA, 1995), RfD/RfC and CRAVE Work Group Status
Reports (U.S. EPA 1996b,c), OHEA/CARA list (U.S. EPA, 1994b), Drinking Water Regulations
and Health Advisories list (U.S. EPA, 1994a), and NTP Status Reports (NTP, 1993a,b). These
documents include: the ATSDR Toxicological Profile for Chloroethane (ATSDR, 1989), an 
document (U.S. EPA, 1983), a Drinking Water Health Advisory (U.S. EPA, 1986a), and a 
I document (U.S. EPA, 1988). The following computer searches, performed in May 1991 and
updated in March 1993, were screened to identify additional pertinent studies not discussed in
review documents: TOXLINE (inhalation toxicity and cancer stratagey from 1965-1993, oral
toxicity and cancer strategies from 1981-1993), CANCERLINE (1981-1993), MEDLINE 1989-
1991, RTECS and HSDB.

WEIGHT-OF-EVIDENCE CLASSIFICATION

Classification -- Group B2, probable human carcinogen classification may be appropriate.
Basis -- There appear to be no human data available, and the available animal data are restricted
to a 2-year inhalation NTP bioassay in rats and mice. NTP concluded that clear evidence of
carcinogenicity was presented for female mice displaying uncommon carcinomas of the uterus
and liver tumors. Data for male mice were considered by the investigators to be inadequate to
assess carcinogenic activity due to decreased survival not related to carcinogenic effects,
although increased incidence of alveolar/bronchiolar tumors were observed in exposed male
mice. NTP reported that equivocal evidence was found for male and female rats displaying skin
neoplasms and uncommon malignant astrocytomas of the brain, respectively.
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HUMAN CARCINOGEN/CITY DATA -- Data regarding the carcinogenicity of chloroethane in
humans were not located in the available literature.

ANIMAL CARCINOGEN/CITY DATA -- Data regarding the carcinogenicity of chloroethane
in animals are restricted to a report on two-year inhalation studies in B6C3FI mice and F344/N
rats (NTP, 1989). For each species, groups of 50 animals of each sex were exposed 
chloroethane concentrations of 0 (inhalation chamber controls) or 15,000 ppm 6 hours per day, 

days per week for 102 weeks (rats) or 100 weeks (mice). In a preliminary study of the same 
species, groups of 10 animals of each sex were exposed to chloroethane concentrations of 0,
2,500, 5,000, 10,000 or 19,000 ppm 6 hours/day, 5 days/week for 13 weeks. No
histopathological effects or increased mortality associated with exposure were noted in either
species in the 13-week studies, but the final mean body weights of all exposed groups were lower
than those of the controls. The largest reduction in body weight was observed in male mice
exposed to the highest concentration; mean body weights were 8% lower than that of control
males. Even though the preliminary study did not clearly define a MTD for chloroethane, the
authors apparently chose the 15,000 ppm level for the 2-year study because of concerns about the
potential flammability and explosion hazard of higher concentrations.

No significant differences in survival were noted between exposed and control groups of
rats of either sex, but survival of exposed and control male rats was unusually low at the end of
the study. The authors reported that unusually high incidences of mononuclear cell leukemia in
both control and exposed groups of male rats may have contributed to the high mortality. The
authors also reported’that survival for all groups was sufficient through weeks 90 and 95 to
evaluate carcinogenicity. At the end of the study (102 weeks), survival for male rats was 16/50
(controls) and 8/50 (exposed) and for female rats was 31/50 (controls) and 22/50 (exposed);
however, at 90 weeks, survival was 37/50 (control) and 31/50 (exposed) for respective 
groups and 43/50 (control) and 33/50 (exposed) for females. Mean body weights of exposed
male rats were 4%-8% lower than those of controls after week 33 and in exposed female rats
body weights ranged from 5-13% lower than controls after week 11.

Three exposed female rats displayed uncommon astrocytomas (malignant glial cell
tumors of the brain). The authors reported that although the overall incidence of malignant glial
cell tumors (3/50) was not statistically significantly different from the concurrent controls (0/50),
it was statistically significantly increased (P<0.05) relative to incidences for previous chamber
control groups at the study laboratory (1/297) or for untreated control female F344/N rats from
previous NTP studies (23/1,969 = I%). Primary tumors of glial cell origin were also observed 
male rats. One control male had a malignant oligodendroglioma. A benign oligodendroglioma
and a malignant astrocytoma were observed in two exposed males.

Five exposed male rats had epithelial tumors of several types with similar characteristics
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(trichoepithelioma, sebaceous gland adenoma, and basal cell carcinoma). The combined overall
incidence (5/50) was not significantly different from the concurrent control incidences(0/50), 
statistical significance (P<0.05) could be demonstrated when comparisons were made 
historical incidences in chamber controls at the study laboratory (2/300) or in untreated controls

in NTP studies (30/t,936 = 1.5%).

The authors concluded that the study provided equivocal evidence of carcinogenic
activity in both male and female F344/N rats, because although comparisons with concurrent
controls indicated no carcinogenic effect, comparisons with historical controls indicated a
carcinogenic effect.

Survival of exposed mice was significantly lower than that of control mice; statistical
significance for reduced survival was demonstrated for exposed male mice after day 330 and for
exposed female mice after day 574. All surviving mice were sacrificed at 100 weeks. Mean
body weights of exposed male mice were up to 13% higher than control male mice. Mean body
weights for exposed and female mice were generally similar throughout the study.

Decreased survivability in exposed male mice was not related to tumor occurrences. The
authors noted that greater than normal incidences of nonneoplastic urogenital lesions were
observed in both control and exposed male mice and that this occurrence may have contributed to

the reduced survival. The overall incidences of alveolar/bronchiolar adenomas (8/48) and 
alveolar/bronchiolar adenomas and carcinomas (combined) (10/48) were statistically
sigmficantly greater (P<0.05) than respective incidences for control male mice (3/50 and 5/50).
The authors, however, considered the study of male B6C3F1 mice inadequate to evaluate
carcinogenic activity because of the reduced survival.

Most of the early mortalities in exposed female mice were associated with carcinomas of
the uterus. The overall incidence of uterine carcinomas (all of endometrial gland origin) 
exposed female mice (43/50) was greater than that of the concurrent controls (0/49). Uterine
carcinomas were first noted on day 469 of the study. The tumors were highly malignant, and, in
34 animals, metastasized to other organs. Exposed female mice also displayed statistically
significantly higher (P<0.05) overall incidences of hepatocellular carcinomas (7/48) 
hepatocellular carcinomas and adenomas (combined) (8/48) compared to respective incidences 
control female mice (3/49 and 3/49). The authors concluded that there was clear evidence 
carcinogenic activity in female B6C3F1 mice.

716

SUPPORTING DATA FOR CARCINOGENICITY -- Two reports provided evidence for the
mutagenicity of chloroethane in the closed-desiccator Salmonella typhimurium test for reverse
mutations. Riccio et al. (1983) observed mutations in strains TA98, TA100, TA1535 and
TA1537 in both the presence and absence of metabolic activation. NTP (1989) observed
mutagenic acuvity in strain TA1535 with or without activation and in strain TA100 only with
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activation, but no mutagenic activity was observed in strain TA98 with or without activation.

ATSDR (1989) reported that genotoxic activity was not observed in micronucleus tests
on bone marrow samples from mice exposed to chloroethane and in cell transformation assays on
mouse BALB/c-3T3 cells.

Chloroethane is structurally related to 1,1-dichloroethane, a possible human carcinogen,
and to !,2-dichloroethane and dichloromethane, both of which are probable human carcinogens
(The EPA carcinogen assessments for these related compounds are on IRIS [U.S. EPA, 1994]).

QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM ORAL EXPOSURE

A ql* for chloroethane is derived below from the NTP (1989) inhalation bioassay data. 
should be emphasized that there are uncertainties associated with this value due to the inclusion
of only a single high exposure level in the study and the necessity of making the assumption that
the carcinogenic effects of chloroethane are not specific for the inhalation route.

The occurrence of uterine carcinomas in female mice was the most dramatic carcinogenic
response in the NTP bioassay and therefore appears to provide the most appropriate basis for the
derivation of an oral ql*. Statistical adjustments for decreased survival in exposed female mice
could be made in a comprehensive quantitative analysis, but, due to time constraints, these
adjustments will not be made in the derivation herein. The incidences for the control (0/49) and
exposed (43/50) groups were fit to a linearized, multistage model (Global 86). Calculations 
based on extra risk. The daily dose for the exposed group of female mice (adjusted for the
intermittent experimental exposure protocol) was estimated as follows:

Dose = (39,582.8 mg/m3) (6h/24h x 5d/7d) (0.052 mS/d) (0.031 -l

Dose = 11,856.6 mg/kg/day

where:

39,582.8 mg/m3 = Exposure conc. = 15,000 ppm x 64.52/24.45, assuming 25 C and 760
mm Hg;

0.031 kg = time-weighted average body weight for female mice estimated from data in
the NTP (1989) report;

0.052 m3/day = inhalation rate (IR) for mice which was estimated using the following
equation as described in U.S. EPA (1987):
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IR = 1.99 [body weight]10496.

e,

The Global 86 model estimated the ql* for mice to be 2.21E-4 per (mg/kg)/day. 
human q 1" was derived by multiplying the mouse q 1 * by the cube root of the ratio of the
reference human body weight (70 kg) to the animal body weight (0.031 kg), and then by the 

of the lifespan of the animal (100 weeks) to the duration of the experiment as described in the
following equation:

Human ql* = 2.21E-4 per (mg/kg)/day x [70 kg/0.031 kg]It3 x [100/100]3

Human ql* = 2.21E-4 per (mg/kg)/day) x [13.12] x 

Human ql* = 2.9E-3 per (mg/kg)/day).

718

In summary, an oral cancer toxicity value of 2.9E-3 per (mg/kg)/day has been derived for
chloroethane based upon incidence data for uterine carcinomas in female B6C3F1 mice exposed
to inhaled chloroethane.
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INTRODUCTION

Chloroethane is a colorless gas at room temperature and atmospheric pressure that is
produced for use as an alkylating agent (ACGIH, 1991; Budavari, 1989). It was used
predominantly for the manufacture of tetraethyl lead. Currently, the major use is as a blowing
agent in foamed plastics (Bucher et al., 1995). Chloroethane is also used as a topical anesthetic,
as a refrigerant, and in the manufacture of pharmaceuticals, dyes and other chemicals (ATSDR,
1989).

The following sources were checked for pertinent review documents and information:
IRIS (U.S. EPA, 1996), HEAST (U.S. EPA, 1995a,b), RID/RfC and CRAVE Work Group Status
Reports (U.S. EPA, 1995c), CARA lists (U.S. EPA, 1991, 1994), the Drinking Water
Regulations and Health Advisories hst (U.S. EPA, 1995d), the ATSDR Toxicological Profile
database (ATSDR, 1996) and NTP Management Status and Results Reports (NTP, 1996a,b). 
inhalation RfC for chloroethane, based on developmental toxicity in mice, is available on IRIS
(U.S. EPA, 1996). The health effects associated with exposure to chloroethane have been
reviewed by the U.S. EPA (1988a) and the ATSDR (1989). These reviews cited no toxicological
or pharmacokinetic data for oral exposures to chloroethane.

Literature searches of TOXLINE (oral toxicity and cancer strategies from 1981-1993,
inhalation toxicity and cancer strategy from 1965-1993), CANCERLINE (1981-1993), RTECS
and HSDB for chloroethane were conducted in March 1993. Update literature searches of
TOXLINE (December 1992 - July 1996), MEDLINE (health effects, toxicity 
pharmacokinetic strategies from 1993-1996), DART and TSCATS (health effects) were
conducted in July 1996 and screened in August 1996 to identify additional relevant data on
chloroethane.

INHALATION RfC

An inhalation RfC for chloroethane (ethyl chloride) was verified in 1990 and is available
on IRIS (U.S. EPA, 1996). The principal study for the RfC was a developmental inhalation study
conducted with pregnant CF-I mice (Scortichini et al., 1986). The study identified a NOAEL
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(1504 ppm [4.0 g/cu. m] for 6 hours per day on days 6 through 15 of gestation) and a LOAEL
(4946 ppm [13 g/cu.m] with the same protocol) for delayed fetal ossification. In deriving the
RfC from the NOAEL, duration adjustments were not made because the noted effects were
developmental. To derive a NOAEL(HEC) from the mouse NOAEL, the attainment 
periodicity was assumed. A default value of 1 was used for the ratio of the mouse to human
blood:gas partition coefficients, because, although the coefficient for humans is known, that for
mice is unknown. The NOAEL(HEC) (4.0 g/cu.m) was divided by an uncertainty factor of 
(3 for interspecies extrapolation due to dosimetric adjustment of inhaled concentration, 10 for
intraspecies variability, 10 for data base deficiencies because of the lack of a multigeneration
reproductive study and definitive developmental toxicity studies) to obtain an inhalation RfC of
1E+I mg/cu.m. Confidence in the principal study was medium because it did not establish a firm
concentration-response relationship with an adverse effect and did not include an exposure level
that produced maternal toxicity. Confidence in the data base was medium because of the lack of
a multigeneration reproductive study, and lack of a developmental study in a second species.
Medium confidence in the RfC followed.

Additional studies considered in the RfC derivation included NTP (1989) subchronic and
chronic mouse and rat bioassays that found no exposure-related nonneoplastic histological
changes or body weight changes (subchronic NOAEL: 19,000 ppm [50.1 g/cu.m] 6 hours per
day, 5 days per week for 13 weeks; chronic NOAEL: 15,000 ppm [39.6 g/cu. m] 6 hours per day,
5 days per Week for 102 weeks [rats] or I00 weeks [mice]). However, uterine tumors were found
in mice, but not in rats.

PHARMACOKINETIC AND METABOLISM STUDIES

Several investigators (Dow Chemical Co., 1992; Fedtke et al., 1994a,b; Gargas et al.,
1990; Pottenger et al., 1992) have studied the metabolism of chloroethane in an effort to discern
the mechanism for induction of rare uterine tumors in female mice (NTP, 1989). A high-dose
dependent disposition and GSH-dependent metabolism in mice has been suggested to account for
the development of tumors in mice and not in rats (Pottenger et al., 1992). Fedtke et al. (1994a,b)
examined cytochrome P450-dependent and GSH-dependent metabolism in a series of in vitro
and in vivo experiments in groups of male and female rats and mice exposed to 15,000 ppm
chloroethane or air for 6 hours/day for 5 days. The authors concluded that chloroethane may be
oxidatively dechlorinated by cytochrome P450 to form acetaldehyde, which enters the 2-carbon
pool and is further metabolized to ethanol and acetic acid, and that species differences in
oxidative metabolism were not significant. In addition, rate constants estimated for rats from
these experiments were consistent with those estimated earlier by Gargas etal. (1990) in a PB-
PK model for chloroalkanes in the rat. It also was found that chloroethane may be conjugated
with glutathione, converted to the mercapturic acid and excreted in the urine as the acetylated
(both species) or non-acetylated (mice only) mercapturic acid. The rate of hepatic glutathione
conjugation of chloroethane (measured by GSH-transferase specific activity) was found to 
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higher in both sexes of mice compared with rats. When GSH concentrations were measured in
the lungs, liver, kidneys and uterus, GSH was decreased in the lung and uterus of mice after
exposure to 15,000 ppm, 6 hours/day for 5 days, compared with GSH concentrations in these
tissues after exposure to air. Decreases in GSH levels were also found in rats, but to a lesser
degree in the lungs than those found in mice. Further research is needed to understand these
apparent differences in organ and species GSH content. It is not clear whether the parent
compound or a metabolite are responsible for the induction of cancer and/or the noncancer
toxicity of chloroethane.

722

DERIVATION OF PROVISIONAL RiD

The IRIS Supportive Documentation (U.S. EPA, 1988b) explains that adverse effects
from one route of exposure may be assumed to be relevant to another route, unless convincing
evidence exists to the contrary. Factors that would argue against a route-to-route extrapolation
include lack of data for a least one route of exposure, portal of entry effects (such as first pass
effects or toxicity or reactivity at the site of contact), and significant differences in relative
absorption efficiencies between the routes. Animal studies with chloroethane indicate that the
target organ following inhalation is not the respiratory system (portal of entry), but a remote site
(i.e., for the RfC, delayed fetal ossification is the critical effect). This finding, together with the
limited pharmacokinetic data available for chloroethane, suggests derivation of a provisional oral
RID based upon inhalation data is feasible.

While Gargas et al. (1990) have proposed a PB-PK model for chloroethane, their
experiments were conducted in rats and the most sensitive species for the RfC was mice.
Chloroethane appears to be metabolized primarily by the liver, and to a lesser extend by other
organs, following high-dose, short-term inhalation exposure in both rats and mice (Fedtke et al.,
1994a, b). There appear to be species differences in the metabolism of chloroethane, particularly
in Phase II conjugation with glutathione (Fedtke et al., 1994a, b; Pottenger et al., 1992).
Decreases in glutathione noted in the lungs of mice exposed to short-term, high-doses of
chloroethane do not necessarily affect the feasibility of a route-to-route extrapolation, since the
target organ in mice is a "distant site", i.e., the developing fetus.

Since quantitative absorption data for the oral route are not available, relative absorption
efficiencies between the two routes cannot be ascertained. Chloroethane is a gas at room
temperature and atmospheric pressure, making oral exposures unlikely. However, it can be
assumed that once chloroethane is absorbed by the gastrointestinal tract, the pathway(s) 
metabolism would at least be qualitatively simdar to those following inhalation exposure in the
same species. The kinetic behavior of chloroethane is assumed to be independent of exposure
route once chloroethane is absorbed. Given that the liver has a high metabolic capacity for
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chloroethane, quantitative differences in the metabolism between oral and inhalation exposure
may exist, but it is difficult to predict what consequences these quantitative differences would
have on toxicity given the current data. Therefore, in the absence of definitive data to preclude a
route-to-route extrapolation for chloroethane an approach is proposed herein. This approach
appears to be consistent with principles put forth by Pepelko (1987) and EPA in their 1990
Route-to-Route Extrapolation for Risk Assessment Workshop (Gerrity and Henry, 1990).

A reasonable method for determining an oral RID from an animal inhalation NOAEL is
to derive the NOAEL(HEC) from the duration-adjusted animal NOAEL, followed by derivation
of an estimated oral human equivalent NOAEL [NOAEL(OHE)] using the following equation:

NOAEL(OHE) = NOAEL(HEC) X RAF X IR(human) X -~,

where:

RAF

IR(human)
BWH

= ratio of absorption efficiencies to account for difference between
respiratory and gastrointestinal systems,

= human inhalation rate (20 cu.rn/day), and
= human body weight (70 kg).

It is uncertain if applicatiofi of an absorption factor is warranted in this method, because
of the application of the ratio of the blood:gas coefficients in the derivation of the
NOAEL(HEC). There are no available data on the absorption of chloroethane following oral
administration. For the purposes of this exercise, an absorption ratio of 1 has been applied; oral
and inhalation absorption have been assumed to be equal.

For the case of chloroethane and the NOAEL from the Scortichini et al. (1986) study, the
NOAEL(HEC) of 4 g/cu.m would be multiplied as noted above to obtain a NOAEL(OHE) 
1.143 g/kg-day. Division by an uncertainty factor of 3,000 (300 as discussed for the inhalation
RfC and 10 for the route-to-route extrapolation) obtains a provisional oral RfD of 4E-I mg/kg-
day. An additional UF of 10 is applied for the route-to-route extrapolation because there are no
oral toxicity data and a paucity of toxicokinetic data. Low confidence would be associated with
this RID because, although confidence in the principal study is medium, confidence in the data
base is low due to lack of toxicological data for oral exposure and lack of a multigeneration
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SUMMARY

488

In summary, this issue paper discusses the derivation of a provisional oral RfD for
chloroethane from animal inhalation data. A route-to-route extrapolation appears to be feasible
based on available inhalation data although there are no oral toxicological data and limited
toxicokinetic information. The approach described is consistentwith EPA principles for route-
to-route extrapolation as discussed by Pepelko (1987) and Gerrity and Henry (1990). 
provisional value of 4E-1 mg/kg-day is proposed that employs an additional uncertainty factor of
10 for route-to-route extrapolation.
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(98-026/12-18-98)

Draft Risk Assessment Paper for:
The Development of a Provisional Oral Subchronic

RfD for Carbon Tetrachloride (CASRN 56-23-5)

INTRODUCTION

A verified chronic oral RfD of 7E-4 mg/kg-day is specified for carbon tetrachloride
(CTC) on IRIS (U.S. EPA, 1998). The database also ascribes a carcinogenic weight-of-evidence
classification of B2 to the compound, and specifies a carcinogenic slope factor of 1.3E-1 (mg/kg-
day)"1, a drinking water unit risk of 3.7E-6 (p.g/L)-1, and an inhalation unit risk of 1.5E-5 (p.g/m3)
1 (U.S. EPA, 1998). HEAST contains an inhalation slope factor of 5.3E-2 (mg/kg-day)"1 for the

compound (U.S. EPA, 1997). Occupational standards and guidelines have been assigned 
CTC, such as a TWA-TLV and ceiling STEL of 5 ppm (31 mg/m3) and 10 ppm (62 mg/m3),
respectively, with accompanying skin and carcinogen notations (ACGIH, 1998). Other
occupational standards include, from NIOSH, a ceiling REL of 2 ppm (12.6 mg/m3) and an
IDLH of 200 ppm (1260 mg/m3), and, from OSHA, TWA and ceiling PELs of 10 and 25 ppm
respectively, plus a limiting concentration of 200 ppm to which no-one should be exposed for
more than 5 minutes every 4 hours (NIOSH, 1994). An ATSDR Toxicological Profile for the
compound contains an acute inhalation MRL of 0.2 ppm, an intermediate inhalation MRL of
0.05 ppm, an acute oral MRL of 0.02 mg/kg-day, and an intermediate oral MRL of 0.007 mg/kg-
day (ATSDR, 1994). The U.S. EPA’s CARA list contains a number of documents on CTC (U.S.
EPA, 1994), including WQCDs (U.S. EPA, 1980; 1989a), HADs (U.S. EPA, 1982; 1984a),
HEAs (U.S. EPA, 1984b; 1989b), an RQ document for the compound’s carcinogenicity (U.S.
EPA, 1989c), and an MA (U.S. EPA, 1985).

Research papers pertinent to the potential subchronic toxicological effects of CTC were
sought through computer searches of the HSDB, RTECS, MEDLINE and TOXLINE (and its
subfiles) databases, covering 1994-1998. The literature searches were conducted in October
1998.

REVIEW OF THE PERTINENT LITERATURE

As noted in ATSDR (1994), CTC was used as a precursor or intermediate in the
manufacture of a number of industrially important chemicals, such as components of refrigerants,
cleaning fluids, propellants for aerosols, etc. Since the use of some of these products is being
phased out, occupational exposure to CTC might be expected to decline. However,
environmental exposure to the compound remains possible because of past and present releases.
Thus, the compound has been detected in at least 25% of the U.S. EPA’s National Priority List

(NPL) sites (ATSDR, 1994).

728
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Case reports of human exposure, poisoning incidents, and occupational surveys point
overwhelmingly to the liver as the primary target organ for the compound’s toxic effects.
(Tomenson et al., 1995). Experimental studies in animals have supported this conclusion by the
demonstration of changes in liver function, and altered morphology and/or histopathology,
resulting from acute or longer term CTC administration. For example, the verified chronic oral
RID on IRIS (U.S. EPA, 1998) is based on a subchronic oral gavage study of CTC in male
Sprague-Dawley rats, in which evidence of impaired liver function and the appearance of
histopathological lesions was noted at the mid- and high-dose levels (I0 and 33 mg/kg-day,
respectively). These data suggested the low-dose level of 1 mg/kg-day as a NOAEL for liver
toxicity (Bmckner et al., 1986). Second, the IRIS compileres chose a number of experimental
studies in which tumors had been formed in the liver as a result of CTC administration to
develop carcinogenic slope factor and drinking water unit risk values for the compound (U.S.
EPA, 1998). Third, the biomedical/toxicological literature contains many reports of studies that
featured the administration of CTC as a means of inducing liver injury experimentally. Such
systems have found use as a "test-bed" for studying the potentiating or mediating effects of other
compounds or agents on liver toxicity (the cirrhosis model), or as a vehicle for identifying the
biochemical and/or physiological changes that may have mechanistic importance as the organ
becomes diseased.

In the paragraphs that follow, recent (1994-1998) articles on the longer-term toxicological
effects of CTC in experimental animals and human beings have been sought and evaluated, and
their utility for the development of quantitative toxicity values compared to those that formed the
basis for the toxicity values that are available on IRIS or HEAST (U.S. EPA, 1998; 1997). 
general, few if any of the more recent research articles on CTC have employed dose ranges at or
near the threshold for the onset of the compound’s toxic effects. Rather, dose levels have been
chosen explicitly to ensure the formation of histopathological lesions of the liver, thereby
providing a cirrhosis/fibrosis model on which other parameters could be tested or evaluated.

The principal study reported in the IRIS to derive the verified chronic RID for CTC was
that of Bruckner et al. (1986), who exposed male Sprague-Dawley rats to CTC by gavage in corn
oil, using acute, subacute, and subchronic dosing regimens. For subchronic exposure, 15-16
animals/group were administered 0, 1, 10 or 33 mg/kg CTC, 5 days/week, for 12 weeks. Body
weights were recorded twice weekly, and blood samples were obtained from all subjects prior to
dosing on weeks 2, 4, 6, 8, 10, and 12. A key feature of the protocol was the use of a 2-week
post-treatment period, in which surviving rats were allowed to recover prior to termination.
Blood samples were also taken at the end of this period. A small number of clinical chemistry
parameters, including the activities of sorbitol dehydrogenase (SDH), glutamate pyrnvate
transaminase (GPT), ornithine carbamyl transferase (OCT), and the concentration of BUN, 
measured in serum as indicators of possible impairment of liver or kidney function. Excised
pieces of liver and kidney were examined histopathologically.
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The high-dose animals displayed marked evidence of hepatic toxicity, and the activities
of OCT, GPT and SDH in serum were all elevated. Similarly, the most severe histopathological
effects in the liver were evident in this group of animals. By contrast, the animals displayed few
if any signs of nephrotoxicity. Fewer histopathological lesions were evident in the livers of those
animals allowed a 2-week recovery period prior to sacrifice, suggesting the ability of the rat liver
to recover from at least some of the toxicological impacts of CTC. However, the comparatively
mild hepatocellular vacuolization that was evident at term in the mid-dose animals appeared to
persist throughout the recovery period, as indicated by the existence of this feature in the
majority of the survivors in this sub-group (4/7). By analogy to the histopathological
manifestations of CTC toxicity, changes in the clinical chemistry parameters were also
comparatively mild in the mid-dose group, with no changes in the activity of OCT or GPT, but a
3-fold increase in the activity of SDH after 12 weeks. From these data, the authors suggested a
NOAEL for the hepatotoxic effects of CTC of 1 mg/kg-day, a value converting to a TWA-
NOAEL of 0.71 mg/kg-day, based on the frequency of exposure (5/7 days in a week).

Data from a number of other subchronic toxicological studies that were cited on IRIS
(U.S. EPA, 1998) lend support to the results of Bruckner et al. (1986). For example, Hayes et 
(1986) carried out a similar experiment in CD-mice in which, in the subchronic section of the
study, 0, 12, 120, 540 and 1200 mg/kg-day CTC was administered to 20/sex/group by gavage in
corn oil, every day for 90 days. Two groups of controls were included in the experimental
design, consisting of 20 untreated mice and 20 receiving corn oil. A wide range of
hematological, clinical chemistry and urinalysis parameters were measured at term, followed at
necropsy, morphological examination of selected organs, and by histopathological examination
of the liver and kidney.

CTC at the target dose levels appeared unrelated to changes in body weight,
hematological or urinalysis parameters. However, a number of serum enzyme activities normally
indicative of maintenance of liver homeostasis were dose-dependently increased, while blood
glucose concentrations were reduced. On histopathological examination, though no treatment-
related lesions were evident in the kidney of treated animals, evidence of hepatotoxicity was
noted at every dose level. Consequently, the lowest dose of 12 mg/kg-day could be assigned as a
LOAEL, based on the altered histopathology of the liver.

Condie et al. (1986) reported one of a number of studies that have evaluated the possible
effects of vehicle on the toxicity of CTC in experimental animals. Twelve CD-1 mice/sex/group
were gavaged 5 days/week for approximately 12 weeks at concentration of 0, 1.2, 12, or 120
mg/kg in either com oil or Tween-60. During the in-life portion of the experiment, clinical signs
were observed daily, while body weights, food and water consumption were recorded twice
weekly. At termination, all animals were necropsied, and whole livers were excised to permit the

determination of absolute and relative organ weight. Blood samples were obtained to analysis
for alanine aminotransferase (ALT), aspartate aminotransferase (AST), and lactate
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dehydrogenase (LDH) activities in serum, and pieces of the excised livers were processed for
histopathological examination.

CTC in corn oil had a much more marked effect on the change in serum enzyme activities
than did equivalent amounts of the compound in Tween-60 (Condie et al., 1986). Similarly,
judged subjectively, the more severe histopathological effects of CTC on the liver appeared to be
associated with the corn oil vehicle. The authors considered 12 mg/kg-day to be a NOAEL for
the histopathological effects of CTC in Tween-60, whereas 1.2 mg/kg-day was a more
appropriate choice for the compound in corn oil.

Taken together, the points-of-departure for the subchronic hepatic toxicity in Sprague-
Dawley rats and CD-1 mice in the subject studies show good consistency, with the unadjusted
NOAELs falling in the region of I to 1.2 mg/kg-day, and a LOAEL of 12 mg/kg-day where no
NOAEL was available. With a dose of 1 mg/kg-day serving as a basis for the TWA-NOAEL of
0.71 mg/kg-day as derived by the IRIS compilers, the consistency of these data lends support to
the chronic and subchronic RIDs of 7E-4 mg/kg-day and 7E-3, respectively, as set forth in IRIS
or HEAST (U.S. EPA, 1997; 1998).

Among more recent studies that have addressed the toxicity of CTC, the ability of the
liver to recover from some of the compound’s toxic effects was explored by Allis et al. (1990),
who gavaged 48 male F344 rats/group with 0, 20 or 40 mg CTC/kg in corn oil, 5 days/week, for
12 weeks. Twenty-four animals/dose level provided blood samples that were used to assess
clinical chemistry parameters. Homogenized pieces of liver were used as enzyme source in the
measurement of cytochrome P450 activity. Other pieces of tissue were used for
histopathological processing. Six animals from each dose levels were terminated on days, 1, 3, 8
and 15, post-exposure. The other set of 24 rats/group was used to measure radiolabeled sulfur
colloid and 2-deoxyglucose uptake, again with 6 animals/group being examined on days, 1, 8, 15
and 22, post-exposure.

After 12 weeks, clinical chemistry measurements and morphological and
histopathological examinations in the first set of rats suggested an increasing morphological and
physiological impact on the liver, as the dose of CTC was increased. This was exemplified at
both administered doses by increases in the serum activity of certain liver enzymes such as ALT,
AST, alkaline phosphatase (AP) and LDH, and, in liver homogenates, by a reduction in the
activity of cytochrome P450. Histopathologically, CTC effects were marked by the onset of
cellular necrosis, and by vacuolar degeneration and cirrhosis, the most clear-cut lesions being
apparent at the higher dose. However, these lesions and the clinical chemistry changes
associated with them, became progressively less apparent in the post-exposure groups,
suggesting that, at the termination of CTC treatment, rat livers may have the ability to recover
from the well-known toxicological effects of the compound, in agreement with the results of
Bruckner et al. (1986).
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A more recent report by Bruckner’s group re-examined the importance of veh!cle in the
oral toxicity of CTC, using male Spragne-Dawley rats as the animal model (Koporec et, al.,
1995). Eleven animals/group were gavaged at 0, 25 or 100 mg]kg in either com oil or 1%
Emulphor, 5 times/week, for 13 weeks. Three control groups were employed, one receiving no
treatment, one receiving corn oil and the third receiving Emulphor. Body weights were recorded
weekly, and blood samples were taken after 4, 8, and 13 weeks for the measurement of serum
enzyme activities. At termination, excised pieces of liver were examined histopathologically,
measured for tfiglyceride content, and used to prepare microsomes for cytochrome P450 and
glucose 6 phosphatase assays.

Survival was poor among the high-dose groups, with approximately 70% of the subjects
that received 100 mg/kg CTC in Emulphor dying prior to termination. In general, the number of
deaths in rats receiving Emulphor were higher than in those receiving corn oil at the same CTC
concentrations. By contrast, animals in all the control groups survived. Exposed animals
displayed a reduced body weight gain in response to CTC, an effect that was more marked in
those animals receiving corn oil versus Emulphor. However, the various treatments did not have
much effect on liver weight. Serum enzyme activities and tissue indices such as triglyceride
concentration showed profound changes in relation to the dose of CTC, as shown in Table 1.
However, overall, there were no significant differences in serum enzyme activities as a result of
dosing vehicle. There was a dose-related effect of CTC on the histopathology of the liver,
though again, with comparatively few effects due to vehicle. For example, hepatic lesions
evident at 25 mg/kg were characterized by centrilobular degeneration irrespective of vehicle,
while lesions were uniformly present at the higher dose level. The deposition of collagen was
typical of that seen in hepatitis or cirrhosis, and there were some signs of accompanying bile duct
proliferation. Overall, however, these effects appeared not to be exacerbated by the choice of
dosing vehicle, in contrast to the results reported by Condie et al. (1986) in CD-1 mice.

Table 1. Effects of CTC and Dosing Vehicles on Serum Enzyme Activities and Liver Parameters

732

CTC Treatment Sorbitol Dehydrogenase (mU/mL) Alanine aminotransferase (m~t/mL)
Groups/Vehicle

4 weeks 8 weeks 13 weeks 4 weeks 8 weeks 13 weeks

Untreated 30+_0.9(11) 19.3 -+ 3.2 (11)

EMcontrol 34_+1.0(10) 19.3 ± 2.3 (10)

CO control 3.6 ± 1.0 (10) 18.3 _+ 3.3 (11)

25 mg/kg in EM 15 + 8 (4) 26 -+ 17 (5) 44 ± 18 (8) 24.3 -+ 2.8 (4) 37.1 -+ 11 (5) 38.8 ± 7.2 (8)

25 mg/kg in CO 23 +-. 13 (5) 36 ± 8 (5) 41 _+ 34 (10) 30.8 - 5.7 (5) 39.9 -+ 4.8 (5) 46.5 _+ 23 (10)

100 mg/kg m EM 283 ± 165 (4) 344 ± 81 (5) 144 ±58 (4) 457 ± 204(4) 471 ± 56 (5) 182 ± 60 (4)
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100 mg/kg in CO 211 -+ 120 (4) 1 443 + 94 (5) 100 _+ 48 (6) ] 392 _+ 279 (4)
655 ± 183 (5) t 168 + 58 (6) 

Tissue Indices at Cyt. P450 G-6-Pase Triglyceride
termination (nmoFmg protein) (pmol Pi/hlmg protein) 0tmol/g liver)

Untreated 0.83±006 17.7 ± 1.0 18.1 ±0.9

EM control 0.74 ± 0.03 20.6 ± 1.6 16.6 ± 1.6

CO control 0.82 ± 0.07 18.7 ± 1.5 23.4 ±2.9

25 mg/kg in EM 0.71 ± 0.05 16.0 ± 2.3 36.4 ± 3.1

25 mg/kg in CO 0.84 ± 0.14 15.4 ± 2.9 26.4 ± 4.9

100 mg/kg in EM 0.46 ± 0.06 10.0 + 1.8 28.6 ± 0.9

100 mg/kg in CO 0 45 + 0.05 9.0± 1 1 27.9 ± 4.3

data taken from Koporec et al. (1995). EM = Emulphor, CO = corn oil.

Another study that addressed the issue of the effect of vehicle on the hepatotoxicity of

CTC was that of Szende et al. (1994) who administered 0.2 mlJkg via gavage, 3 times/week for

8 weeks, to varying numbers of male F344 rats. A number of natural oils were used to disperse

the compound, including sunflower oil, olive oil, corn oil and fish oil. Based on a compound

density of 1.594 g/cc, the chosen dose level approximated to 320 mg/kg, with a full range of

CTC-free oil-only control groups included in the study design. Though body weights and those

of potential target organs such as the liver, spleen and testis were recorded, the primary endpoint

was the histopathology of the liver and, as an index of fibrosis, the semi-quantitative estimates of

the percentage of collagen content in picrosirius-stained liver sections.

Liver sections of animals exposed to CTC in corn oil, sunflower oil and fish oil displayed

significantly more collagen than tfieir respective controls, while the degree of apparent fibrosis in

animals receiving the compound in olive oil was interme&ate, as shown in Table 2.

Table 2. CTC-Induced Liver Fibrosis: Effects of Various Edible Oils as Gavage Vehicle

Treatment Group Collagen Fiber (%) n

Sunflower oil + CTC (320 mg/kg) 6.39 -+ 3.60* 30

Corn oil + CTC (320 mg/kg) 7.51 ± 2.80* 20

Olive od + CTC (320 mg/kg) 2.11 ±0.54 15

Fish oll + CTC (320 mg/kg) 6.09 ± 1.80" 15

Sunflower oll controls 0 44 ± 0.20 5
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Corn oil controls 0.88.4- 0.30 5

Olive oil controls 0.55 + 0.10 5

Untreated controls 0.57 - 0.30 5
data taken from Szende et al. (1994). * versus ohve oil + CTC group

Examples of recent studies that examined the ability of experimental administration of
CTC to serve as a "cirrhosis/fibrosis model" may be found in the reports of Delrat et al. (1994)
and Frezza et al. (1994). Thus, Delrat et al. (1994) created a "hepatic insufficiency model" by 
intragastric and/or intraperitoneal administration of the compound to groups of 4 New Zealand
white rabbits at 0.035 and 0.1 mlJkg (equivalent to doses of 56 and 159 mg/kg, respectively),
twice a week for 8 weeks. Intragastric and intraperitoneal controls received 0.1 mL/kg corn oil
alone, using the same dosing regimen. Once a week, immediately prior to CTC administration,
blood samples were taken for the measurement of ALT, AST and gamma glutamyl transferase (y-
GT) activities, plus the concentrations of creatinine, bilirubin and total protein. At termination,
excised liver pieces were examined histopathologically, and other portions were used to measure
microsomal cytochrome P450, UDPglucuronyltransferase (UDPGT) and cytosolic glutathione 
transferase activities. However, the primary endpoints of the study were the extent to which the
experimentally induced liver displayed impaired metabolism of the xenobiotics, antipyrine and
indocyanine green (ICG). These compounds were administered to CTC-treated and control
rabbits by a single intravenous bolus injection at 30 mg/kg and 1 mg/kg respectively, after the 8
weeks of CTC treatment. Serial blood samples were then taken for xenobiotic analysis from zero
time to 4 hours, thereby permitting an assessment of their respective pharmacokinetic parameters.

There were no treatment-related changes in the concentrations of protein, creatinine or
bilirubin in the blood of New Zealand white rabbits. However, serum enzymes such as ALT,
AST and y-GT displayed a spike of activity after the first treatment, with a subsequent reduction
to near normal levels. Histopathological examination of liver biopsy specimens displayed the
onset of "pericentrilobular post-necrotic fibrosis", though with no evidence of any accompanying
cirrhosis. Microsomal cytochrome P450 and cytosolic glutathione S-transferase activities were
dose-dependently reduced irrespective of the route of CTC administration, though that of
UDPGT was unchanged. In conjunction with these CTC-induced changes, the pharmacokinetic
parameters of antipyrine displayed a dose-related reduction in clearance rate (CLT), increased
area under the time/concentration curve (AUC), but a broadly similar "volume of distribution 
steady state (Vds~)." By contrast, the pharmacokinetic parameters of ICG, a compound that 
widely used to assess hepatic blood flow because of its high extraction ratio, displayed markedly
lower VDs~ values, indicating that the hepatic injury induced by CTC appeared to be associated
with altered hepatic blood flow.

Frezza et al. (1994) provided another example of an experimental study featuring the use
of CTC to induce liver damage pursuant to the assessment of related biochemical and/or
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nutritional parameters. Female Sprague-Dawley rats received amounts of CTC by gavage
(vehicle unstated) that increased periodically (from 0.08 mL to 1.6 mL) across the 30 
dosing period. At sacrifice, blood sample were taken for the measurement of trace elements, sex
hormones and liver function enzymes, while all livers were examined histopathologically.

All 20 animals were reported to have developed liver cirrhosis, while six rats displayed
hepatocellular carcinomas. Marked fluctuation was evident in the plasma concentrations of zinc,
copper and estradiol, in relation to the histopathological state of the liver (hepatocellular
carcinoma beating versus cirrhosis only). However, the etiological significance of these findings
remains unclear.

Included among recent studies that have explored the toxicokinetics of CTC in relation to
the compound’s hepatotoxicity are two reports by Sanzgiri et al. (1995; 1997) who examined the
toxicological effects of route and pattern of exposure on the deposition of CTC in the circulation
and on its delivery to certain target organs. Using a 2-way mask, the authors exposed male
Sprague-Dawley rats to CTC for 2 hours via inhalation at 100 and 1000 ppm, concentrations that
the authors calculated to be equivalent to dose levels of 17.5 and 179 mg/kg, respectively. These
doses were subsequently administered to other rats either as a bolus gavage injection or as a
gastric infusion over the same period of time as the inhalation dosing regimen (2 hours). Serial
samples of blood for CTC analysis were taken from 2-60 minutes, and at intervals up to 12 hours
after exposure. After 24 hours, the animals were sacrificed and further samples of blood were
taken to measure the activities of SDH and AP. Excised pieces of liver were used to make
microsomal preparations that were used as enzyme source in the measurement of the activities of
cytochrome P450 and glucose 6 phosphatase (G6Pase).

From the hepatotoxicological standpoint, animals exposed to 17.5 mg/kg CTC showed
comparatively few changes in the serum activities of SDH or AP, though the liver activities of
cytochrome P450 and G6Pase were decreased compared to control. However, at the higher dose,
serum activities of SDH and AP were elevated compared to controls. In general, there appeared
to be more profound changes in those animals receiving CTC as a bolus, compared to those
receiving the compound via inhalation or as a gastric infusion. Similarly, pharmacokinetic
parameters such as the AUC and the maximum blood concentration (Cm~x) were markedly
elevated in those animals receiving CTC as a bolus (Sanzgiri et al., 1995). When specific
concentrations of CTC were measured in the major tissues, the liver concentrations were shown
to become temporarily elevated, though the highest specific concentrations were subsequently
found in adipose tissue (Sanzgiri et al., 1997). The authors noted that, as levels of the parent
compound diminished rapidly in the liver, a poor correlation between CTC levels in liver and
alterations of hepatotoxicity endpoints would be anticipated at the later time points. They
therefore considered that measuring the quantity of reactive CTC metabolites in the liver during
the initial minutes after dosing might better relate the toxic consequences of CTC exposure to its
dosimetry.
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An example of a recent study that investigated toxicological endpoints of CTC o~er than
liver toxicity is that of Narotsky et al. (1997) who administered CTC at 0, 25, 50 or 75 mg/kg-
day to pregnant F344 rats in either corn oil or 10% Emulphor on gestation days (GD) 6-15.
Litters were examined post-natally, and those darns not delivering were examined at autopsy for
full litter resorptions (FLR) using 10% ammonium sulfide as a stain. FLRs were evident at the
two highest doses of CTC, with the incidences of FLR much higher in subjects receiving the
compound in corn oil versus the aqueous vehicle. By contrast, surviving litters displayed no
effects.on gestation length, post-natal survival or pup morphology, and, while some fluctuations
in pup weights were evident, these were probably unrelated to dose. Using the GD 6-15 dosing
regimen, the authors considered a dose of 25 mg/kg to be a NOAEL for CTC’s developmental
effects (FLRs). This range of doses is far in excess of the 1 mg/kg-day value that was identified
as a NOAEL for the compound’s hepatotoxic effects (Bruckner et al., 1986).

DERIVATION OF A PROVISIONAL SUBCHRONIC ORAL RfD

The report by Bruckner et al. (1986) is the critical study on the oral toxicity of CTC, since
the range of doses employed allowed a sub-threshold dose of 1 mg/kg-day for the compound’s
hepatotoxic effects to be unequivocally identified. Accordingly, this dose level serves herein as
the NOAEL for developing a provisional subchronic RfD.

To calculate the provisional subchronic RfD the NOAEL is first adjusted for daily
exposure, thus:

NOAEL (mg/kg-day) = 1 mg/kg x 5 days/7 days

= 0.71 mg/kg-day

The subchronic RfD = NOAEL / UF x MF

= 0.71 mg/kg-day/100 x 1

= 7E-3 mg/kg-day

where:the uncertainty factor (UF) of I00 is calculated from factors of 10 for
extrapolation from rats to humans and 10 to protect sensitive subpopulations.

Confidence in the Derived Provisional Subchronic RfD

Confidence in the above derivation can be evaluated in light of (1) the apparent scientific
rigor with which the principal study was carried out, (2) the thoroughness with which the study’s
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findings were documented, (3) the extent of any emerging consensus bounding the choice 
principal effect, (4) the level of agreement with other studies on the likely quantitative point-of-
departure for the compound’s toxic effects, and (5) the completeness of the toxicokinetic
database.

According to the first four criteria, the derived provisional subchronic RfD of 7E-3
mg/kg-day appears to warrant high confidence since the overwhelming body of experimental
studies point to the liver as CTC’s primary target organ. In addition, a number of other studies
have indicated that 1 mg/kg-day is a suitable unadjusted NOAEL for the subchronic toxicity of
the compound when administered orally by gavage in corn oil (Hayes et al., 1986; Condie et al.,
1986). The Bmckner et al (1986) study appears to have been rigorously carded out 
documented, although one possible caveat surrounds the restriction of the histopathological
evaluations to the liver and kidney only. Judging the derived provisional subchronic oral RID
against the final criterion (completeness of the toxicological database for the compound) tempers
the overall confidence in the derivation, since, as pointed out by the IRIS compilers (U.S. EPA,
1998), there is a comparatively small body of information on the compound’s
reproductive/developmental toxicity, with no 2-generation study. This data gap justifies the
choice of medium for the overall level of confidence ascribed to the derived provisional
subchronic RfD.

Remaining uncertainties include the justification for including or excluding a further UF
component (3 or I0) to cover the incompleteness of the toxicological database referred to above.
In this assessment, while recognizing that certain data elements pertaining to the possible
reproductive/developmental toxicity of CTC are missing, choosing to exclude this UF component
from the final derivation centers on the likelihood that, based on existing evidence, the
reproductive/developmental NOAEL may be at least an order of magnitude greater than that
observed for the compound’s hepatotoxic effects.

RISK CHARACTERIZATION FOR CARBON TETRACHLORIDE

Cancer Hazard Summary In accordance with the U.S. EPA’s Guidelines for
Carcinogenic Risk Assessment (U.S. EPA, 1986), IRIS ascribes a weight-of-evidence
classification for CTC of "]32" -a probable human carcinogen based on inadequate evidence in
human beings and sufficient evidence in animals (U.S. EPA, 1998). In terms of the descriptors
provided in the agency’s Proposed Guidelines for Carcinogenic Risk Assessment (U.S. EPA,
1996) CTC is likely to be carcinogenic to humans via the oral route of exposure. This weight-
of-evidence is based on a number of experimental studies describing the onset of CTC-induced
hepatocellular adenomas and carcinomas that IRIS used in combination to derive a carcinogenic
oral slope factor and inhalation unit risk for the compound (U.S. EPA, 1998). The existence of 
number of experimental studies in which liver tumors were formed in a range of animal models
justifies ascribing the weight-of-evidence classification to the higher end of the confidence range.
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SUPPORTING INFORMATION

Human Data No data were identified that address the potential toxicity/carcinogenicity
of the compound in human beings.

Animal Data Included in the positive carcinogenicity data discussed in IRIS, were the
formation of hepatocellular adenomas and carcinomas in Osborne-Mendel rats, B6C3F1, C3H,
A, Y, C and L mice, and Syrian Golden Hamsters (U.S. EPA, 1998). As discussed earlier, the
article by Frezza et al. (1994) reported hepatocellular carcinoma formation in Sprague-Dawley
rats after 30 weeks of oral administration. Taken together, these data affirm the capacity of CTC
to induce liver tumors in a range of species and strains of laboratory animal.

Mutagenicity In a range of experimental systems and studies discussed and tabulated by
ATSDR (1994), CTC appeared to lack the capacity to induce mutagenic or genotoxic effects.

MODE OF ACTION

Since CTC has been found to be largely negative for the induction of
genotoxic/mutagenic effects, it can be reasonably assumed that the carcinogenic effects of the
compound may resemble those of its structural analogue, chloroform, a compound whose
carcinogenicity has been shown to critically depend on tissue damage followed by hepatocellular
regeneration and repair rather than perturbation of the genome (Butterworth et al., 1995).
Among the mechanisms that have been invoked as being etiologically important in the toxicity of
CTC is the compound’s metabolism by the cytochrome P450 mixed-function oxidase system
(ATSDR, 1994). Therefore, this step may represent the initial process in the induction of tumor
formation by CTC.

DISCUSSION

The studies that were evaluated for their demonstration of the ability of CTC to induce
liver tumors were deficient in some form (U.S. EPA, 1998). Therefore the geometric mean
tumor incidence data from each mdividual study were used to calculate a carcinogenic slope
factor of 1E-1 (mg/kg-day)-1.

BRIEFING SUMMARY
Designation

Routes Class or Rationale
oral hkely high

Dose Response
linear (default)
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Basis for classification/dose response
I. Human data: None

,
Animal data: A number of studies have demonstrated the formation of tumors in the
liver of experimental animals.

.

Structural analog data: A number of chlorinated alkanes have been shown to induce
tumors in laboratory animals, including CTC’s closest structural analogue, chloroform.

° Other key data: The compound’s active metabolites are considered etiologically
important in its carcinogenicity.

,
Mode of action: The carcinogenicity of CTC is thought to be unrelated to any direct
effects of the compound or its metabolites on the genome. An emerging consensus
appears to favor the tissue necrosis/regeneration model as a mechanism by which CTC
brings about tumor formation.

.

Hazard classification/uncertainties: Because of the multiplicity of the data, confidence
in the chosen weight-of-evidence descriptor for the compound is high. However,
deriving a consensus carcinogenic slope factor represents an attempt to reduce uncertainty
in the quantitative findings of studies that, in themselves, may lack critical information or
statistical power.

7. Dose response: Linearity has been assumed by default.
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Attachment 4

(96-027/12-01-97)

Risk Assessment Issue Paper for:

Provisional RfD for Cobalt (7440-48-4)

Cobalt has been found to stimulate the production of red blood cells in humans and,
therefore, has been used as a treatment for anemia. In 12 anemic, anephric patients undergoing
dialysis, treatment with 0.18 mg cobalt/kg/day as cobalt chloride for 12 weeks resulted in a
significant rise in hemoglobin (Duckham and Lee, 1976). Taylor et al. (1977) reported similar
effects in 8 anephric patients treated with 0.16-0.32 mg cobalt/kg/day as cobalt chloride for 12-32
weeks. In both studies, hemoglobin levels returned to pre-treatment levels following the
cessation of treatment. Similar effects were reported in nonanemic humans and animals (Davis
and Fields, 1958; Krasovskii and Fridlyand, 1971). Reversible polycythemia was reported in 
normal male subjects following treatment with 1 mg cobalt/kg/day as cobalt chloride for 25 days
(Davis and Fields, 1958). In normal rats, treatment with 0.5 mg cobalt/kg/day, but not 0.05
mg/kg/day, as cobalt chloride resulted in polycythemia and an increase in hemoglobin
(Krasovskii and Fridlyand, 1971). An increase in hematocrit and hemoglobin levels was not
observed, however, in pregnant women treated with 0.5-0.6 mg cobalt/kg/day for 90 days in an
-attempt to alleviate the anemia often found during pregnancy (Holly, 1955).

Much of the oral data in humans deals with the cardiomyopathy seen in people who drank
large quantities of beer containing cobalt chloride (used to stabilize the foam) (Alexander, 1969,
1972; Morin et al., 1971). The people ingested 0.04-0.14 mg cobalt&g/day (approximately 8-30
pints of beer daily) over a period of years (Alexander, 1969, 1972; Morin et al., 1971). 
cardiomyopathy in the beer-drinkers, termed "beer-cobalt cardiomyopathy," was fatal to 43% of
the subjects within several years, with approximately 18% of these deaths occurring within the
first several days. The beer-cobalt cardiomyopathy appeared to be similar to alcoholic
cardiomyopathy and beriberi, but the onset of the beer-cobalt cardiomyopathy was much more
abrupt. The practice of adding cobalt to beer to stabilize the foam has been discontinued. It
should be noted, however, that the cardiomyopathy may have also been due to the fact that the
beer-drinkers had protein-poor diets and may have had prior cardiac and hepatic damage from
alcohol abuse. Treatment of both pregnant and nonpregnant anemic patients with comparable or
much higher doses of cobalt (0.09-1 mg cobalt/kg/day) did not result in effects on the heart
(Duckham and Lee, 1976; Davis and Fields, 1958; Holly, 1955; Taylor et al., 1977).

Cobalt has been found to be a sensttlzer in humans. Individuals are sensitized following
dermal or inhalation exposure, but flares of dermatitis may be triggered following cobalt
ingestion. One study was located that orally challenged cobalt-exposed workers in order to
assess sensitization (Veien et al., 1987). In this study, several patients with eczema of the hands
were challenged orally with 1 mg cobalt (0.014 mg cobalt/kg/day as cobalt sulfate) in tablet form
once per week for 3 weeks and 28/47 patients had a flare of dermatitis following the oral
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challenge (Veien et al., 1987). Forty-seven patients had positive patch tests to cobalt’(13 
cobalt alone and 34 to nickel and cobalt) and 7 of the 13 patients that patch tested positive to
cobalt reacted to the oral challenge. Using both the oral challenge and dermal patch tests, it was
determined that the cobalt allergy was systemically induced. The exposure levels associated with
sensitization to cobalt following inhalation or dermal exposure were not established.

Interrelationships have been found to exist between cobalt and nickel sensitization
(Bencko et al., 1983; Rystedt and Fisher, 1983; Veien et al., 1987). In guinea pigs, nickel and
cobalt sensitization appear to be interrelated and mutually enhancing (Lammintausta et al., 1985).
Therefore, it is possible that in people sensitized by nickel, exposure to cobalt may result in an
allergic reaction. The elicitation of an allergic response in cobalt-sensitized workers was
considered for the derivation of an oral RfD. An or~RfD was not derived because a NOAEL for
the elicitation of the allergic response in humans was not defined and, because interrelationships
exist between cobalt and nickel sensitization, people sensitized by nickel may have an allergic
reaction following cobalt exposure. Consequently, it is impossible to certify that an RfD based
on this effect would provide sufficient protection for sensitive individuals.

Three studies were located examining the developmental effects of orally administered
cobalt (given as cobalt chloride) in rodents (Domingo et al., 1985; Paternain et al., 1988;
Seidenberg et al., 1986). Dorningo et al. (1985) treated pregnant female rats to 5.4 to 21.8 
cobalt/kg/day from gestation day 14 through lactation day 21. Fetal effects included stunted
growth of the pups at 5.4 mg cobalt&g/day and decreased survival at 21.8 mg cobalt/kg/day.
These effects occurred at levels that were maternally toxic (authors did not specify the effects),
therefore, the effects may be a result of maternal toxicity and not cobalt treatment. No
teratogenic effects were reported.

No significant effects on fetal growth or survival were found in rats exposed to 6.2 to
24.8 mg cobalt/kg/day during gestauon days 6-15 (Patemain et al., 1988), although 
nonsignificant increase in the incidence of stunted fetuses was found in the animals treated with
12.4 or 24.8 mg cobalt/kg/day. Matemal effects, however, including reduced body weight and
food consumption and altered hematological parameters, were reported. No fetal effects were
reported in mice exposed to 81.7 mg cobalt/kg/day during gestation days 8-12 (Seidenberg et al.,
1986), but a significant decrease in maternal weight was found.

Several studies reported testicular degeneration and atrophy in rats exposed to 5.7 to 30.2
mg cobalt&g/day as cobalt chloride for 2-3 months in the diet or in the drinking water (Corrier et
al., 1985; DornJngo et al., 1984; Mollenhauer et al., 1985; Nation et al., 1983; Pedigo et al.,
1988).

Given the database, the most sensitive indicators of cobalt toxicity following oral

exposure are the increase in hemoglobin in both humans and animals, and the elicitation of
dermatitis in sensitized individuals.
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An alternative approach was likewise evaluated based on the hematological effects of
cobalt treatment (increase in hemoglobin) in anemic dialysis patients (Duckham and Lee, 1976).
The results of this study are supported by a similar study in anephric patients (Taylor et al.,
1977). Hematological effects of cobalt were also found in studies in normal humans (Davis and
Fields, 1958) and rats (Krasovskii and Fridlyand, 1971) indicating that the effect is not limited 
anephric individuals. The data of Davis and Fields (1958) reported hemoglobin increase of 6-11
% over "normal" in "normal" volunteers given 0.96 mg cobalt&g/day as cobaltous chloride.
However, the data of Duckham and Lee (1976) describes a case of refractory anemia in patients
with chronic renal failure that upon treatment with 0.18 mg cobalt&g/day for 12 weeks
responded favorably. The patients hemoglobin levels were increased to levels at or near low
"normal" clinical levels from levels clinically described as anemic. The anemia recurred
following cessation of treatment. Thus, this effect of cobalt administration in the Duckham and
Lee (1976) study (and likewise that of Taylor et al., 1977) cannot be termed adverse, but 
actually clinically beneficial to patients with renal disease. Consequently, these data cannot be
used to derive an oral RID.

Summary of Additonal Oral Studies on Cobalt to be Included in Master List Uptate

Male Sprague-Dawley rats (12 per group) were exposed to one of three diets: control diet,
a diet containing 12% protein ("protein-restricted" control) or the protein-restricted diet
containing cobalt sulfate at a concentration to achieve 8.4 mg Co&g-day (40 mg COSO4 
7H20/kg-day) (Pehrsson et al., 1991). After eight weeks rats, were euthanized and hearts were
isolated and perfused in a Langendorff perfusion circuit for assessment of left ventricular
function. Body weights of rats exposed to 8.4 mg Co&g-day were significantly lower (37%,
p<0.05) than rats maintained on the protein-restricted control diet. No significant differences in
left ventricular function were observed between the three diet groups. Myocardial Co
concentrations were 1.5-4 mg Co&g wet weight after eight weeks of exposure to 8.4 mg Co&g-
day compared to 0.05-0.18 after eight weeks on either of the two control diets. In a subsequent
follow-up study (see below), cardiac function was assessed in rats after a 16 or 24 week
exposure Co; the longer exposure duration resulted in higher myocardial Co concentrations and
impairment of left ventricular function (Haga et al., 1996).

In the follow-up study, male Sprague-Dawley rats (12-16 per group) were exposed to 
conventional control diet or a diet containing cobalt sulfate to achieve a daily intake of 8.4 mg

Co&g-day (40 mg COSO4 - 7H20/kg-day) (Haga et al., 1996). The Co intake in the control group
was not reported. After 16 or 24 weeks on the diets, rats were euthanized and hearts were
isolated and perfused in a Langendorff perfusion circuit for assessment of left ventricular
function. Body weights of rats exposed to 8.4 mg Co&g-day were significantly lower than
control rats after 16 weeks (26%, p<0.0001) and 24 weeks of exposure (31%, p<0.001). 
ratio of left ventricular weight to body weight was significantly higher in rats exposed to 8.4 mg
Co&g-day for 24 weeks (30%, p<0.001). After 16 weeks of exposure, coronary flow index was
significantly higher compared with controls (p<0.01) suggesting lower flow resistance in the
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coronary vascular bed. After 24 weeks of exposure, impairment of left ventricular;function was
more pronounced and characterized by decreased myocardial distensibility (reduced left
ventricular pressure decay during diastole and pressure rise during systole, compared with
control) in addition to reduced coronary flow resistance. Thus, the LOAEL was 40 mg/kg-day
for left ventricular hypertrophy and impaired systolic and diastolic left ventricular function.
Myocardial Co concentrations were I0-11 mg Co/kg wet weight after 16 and 24 weeks of
exposure, compared with 0.12-0.13 mg Co/kg in the controls. The higher Co concentrations are
2-3 times greater than the Co concentrations achieved in the previous study of Pehrsson et al.
(1991), and may explain why impaired ventricular function was evident after the longer exposure
duration used in the Haga et al. (1996) study. [Hearts from human victims of "beer drinkers’
myocardiopathy" were found to have a mean cobalt concentration of 0.48 mg Co/kg comapred to
0.04 mg Co/kg in controls (Sullivan et al., 1968).]

Male guinea pigs (20 per group) were exposed to one of six isocaloric diets for 5 weeks:
standard Purina Guinea Chow (SGPC), SPGC plus 20 mg/kg-day Co as cobalt sulfate, SPGC
(liquefied) plus 2 g/day ethanol with or without 20 mg/kg-day Co, SPGC (liquefied) plus sucrose
with or without 20 mg/kg-day Co (Mohiuddin et al., 1970). Mortality at 5 weeks in the cobalt
groups was 4-5 of 20; compared with 0-1/20 in the groups that did not receive the Co
supplemented diets. Guinea pigs in the Co-supplemented groups had tachypnea, weakness and
hindlimb paralysis (incidence not reported). Absolute and relative heart weights in all Co-
supplemented groups were significantly greater than in the groups not supplemented with Co
(28%, p<0.01). Gross examination of the heart after five weeks of exposure revealed pericardial
effusion in 45-50% of all of the Co-supplemented guinea pigs and in none of the guinea pigs that
did not receive Co. Microscopic examination revealed in all of the Co-supplemented groups, but
not the other groups: pericardial thickening; myocardial degeneration without inflammation (e.g.,
absence of cellular infiltration) characterized by loss of myofribrillar material, vacuolization and
increased intracellular lipid and glycogen content; endocardial edema and thickening; and
thrombl in all heart chambers. Electron microscopic examination revealed in the Co-
supplemented groups: loss of intracellular myofibrillar elements, changes in mitochondria shape,
size and cristae morphology, dilated sarcoplasmic reticulum, intracellular lipid droplets. A
greater incidence of abnormal electrocardiograms (ECG) including bradycardia, loss of QRS
voltage and repolarization abnormalities were recorded in the Co-supplemented groups
beginning in the 3rd and 4th weeks of exposure (65% abnormal ECG in SPGC group plus Co
compared with 5% in the SPGC group). Specific ECG abnormalities consisted of a greater
incidence in the Co-supplemented group (e.g., incidence in SPGC plus Co/incidence in SPGC) 
bradycardia (80%/5%), decreased QRS voltage (75%/10%), A-V conduction delay (25%/5%)
and S-T changes (65%/5%). The 20 mg Co&g-day exposure used in this study defines a FEL for
mortahty and functional and histopathologic heart lesions in guinea pigs exposed to Co in food
for five weeks.

In a subchronic reproductive study, adult male B6C3F1 mice were exposed to drinking
water containing 400 mg Co/L as cobaltous chloride or given drinking water without Co
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supplementation (control); mice were fed Purina Rodent Chow (Pedigo and Vernon, 1993). 
estimated dosage assuming an adult body weight of 0.04 kg and default drinking water intakes
for male B6C3F1 mice (U.S. EPA, 1987) was 93 mg Co/kg-day. A dominant lethal assay was
conducted after 10 weeks of exposure: Co-exposed and control males (10 per group) were mated
with control females over a period of two weeks; pregnant females were euthanized on day 19 of
pregnancy and fetuses were evaluated for gross abnormalities, response to tactile stimuli, and
size (data not reported); resorptior/s and preimplantation losses were quantified. Males from both
groups were euthanized after the dominant lethal assay was completed and epididymal sperm
concentration and sperm motion characteristics. In a concurrent fertility study, males from the
Co-exposed and control groups were mated overnight with control females (superovulated by
injection of pregnant mare serum gonadotropin) after 7 and 10 weeks of exposure to Co and 2, 
and 8 weeks after cessation of exposure to Co. Pregnant females were euthanized on day 2 of
pregnancy and the number of ova/embryos and percentage of embryos that were 2-cell or greater
(fertilized) were determined. The dominant lethal assay showed a significantly (p< 0.001) lower
percentage of pregnant females (58% vs 91%) and average number of implantations per female
(6.5 vs 8.3) in the cobalt-exposed groups compared controls and a significantly higher average
number of preimplantation losses in the cobalt-exposed group (2.4 vs 0.43); post-implantation
losses were not different in the two groups. Sperm concentration was significantly lower after 10
weeks of exposure to Co compared with control and remained significantly lower eight weeks
after exposure to Co ceased. Sperm motion (motility, path velocity, progressive velocity,
linearity, progressive motility and track speed) was significantly depressed after 10 weeks of
exposure to Co compared with controls but recovered eight weeks after exposure to Co ceased.
After 12 weeks of exposure, male fertility rate in the Co-exposed groups was significantly
reduced compared with males in the control group (1.8% ova fertilized vs 82.4% fertilized) and
recovered to control levels eight weeks after exposure to Co ceased. This study defines a
LOAEL of 93 mg Co/kg-day for impairment of reproduction in mice.

The only known nutritional, but vital function of cobalt is as a cofactor of vitamin B12. In
humans, vitamin B12 is derived from bacterial synthesis and therefore, cobalt is essential for
animal species, such as ruminants~ that depend totally on their bacterial flora for vitamin B12.
There is no evidence that the intake of cobalt is ever limiting in the human diet, and therefore no
RDA is deemed necessary for cobalt (NRC, 1989). It should be noted that the average daily
intake of cobalt in humans ranges from approximately 0.002-0.008 mg cobalt/kg/day in adults

(0.16-0.58 mg cobalt/day + 70 kg; Tipton et al., 1966; Schroeder et al., 1967) and 0.01-0.06 
cobalt/kg/day in children (0.3-1.77 mg cobalt/day ÷ 28 kg; NRC, 1989; Murthy et al., 1971).
Murthy et al. (1971) indicated that the children in this study ranged in age from 9-12 years.
Using the average weight of 28 kg for children aged 7-10 years (NRC, 1989), the average daily
intake for the children in this study ranged from 0.01-0.06 mg/kg/day. If the default adult weight
of 70 kg is used with the Murthy data, then the range of intake would be from 0.004-0.025
mg/kg/day.
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The effects of chronic occupational exposure to cobalt on the respiratory system are well
documented. Cobalt has been found to be the etiologic agent in hard metal disease. The
observed effects include respiratory irritation, wheezing, asthma, pneumonia and fibrosis and
have been found to occur at exposure levels ranging from 0.003 to 0.893 mg cobalt/m3 over a
period of 2-17 years (Davison et al., 1983; Demedts et al., 1984; Kusaka et al., 1986a,b; Raffn et
al., 1988; Shirakawa et al., 1988; Sprince et al., 1988).

Studies have implicated cobalt as a sensitizer in humans. Although the minimum
exposure level associated with cobalt sensitization has not been determined, work-related asthma
was found in hard metal workers who were occupationally exposed (for greater than 3 years) 
levels of cobalt ranging from 0.007 to 0.893 mg cobalt/m3 (Shirakawa et al., 1988). Given the
database, the most sensitive indicators of cobalt toxicity by inhalation exposure are the effects on
the respiratory system in both humans and animals and allergic responses in cobalt-sensitized
individuals.

The data described above does not identify a single study, animal or human, that could be
used to properly derive an oral RID. In unusual circumstances, i.e., excessive beer drinking or
through occupational sensitization, cobalt has been shown to manifest toxicological
symptomatology. However, these reports provide inadequate data on which to derive an RfD.
Furthermore, use of inhalation data to derive an oral RfD is precluded due to portal of entry
effects. It is apparent that the upper range of average intake for children (0.06 mg/kg/day) 
below the levels of cobalt needed to induce polycythemia in both renally comprised patients
(0.18 mg/kg/day) and normal patients (0.96 mg/kg/day).

Therefore, in lieu of an oral RfD for cobalt and given the ubiquitous nature of cobalt and
the relatively well characterized intake of cobalt in food, it is recommended that the intake levels
described above be used as guidance for oral exposure to cobalt.
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Risk Assessment Issue Paper for:
Feasibility of RfD Derivation for 2-Methylnaphthalene

(CASRN 91-57-6)

INTRODUCTION

The TOXLINE (1.981-1998) and TSCATS data bases were examined in October 1998 
identify literature regarding health effects associated with exposure to 2-methylnaphthalene and
1-methylnaphthalene (as a possible surrogate). Update searches of TOXLINE (1991-1993, 
number and chemical names strategy, all cites), CANCERLINE (1963-1993, CAS number and
chemical names strategy, all cites), TSCATS, RTECS, and HSDB were performed and screened
in April 1993.

In addition to the literature searches, IRIS (U.S. EPA, 1998), the RfD/RfC Monthly Status
Report (U.S. EPA, 1995), the Drinking Water Regulations and Health Advisories list (U.S. EPA,
1994a), the HEAST (U.S. EPA, 1997), the NTP Chemical Status Reports (NTP, 1993a;b) and 
OHEA CARA lists (U.S. EPA, 1991, 1994b), were used to identify sources of additional
information. The ATSDR (1990) Toxicological Profile for Naphthalene and
2-Methylnaphthalene and a report by Buckpitt and Franklin (1989) were also reviewed for
pertinent literature.

The U.S. EPA (1998) has not derived an RfD for 2-methylnaphthalene, nor is this
chemical under consideration by the RfD/RfC Work Group (U.S. EPA, 1995) or listed on the
HEAST (U.S. EPA, 1997). ATSDR (1990) has not derived MRL values.

REVIEW OF PERTINENT LITERATURE

Data were not located regarding effects in humans or animals following inhalation or oral
exposure to 2-methylnaphthalene (or 1-methylnaphthalene). Information regarding the health
effects of 2-methylnaphthalene is restricted to examinations of cell damage in the bronchiolar
epithelium of mice (Griffin et al., 1981; Rasmussen et al., 1986; Buckpitt and Franklin, 1989;
Honda et al., 1990) and rats (Dinsdale and Verschoyle, 1987) given intraperitoneal injections 
2-methylnaphthalene, and to studies of mononucleated giant cell formation and proteinosis in
pulmonary alveoli of mice dermally exposed over a period of 30 weeks to a mixture of 1- and
2-methylnaphthalene (Murata et al., 1992).

Because no data on 2-methylnaphthalene that are suitable for derivation of the requested
provisional oral RfD were located, use of the toxicity data for naphthalene as a surrogate for
2-methylnaphthalene have been considered. Intraperitoneal injections of either naphthalene, 1-
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methylnaphthalene or 2-methylnaphthalene caused cell damage in the bronchiolar epithelium of
mice (Rasmussen et al., 1986). Naphthalene and 2-methylnaphthalene were about equally toxic,

but changes associated with 1-methylnaphthalene exposure were less severe. Other reports of
similar results in similar mouse experiments comparing only naphthalene and
2-methylnaphthalene are available (Griffin et al., 1981; Buckpitt and Franklin, 1989; Honda et
al., 1990). Although these comparisons suggest that naphthalene and its methylated derivatives
may cause similar health effects in acutely exposed animals, it is uncertain if similarities in
health effects would be observed in humans repeatedly exposed to any one of these compounds
in the environment. It is possible that the observed effect in mice is a special case that may not
apply to other species, since no bronchiolar cell damage was detected in rats following
intraperitoneal doses of naphthalene, 1-methylnaphthalene or 2-methylnaphthalene (Dinsdale and
Verschoyle, 1987). Furthermore, hemolytic anemia has been identified in case reports to be the
primary effect in humans associated with acute exposure to naphthalene (ATSDR, 1990).
Because no hemolytic effects were observed in mice orally exposed for 14 days to naphthalene
doses as high as 267 mg/kg/day (Shopp et al., 1984), the use of rodents as an experimental model
to assess health hazards for humans exposed to naphthalene or its methylated derivatives has
been questioned (ATSDR, 1990).

Limited data are available concerning the relative acute lethality of naphthalene and
2-methylnaphthalene. Intraperitoneal doses of 2-methylnaphthalene as high as 800 mg/kg have
been administered to mice without mortality (Griffin et al., 1981), but the intraperitoneal LDs0
value for naphthalene is 380 mg/kg in mice (Warren et al., 1982), and intraperitoneal doses 
naphthalene as low as 150 mg/kg have been reported to produce lethality in this species
(Sandmeyer, 1981). Analysis by NCEA-Cin using the recently developed Quantitative-Structure-
Activity model ( rat, oral, chronic), predicts LOAEL values for 2-methylnaphthalene,
naphthalene and 1-methylnaphthalene of 67.2, 42.0 and 34.5 mg/kg/day, respectively in order of
increasing toxicity. The LD50s for. the same compounds are 1.4, 1.8 and 0.872 g/kg, respectively.
However, these predicted toxicities are based upon electrotopological (E-state) parameters and
does not imply that the health endpoints are the same. Based on the metabolism, the health
endpoints may be the same or different, depending on whether side chain or ring oxidation
predominates with respect to health endpoint.

Comparison of the metabolism of 2-methylnaphthalene and naphthalene indicate that the
addition of a methyl group can make a significant difference in metabolic fate (Buckpitt and
Franklin, 1989). 2-Methylnaphthalene metabolism proceeds via two divergent pathways, methyl
group oxidation and epoxidation of the aromatic ring. Naphthalene metabolism occurs via the
aromatic ring epoxidation pathway only. The methyl group oxidation pathway is the major
metabolic fate of 2-methylnaphthalene in guinea pigs (Teshima et al., 1983) and rats (Melancon
et al., 1982). Further differences between the metabolism of naphthalene and that of its
methylated derivatives can be inferred from reports that treatment of mice with inhthitors of
cytochrome P-450 monooxygenase activity (i.e., SKF 525-A and piperonyl butoxide) did not
inhibit the development of 2-methylnaphthalene-induced bronchiolar cellular damage, but
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markedly protected against naphthalene-induced damage (see Buckpitt and Franklin, 1989). The
target organ for naphthalene, especially in animals and humans, appears to be different than for
2-methyl naphthalene. However, this conclusion is based on one dog experiment. Consequently,
until additional studies are available, additivity for naphthalene and 2-methyl naphthalene can be
assumed based on the fact that 1-methyl naphthalene appears to effect the same target organ as
naphthalene; namely, the erythrocytes.

DERIVATION OF A CHRONIC ORAL RID

Oral and inhalation toxicity data for 2-methylnaphthalene are lacking, precluding
derivation of a
provisional oral RID
for
2-methylnaphthalene.
In general the
methylation of
aromatic rings
modifies the
metabolic pathway
and reduces the
toxicity of the
chemical. This is
observed with
benzene and
naphthalene when
they are converted to
methyl benzene
(toluene) and 
methyl naphthalene
with respect to effects
on the hematopoietic
system. However,
until additional
studies are available
to address
unequivocally the
health effects of 2-
methyl naphthalene, it
seems reasonable to
use the RID for
naphthalene (2E-2
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mg/kg/day; US EPA,
1998) as a surrogate
for its methylated
derivative; namely, 2-
methyl naphthalene.
The basis for this
conservatism is that
the ring oxidation
reactions of 2-methyl
naphthalene are
similar ( 3,4-, 5,6- and
7,8-dihydrodiols), to
those of naphthalene
in that the same three
dihydrodiols are
produced by
metabolism of both
compounds via
epoxide
intermediates.
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Risk Assessment Issue Paper for:
Deriving Toxicity Values for Acute Exposure

toPCBs (CASRN 1336-36-3): The Development of Provisional
RIDs and RfCs for Oral, Inhalation and Dermal Exposure

A number of records on IRIS (U.S. EPA, 1998) provide quantitative benchmarks for the
carcinogenicity or systemic toxicity of the polychlorinated biphenyls (PCBs). Thus, in the
agency’s reevaluation of the carcinogenicity of PCBs (CASRN 1336-36-3) as a class, separate
upper, middle and lower tier pairs of slope factors (upper-bound and central tendency) are
derived for different combinations of media, exposure scenarios, and mixtures of congeners (U.S.
EPA, 1998). By contrast, for the compounds’ non-carcinogenic effects, IRIS and HEAST (U.S.
EPA, 1997) break out the quantitative evaluations into separate records for component Aroclors,
with a verified chronic oral RfD of 7E-5 mg/kg-day for Aroclor 1016 (CASRN 12674-I 1-2), and
a value of 2E-5 mg/kg-day for Aroclor 1254 (CASRN 11097-69-1). A chronic oral RfD for
Aroclor 1248 (CASRN 12672-29-6) was considered "not verifiable." ATSDR has published
Toxicological Profiles for the PCBs as a class, in which an overall MRL of 2E-5 mg/kg-day is
proposed for chronic oral exposure (ATSDR, 1993; 1997). Occupational exposure limits and
standards have been specified for some members of the class, including TWA-TLVs of lmg/m3

for the 42% chlorinated component (equivalent to Aroclor 1242) and 0.5 mg/m3 for Aroclor 1254
(ACGIH, 1996). Each compound carries a "skin" notation, with Aroclor 1254 noted as 
animal carcinogen. NIOSH (1994) records RELs for Aroclors 1242 and 1254 of 0.001 mg/m3,

OSHA PELs of 1.0 and 0.5 mg/m3, respectively, and IDLHs of 5 mg/m3 for either compound.
With a "skin" designation, the compounds are also marked as carcinogens, eye irritants, and as
inducers of liver damage and reproductive effects (NIOSH, 1994). The CARA list (U.S. EPA,
1994) specifies a number of documents on the PCBs, including a WQCD (U.S. EPA, 1980),
DWCDs (U.S. EPA, 1984a; 1988), a HEA (U.S. EPA, 1984b), an RQ document for cancer
effects (U.S. EPA, 1989), plus issue papers focusing on action levels (U.S. EPA, 1986) 
toxicity equivalency factors (U.S. EPA, 1991).

Research papers pertinent to the absorption and toxicity of the PCBs via the dermal route
were sought through computer searches of the HSDB, RTECS, MEDLINE, and TOXLINE (and
its subfiles) databases, covering the time period of 1990-1998. The literature search was
conducted in June 1998.

DERIVING ACUTE TOXICITY VALUES FOR THE PCBs

The Chronic Health Hazard Assessments for Non-Carcinogenic Effects (U.S. EPA, 1998)
states that the governing concept for the oral RfD is the assumption that dose thresholds exist for
certain toxic effects that do not lead to cancer. Thus, the chronic quantitative toxicity value for a
compound represents an estimate of the dose level that is unlikely to lead to harmful effects in
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human beings, including sensitive isub-populations such as children and the elderly, as a result of

continuous (and possibly lifetime) exposure. Deriving such values depends on the evaluation 
data obtained from long-term toxicological studies in which dosing is carried out for at least half
the normal life-span of the animal model being employed. Such an approach seeks to mimic in
an experimental setting the hypothetical exposure to the chemical to which human beings would
be subjected through daily exposure in the environment. Shorter term exposure studies (e.g.,
subchronic, 10 - 50% of the animal’s normal life expectancy) can also be used in such
derivations. This provides implicit endorsement of the concept of time-weighting and the
existence of an inverse correlation between the duration of exposure and the dose in this paper of
a compound that would be necessary to induce similar toxic effects. This relationship is used as
the basis for estimating acute toxicity values for PCBs from chronic toxicity data and available
benchmarks.

Key to the development of toxicity values for acute exposure to environmental
contaminants may be the delineation of exposure scenarios that set the context in which the
adjustment of chronic and subchronic to acute dosimetry may be targeted. For example,
scenarios that are likely to be operative in the acute exposure to PCBs might include, (1)
consumption of PCBs in food, (2) inhalation of PCBs in proximity to harmful emission, such 
toxic waste incinerator emissions, electrical fires, and (3) dermal exposure during occupational
exposure, for example, electricity company employees examining transformers, hazardous waste
remediation, etc.

In the evaluations and extrapolations presented here, the verified toxicity values available
on IRIS, HEAST, and/or from the agencies and organizations with statutory or professional
oversight of occupational exposure standards, such as ACGIH, NIOSH, OSHA, and ATSDR,
have been used as points-of-departure for developing provisional acute toxicity values for oral,
inhalation and dermal exposure, with the choice of uncertainty factors employed to achieve such

extrapolations rationalized by a survey of existing toxicity data. For dermal exposure, an acute
toxicity value has been developed using the derived provisional acute oral RfD as a starting
point, as impacted by the use of oral and dermal absorption factors, and by empirical
considerations of the impact of "first-pass" metabolism on orally absorbed PCBs.

Oral Exposure

A considerable library of experimental studies attest to the widespread non-cancerous
toxicological effects of the PCBs. Many of these studies have been summarized in the IRIS
records for Aroclors 1016, 1248 and 1254 (U.S. EPA, 1998) and in the Toxicological Profiles for
the PCBs as a class (ATSDR, 1993; 1997). For example, to derive the verified chronic oral RID
for Aroclor 1016, the IRIS compilers chose reduced birth weights in a reproductive bioassay in
rhesus monkeys as the critical effect. By contrast, the appearance of clinical signs and
immunological changes were considered to be the primary effects of Aroclor 1254 in the same
animal model. Similarly, ATSDR used these same immunological responses to Aroclor 1254 as

DRAFT - Do not cite or qt~0te. For internal use only.

d-80



488
a basis for their chronic duration oral MRL for PCBs as a class (ATSDR, 1993). ATSDR (1993;
1997) has also provided a tabulated list of the entire spectrum of non-cancerous toxicological
responses induced by PCBs in experimental studies. Depending on exposure duration and dosing
levels, these effects include lethality, respiratory, cardiovascular and gastrointestinal lesions; liver
necrosis and fatty changes, dermal and ocular effects, dose-dependent changes to serum clinical
chemistry parameters and hormone levels, changes to hematological and neurological
parameters, and reproductive/developmental perturbations.

However, despite the wide range of toxicological effects that have been induced by PCBs
in experimental studies, the verified quantitative toxicological benchmarks that have been
derived for the non-cancerous effects of the compound show a striking similarity, as summarized
in Table 1.

Table I. Quantitative Toxicological Benchmarks for Non-Cancer Effects of PCBs
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Compound Principal Effect RID MRL Reference
(mg/kg-day) (mg/kg-day)

Aroclor 1016 Reduced birth 7E-5 U.S. EPA, 1998.
weight in
neonates

Aroclor 1254 Clinical signs; 2E-5 U.S. EPA, 1998.
reduced
immunological
response to
sheep red blood
cells (SRBCs)

PCBsasaclass Reduced 2E-5 ATSDR, 1993.
immunological
response to
SRBCs.
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As stated earlier, when quantitative toxicity benchmarks for chronic non-cancer
toxicological endpoints such as the RfD and R.fC are derived from studies of less than half of the
animals normal lifespan (i.e., sub-chronic studies) a factor is usually applied to the NOAEL 
LOAEL to take into account the less than lifetime exposure duration. Unless overwhelming
evidence is available for its inapplicability, the value of 10 is normally chosen for this
transposition by default. In the above analysis of the relationship between threshold and sub-
threshold dose levels for toxic response categories elicited by PCBs for different exposure
durations, a factor of 10 has emerged as an applicable and reasonably conservative chemical-
specific estimate for the chronic to intermediate (sub-chronic) and intermediate to acute
transitions.

Accordingly, if the value for the chronic oral RfD of 2E-5 mg/kg-day, specific for Aroclor
1254, is considered applicable to the class of PCBs as a whole, correcting this value by two
uncertainty factors of 10 each, to address the chronic to sub-chronic and sub-chronic to acute
dosing regimen transitions, will result in the increase in the chronic oral RfD by two orders of
magnitude.

Therefore, the provisional acute oral RfD may be calculated, thus:

Provisional Acute RfD = RfD x UF =

2E-5 mg/kg-day x 100 =

2E-3 mg/kg-day.

Therefore, this value would constitute a guideline for any "one-hit" exposure scenario
involving PCBs (e.g., through the consumption of contaminated food).

Inhalation Exposure

Neither the IRIS records for PCBs as a class, nor those for the individual Aroclors 1016,
1248 or 1254, contain verified chronic inhalation RfCs (U.S. EPA, 1998). Therefore, in contrast
to the provisional acute oral RfD, deriving an acute inhalation RfC for the PCBs cannot use such
verified quantitative toxicity benchmarks as the point-of-departure. However, a range of
recommended and/or permitted air concentration values has been established for the PCBs by
agencies and professional organizations that establish guidelines and permitted levels of the
compounds in the workplace (ACGIH, 1996; NIOSH, 1994). Since these are time-weighted
average values, deriving an acute inhalation RfC might be dependent on proportioning the
starting limit or guideline by factors expressing the differences between the assumed and chosen
exposure scenario.
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As listed in Table 3, a number of guidelines and standards are available for the
concentration of PCBs in air.

Table 3. Existing Guidelines and Limits for Levels of PCB in Air in the Workplace

{ V~

ACGIH (TWA-TLV) AJ

ACGIH (TWA-TLV) A~

NIOSH (REL)

NIOSH (REL) A~

NIOSH (IDLH) AJ

NIOSH (IDLH) AJ

OSHA (PEL) AJ

OSHA (PEL) A~

data taken from NIOSH. (1994) and ACGIH (1996).

As noted in NIOSH (1994), RELs are time-weighted average concentrations appropriate
to a 10-hour work day during a 40-hour work week. By contrast, IDLHs have been established
based on the effects that might occur as a result of a 30-minute exposure. These concentrations
(i.e., IDLHs) are considered to represent the level of exposure that is likely to cause death 
immediate or delayed permanent adverse health effects.

This analysis uses the NIOSH REL of 0.001 mg/m3 as a conservative estimate of the
concentration of PCBs in air that might be expected to be without significant health
consequences during exposure throughout the work-week. Since the RELs are time-weighted
average values, this concentration can be adjusted by factors that address the likely scenarios that
would constitute "real-world" instances of acute exposure. For example, if it is assumed that a
receptor is in the vicinity of a point-source emitter of PCBs, such as a low temperature thermal
desorption unit treating contaminated soil, an acute toxicity value could be calculated from the
REL by simple proportionality based on the different times of exposure. Thus, if the duration of
exposure were assumed to be two hours, an acute toxicity value could be derived by time-
weighting the NIOSH REL to model the appropriate time interval.

Therefore, using the NIOSH REL as a starting point:
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A recommended mr concentration hrmt for PCBs per hour is

0.001 x 40 = 0.04 mg/m3

For a two hour exposure, the TWA exposure limit for provisional acute toxicity would be

0.04/2 = 0.02 mg/ms.

Dermal Exposure

Estimating an acute dermal RfD uses the acute oral RfD derived in this issue paper, and
transposes the administered dose to an internalized dose by the application of an oral absorption
factor. This will constitute the sub-threshold internalized dose for toxic effects irrespective of
the route of administration. Thereafter, if the dermal absorption factor arising from acute
exposure is known or can be calculated, an acute dermal administered dose may be derived by
simple proportionality. A potentially toxic amount (action level) of PCBs can be calculated
using default or known values for the body weight of the receptor, if based on a discrete exposure
scenario (e.g., exposure to electricity company workers inspecting leaking transformers).

ATSDR (1993; 1997) discusses a number of reports in which the toxicokinetics of PCBs
have been investigated, and notes a number of values that have been calculated for the absorption
of PCBs via the oral route. Depending on the experimental animal model and level of
chlorination of the congeners that were employed in the studies, values from 75-95% have been
derived for the percentage of the load that was internalized. In addition, Wester et al. (1990;
1993) have described a number off experiments in Rhesus monkeys in which the dermal
absorption of a xenobiotic could be determined in experiments that compared the relative
proportions of radiolabeled PCBs that could be collected from the urine compared with the
amount resulting from intravenous injection. Depending on the vehicle employed to apply the
compound to the skin (such as trichlorobenzene, mineral oil, or acetone), percentages of between
10-21% of the load were absorbed.

Therefore, in this provisional derivation, oral and dermal absorption factors of 0.95 and
0.15, respectively, have been assumed for PCBs.

Therefore, using the calculated acute oral RfD as the point-of-departure, the internalized
acute oral RID would approximate to:

2E-3 x 0.95 = 1.9E-3 mg/kg-day.
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This is assumed to be the h~ternalized provisional acute oral RfD irrespective of the route
of administration.

766

Assuming a dermal exposure factor for PCBs of 0.15 and back-calculating from the
internalized RID, the applied provisional acute dermal RfD would therefore be

1.9E-310.15 = 1.3E-2 mg/kg-day.

[ It may be noted that, assuming an exposure scenario involving acute dermal exposure to an
electric company employee (default body weight = 70 kg) in which the duration of exposure were
sufficient for maximal skin penetration to be realized, a provisional acute action level of 1.3E-2
x 70 kg = 0.88 mg would result.]

Uncertainty

The degree of uncertainty associated with estimating acute toxicity values for the PCBs
from quantitative toxicity benchmarks for chronic toxicity is focused on the applicability of the
uncertainty factors used in the time-weighting adjustments. In this derivation, the challenge has
been to establish a balance between the range of potential uncertainty factors that might be
available for the time-weighting transpositions and the need to remain reasonably conservative to
"protect" potential receptors to the PCBs. Expressing the central tendency as a geometric mean
has removed the expected dominance that would have been imposed by the extreme values in the
range, and has generated an overall estimate of 20.28. Since 6 of the 10 values contributing to
this estimate were between 5 and 15, these values, taken together, were considered to be
sufficiently close to the default time-weighting uncertainty factor of 10 typically used m
RfD/RfC derivations, thereby justifying its application to the derivations described in this issue
paper. However, since the verified chronic oral RID was calculated from one of the very few
immunological studies in the data set, uncertainty remains as to whether the factor of 10-fold
adjustment for that particular response would be the most applicable to the chronic-intermediate-
acute toxicity extrapolation.

The primary contributor to the uncertainty bounding the acute inhalation RfC would be
the arbitrary choice of the NIOSH REL as the guideline employed for the starting point in the
calculation. This is because the REL is only one of the range of limits and guidelines that are
available as potentially protective to human health, as listed in Table 3. Choosing the NIOSH
REL of 0.001 mg/m3 represents a deliberately conservative choice that has the potential to force
an acute inhalation RfC that would be unreahstically low.

The limited suite of dermal and oral toxicokinetic data that attest to the absorption of the
PCBs provide estimates of the factor of an administered load that can be absorbed. For oral
exposure, these estimates range from 75 to 95%, suggesting that first pass metabolism of the
compounds at the liver is minimal. This conflicts with data that is summarized in ATSDR
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(1993; 1997) that point to the liver as one of the key target organs for the compounds. In seeking
to provide an empirical assessment of the quantitative dermal toxicity of the PCBs, this anomaly
has not been considered further. Similarly, data suggesting that the rates of dermal penetration of
the different congeners may differ markedly have not been further considered in this analysis
(Garner and Matthews, 1998). Perhaps the largest sources of uncertainty bounding the dermal
toxicity estimate are (1) the uncertainty surrounding the question of whether the skin of a Rhesus
monkey resembles human skin, and (2) the necessity of assuming an unlikely exposure scenario
in which a receptor would allow the contaminant to remain on the skin surface for sufficient time
for maximal penetration to occur. In the real-world, any such contact would probably be
removed within a short space of time.

It may be noted that, as set forth in the preceding paragraphs, each of the acute toxicity
estimates is beset with considerable uncertainty, constituting an amalgam of semi-realistic
exposure assumptions and the all-pervasive requirement to remain conservative in assessments
where human health may be impacted. Accordingly, for all three provisional acute toxicity
estimates, low confidence is assigned.

RISK CHARACTERIZATION

Cancer Hazard Summary PCBs are likely to be human carcinogen (U.S. EPA, 1996)
based on sufficient evidence of tumor formation in a number of authoritative studies in
laboratory animals, that have been summarized on IRIS (U.S. EPA, 1998). Though a number 
cohort studies involving potentially occupationally exposed persons have failed to provide
conclusive evidence of human carcinogenicity, the observation of dose and time-dependent
tumor formation in a number of target organs and sites in various strains of rats, provide
sufficient justification for the conclusion of carcinogenicity, even in the absence of appropriate
data in human beings.

Supporting Evidence

Human Data. The IRIS record for the PCBs documents a number of cohort studies in
which employees of companies making capacitors and other electrical equipment were followed-
up, in an effort to forge the link between exposure to PCBs and cancer mortality. In general,
there was an absence of exposure-related trends, though, in many cases, small sample sizes and
brief follow-up periods reduced confidence in any overall conclusions that could be derived (U.S.
EPA, 1998).

Animal Data. A number of experimental studies point strongly to the carcinogenicity of
the PCBs. As summarized on IRIS, though the studies have been confined to a number of strains
of rat, a range of tumor sites were observed, with associated dose and time-dependent
relationships being apparent (U.S. EPA, 1998).
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Mutagenicity. As tabulated in ATSDR (1993; 1997), the overwhelming majority 

studies of the mutagenicity and genotoxicity of the PCBs have provided negative data. For
example, all available reports point to the compounds’ inability to induce gene reversion in the
Ames test.
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Mode of Action

The mechanism of cancer induction by PCBs is not well-understood, although the subject
has been extensively studied (ATSDR, 1993; 1997). Among the biochemical triggers that have
been invoked to explain the tumorigenic responses are, (1) PCB binding to the Ah receptor, and
(2) induction of cytochrome P-450-dependent monooxygenases. However, the etiological
significance of these activities remains obscure.

Discussion

The marked incidence of positive carcinogenic effects of the PCBs in experimental
animals allows the compound to be ascribed to the likely carcinogenic weight-of-evidence
category with reasonably high confidence. This is because the authoritative nature of the
available studies transcends the insufficient human exposure data that, to this point, have failed
to bring adequate statistical power to their analyses. Occupational exposure studies are also
confounded by the difficulty of unequivocally defining the source term. Few mechanistic data
exist on the mechanism whereby PCBs bring about their toxic effects. The compound does not
appear to be mutagenic (ATSDR, 1993).

BRIEFING SUMMARY
Designation

Route Class or Rationale
Oral Likely High end

Dose Response
Linear extrapolation
below LEDI0s (U.S.
EPA, 1996)

Basis for Classification/Dose Response

Human Data: Most of the cohort/occupational exposure data on human exposure to
PCBs are inconclusive.

Animal Data: The PCBs have been shown to induce tumors in rats at a range of target
organs and sites.

Structural Analog Data: Structural analogies have been drawn between the PCBs and
dioxins, which themselves are well-known carcinogens in experimental animals. As
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noted by ATSDR, polybrorhinated biphenyls (PBBs) have been shown to be carcinogenic
in animal studies (ATSDR, 1993; 1997).

Other Key Information: None.

Mode of Action: No data.

Hazard Classification/Uncertainties: High confidence is ascribed to the carcinogenic
weight-of-evidence classification, despite the absence of evidence of cancer induction in
human beings or in a second experimental animal model. Similarly, the lack of
information on the tumorigenic mechanism of the PCBs constitutes a residual source of
uncertainty.

Dose Response: Linearity has been assumed below the LEDI0 (U.S. EPA, 1998).
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Attachment 7 7 7 ;7

Risk Assessment Issue Paper for:
Carcinogenicity Information for

Tetrachloroethylene (perchloroethylene, PERC) (CASRN 127-18-4)

The carcinogenicity characterization has a long history. A July 1985 Health Assessment
Document for Tetrachloroethylene (Perchloroethylene), EPA # 600/8-82/005F, classified the
agent in Weight-of-Evidence Group "C - Possible Human Carcinogen" mentioning that this
would be reevaluated because of new information. The 1985 document also provided upper
bound inhalation and oral risk estimates. An April 1987 Addendum to the Health Assessment
Document, EPA# 600/8-82/005FA, proposed that the Weight-of-Evidence be upgraded to "B2 -
Probable Human Carcinogen" and provided a revised inhalation risk estimate. A February 1991
document titled Response to Issues and Data Submissions on the Carcinogenicity of
Tetrachloroethylene, EPA# 600/6-91/002A discussed newer data relative to weight-of-evidence
classification. The Agency’s Science Advisory Board has reviewed these documents finding
them to be technically adequate while offering an opinion that the weight-of-evidence is on C-B2
continuum (C=Possible Human Carcinogen, B2=Probable Human Carcinogen). At present time,
the Agency has not adopted a final position on the weight-of-evidence classification.

The upper bound risk estimates from the 1985 Health Assessment Document as amended
by updated inhalation values from the 1987 Addendum have not as yet been verified by the I1LIS-
CRAVE Workgroup. The estimates are viewed as useful information in the context of the
information available in the 1985-1987 period.

ORAL: 1985 HAD; Unit risk = 1.5E-6 per ug/L

Slope Factor = 5.2E-2 per mg/kg/day

INHALATION: 1987 Addendum; Unit risk = range form 2.9E-7 to 9.5E-7 with a geometric
mean of 5.8E-7 per ug/cu.m

Slope factor = 2.0E-3 per mg/kg/day

Those needing to make a choice about carcinogenicity have found the 1985, 1987 and
1991 EPA documents and the 1988 and 1991 Science Advisory Board letters of advice useful
background information. When the Agency makes a decision about weight-of-evidence, the
CRAVE-IRIS verification will be completed and the information put on IRIS.
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Attachment 8

(97-013b / 06-20-97)

Risk Assessment Issue Paper for:
Derivation of Provisional RfC for Tetrachloroethylene (CASRN 127-18-4)

INTRODUCTION

An RfC for tetrachloroethylene is not available on IRIS (U.S. EPA, 1997) or HEAST
(U.S. EPA, 1995a), and has not been discussed by the RtD/RfC Work Group (U.S. EPA, 1995b).

An RfDaof 1E-2 mg/kg-day for tetrachloroethylene is listed on IRIS (U.S. EPA, 1997). This
RfD is based on NOAEL for hepatotoxicity in mice and weight gain in rats. ACGIH (1996) has
established a TWA-TLV of 25 ppm and a STElJCeiling limit of 100 ppm for
tetrachloroethylene; this chemical was classified as an animal carcinogen by ACGIH. OSHA
(1989) determined that tetrachloroethylene is a potential human carcinogen and established 
PEL of 25 ppm.

Documents listed in the CARA database (U.S. EPA, 1991, 1994a) include a HEA (U.S.
EPA, 1988a) and HADs (U.S. EPA, 1982, 1983, 1985b, 1986). In addition, ATSDR 
prepared a toxicological profile on tetrachloroethylene (ATSDR, 1995). In this document,
ATSDR derived an acute inhalation MRL of 0.2 ppm and a chronic inhalation MRL of 0.04 ppm.
The acute MRL was~based on a NOAEL and LOAEL of 10 and 50 ppm, respectively, for

increased latency of visual-evoked potentials in humans exposed to tetrachloroethylene 4
hours/day for 4 days (Altmann et al., 1990). The chronic MRL was based on a LOAEL of 
ppm for increased reaction time in workers (Ferroni et al., 1992).

To identify research reports pertinent to the derivation of a provisional RfC for
tetrachloroethylene, U.S. EPA and ATSDR documents (as cited above) were reviewed. 
addition, a literature search was conducted in 1993 and updated in June 1997 and included
TOXLINE (1985-June 1997), MEDLINE (1985-1993), DART (1985- June, 1997), 
HSDB, ETIC (1985-1993), and TSCATS.

REVIEW OF PERTINENT LITERATURE

Human Studies

Tetrachloroethylene is widely used for dry cleaning fabrics and for metal-degreasing
operations (ATSDR, 1995). Various symptoms have been reported by individuals exposed
acutely to tetrachloroethylene vapors, including irritation of mucosa (eyes, upper respiratory
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tract), gastrointestinal distress, alteration of liver and kidney function parameters, and central
nervous system (CNS) effects (fatigue, dizziness, weakness, headache, memory loss, behavioral
changes, EEG disturbances) (Carpenter, 1937; Freed and Kandel, 1988; Hake and Stewart, 1977;
Rowe et al., 1952; Coler and Rossmiller, 1953; Stewart et al., 1970). Acute exposures to high
concentrations of tetrachloroethylene also resulted in anesthesia (ATSDR, 1995).

Following prolonged exposures, the brain, liver, and kidney have been reported as the
major target organs in humans. This is based on the results of a number of occupational studies
on workers in the dry cleaning industry. A common limitation of these studies is inadequate
monitoring data; in particular, only current levels were measured. Decreases in occupational
standards, as well as technological improvements in local exhaust ventilation and equipment
have resulted in decreases in exposure concentrations.

Brodkin et al. (1995) investigated the hepatotoxicity of tetrachloroethylene in a group 
29 dry cleaning workers (17 males and 12 females). A group of 29 laundry workers (14 males
and 15 females) served as controls; none of the laundry workers reported exposure to
tetrachloroethylene or other solvents. Mean age (dry cleaning workers were 46 years of age
versus 38 years of age for the laundry workers), and duration of employment (20 years versus 
years) were the only two demographic characteristics that were significantly different between
the two groups. Current tetrachloroethylene levels were assessed with personal monitoring
devices worn by 19 dry cleaning workers during one full work shift within 8 weeks of the clinical
chemistry and ultrasound determinations. The mean 8-hour TWA concentration of
tetrachloroethylene was 15.8 ppm (107 mg/m3; range of 0.4 to 83 ppm). Subjects with active
hepatitis were excluded from some analyses of hepatotoxicity; the incidence of active hepatitis
was similar for both groups. Although the prevalence of workers with abnormal serum alanine
aminotransferase, aspartate aminotransferase, and y-glutamyltransferase was higher in the dry
cleamng workers, the difference was not statistically significant. Additionally, there were no
differences in the mean levels of these serum enzymes, or total and direct bilirubin, alkaline
phosphatase, or glucose levels. The prevalence of mild or moderate-to-severe hepatic alterations,
as detected by ultrasonography, was significantly higher in the dry cleaning workers (18/27,
67%) than in the laundry workers (10/26, 38%). The largest difference between the two groups
was in the number of workers with mild hepatic parenchymal changes (13/27 dry cleaning
workers versus 4/26 laundry workers); the prevalence of moderate-to-severe changes was similar
between the two groups (5/27 versus 6/26). The investigators suggested that the observed
sonographic changes may be indicative of steatosis. Significant exposure-response trends were
observed when the workers were dichotomized relative to measures of either subacute (low
exposure: workers using dry-to-dry equipment installed in the last 3 years, high exposure:
workers using wet transfer equipment or dry-to-dry equipment that was installed >3 years ago),
current [low exposure: workers with current 8-hour TWA concentration of < 15 ppm (I 
workers), high exposure: > 15 ppm (5 workers)], or cumulative [estimated by multiplying
duration of employment by the number of years spent in wet transfer (higher potential exposure
to tetrachloroethylene, weighting factor of 1.0) or in dry operations (weighting factor of 0.5); 
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exposure: workers with <10 years employment, high exposure: >10 years] exposure. Overall
exposure to tetrachloroethylene was associated with an increased risk of hepatic parenchymal
changes (odds ratio of 3.2, 95% confidence interval of 1.04-9.8). Statistically significant odds
ratios were also found in high exposure workers when subacute exposure (4.2, 95% confidence
interval of 1.1-15.3), or cumulative exposure (4.0, 1.0-16.3) parameters were used 
dichotomize the dry cleaning workers. When the odds ratios were adjusted for age, alcohol
consumption, body mass index, sex, and serological evidence of active or previous hepatitis, they
were no longer statistically significant. The results of this study suggest that exposure to
relatively low concentrations of tetrachloroethylene is associated with mild parenchymal changes
in the liver, without changes in serum biomarkers of liver function.

Lauwerys et al. (1983) studied workers (2 male, 24 females; average age of 32.9 years)
employed in 6 dry cleaning shops in Belgium. The TWA exposure to tetrachloroethylene was
20.8 ppm (141 mg/m3; range of 8.9-37.5 ppm) with a mean exposure duration of 6.4 years (0.1-

25 years). Tetrachloroethylene levels were measured in exhaled breath and blood before work
and 30 minutes after work; the levels were 1.9 ppm (0.1-5.5 ppm) and 5.1 ppm (0.2-10 ppm) 
exhaled breath, respectively, and 0.4 mg/L (0.1-0.8 mg/L) and 1.2 mg/L (0.4-3.1 mg/L) for blood.
A group of 33 individuals (2 males, 31 females) working in a chocolate factory or occupational
health service without a history of occupational exposure to organic solvents represented the
control group and was matched with the exposed group for gender, age, and educational level.
Although no significant differences were found in subjective symptoms of nervous system
disease, the exposed group had a higher prevalence of most symptoms, in particular memory loss
(7/26 vs. 3/33 in controls) and difficulty in falling asleep (11/26 vs. 6/33 in controls).
Psychomotor performance tests were conducted before work and after work. For the critical
flicker fusion and simple reaction time tests, the performance of the exposed group was better
(p<0.05) than that of the control group. No significant alterations in the 9-choice visual reaction
time or sustained attention tests were observed. The levels of urine albumin, 132-microglobulin,
and retinol binding protein and serum 132-microglobulin, aspartate aminotransferase, 7-
glutamyltransferase, and creatine kinase were not statistically different. Thus, this study found
no significant alterations in serum and urine biomarkers of liver and kidney disease, but did find
alterations in some tests of neurobehavioral performance in dry cleaning workers with current
exposure levels of approximately 21 ppm.

Mutti et al. (1992) assessed renal function in 9 men and 41 women (average age of 
years) exposed to tetrachloroethylene in dry cleaning shops for an average of I0 years. The
median concentration of tetrachloroethylene measured in 4-hour air samples was 14.8 ppm (100
mg/m3; ranging from trace amounts to 85 ppm); the air samples were randomly collected via
personal passive samplers over a working week. Blood tetrachloroethylene levels (blood
samples were collected during the working day) ranged from 9-900 l.tg/L (median of 143 p.g/L).
The controls consisted of 50 blood donors matched by age, gender, tobacco, alcohol, and drug
consumption with the exposed workers. A number of serum and urine biomarkers of renal
toxicity were measured in both groups. Urinary albumin, transferrin, brush-border antigens
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BBA, BB50, and HF5, tissue non-specific alkaline phosphatase, and fibronectin, as well as serum
anti-glomerular basement membrane antibodies and laminin fragments, were signific~tly
increased in the exposed group compared to controls. Furthermore, the frequencies of abnormal
values for urinary albumin, retinot binding protein, 132-microglobulin, transferrin, IgG, Tamm-
Horsfall glycoprotein, glycosaminoglycans, and antigens BBA and HF5 and serum laminin
fragments were significantly greater in the exposed group compared to controls. The
investigators noted that these changes in renal biomarkers were suggestive of diffuse structural
and functional changes resulting from generalized membrane disturbances within the kidney. In
addition, 13/50 dry cleaning workers had 3 or more biomarker abnormalities compared to 3/50
controls. For the most part, tetrachloroethylene exposure duration or blood tetrachloroethylene
levels did not correlate with biomarker concentrations. The significance of the changes in renal
toxicity biomarkers cannot be readily assessed. Although the results indicate that there is a
higher incidence of positive biomarkers for kidney disease in dry cleaning workers, the adversity
of the changes and the relationship between the magnitude of changes and exposure to
tetrachloroethylene is not known.

Vyskocil et al. (1990) examined the effect of tetrachloroethylene exposure on kidney
function in 16 female workers (average age of 42 years) employed at one of five dry cleaning
shops for an average of 9 years (1-18 years). Air tetrachloroethylene levels were measured 
day/week (on third or fourth day of week) for 1 year using personal monitoring devices; the mean
concentration was 157 mg/m3 (23 ppm, range of 9-799 mg/m3). In three of the dry cleaning
shops, 20-80% of the individual values were greater than 250 mg/m3 (37 ppm). A control group
of 13 women with administrative jobs and no known exposure to organic solvent was used; the
groups were matched£or age, employment duration, smoking habit, and alcohol and analgesic
consumption. Urinary biomarkers of kidney function were measured in urine samples collected
at the end of the working day. Lysozyme levels in the urine were significantly increased (p<0.05)
in the exposed workers compared to controls, but urinary excretion of albumin, 132-microglobulin,
lactate dehydrogenase, or total protein was not affected. The prevalences of abnormal values for
the urinary parameters were not statistically different between the groups, and no significant
correlations between tetrachloroethylene exposure concentration and the biomarker concentration
were found. The investigators concluded that it was difficult to interpret the effect (lysozymuria)
as a result of tetrachloroethylene-induced tubular damage because the other sensitive markers of
tubular dysfunction were normal.

In a cross-sectional study by Franchini et al. (1983), 57 workers (mostly females; average
age of 43 years) employed in dry cleaning shops for an average of 13.9 years were examined for
possible kidney damage. Air sampling data were not available; however, the investigators
estimated that the workers were exposed to a TWA concentration of 10 ppm tetrachloroethylene
(68 mg/m3) based on the mean concentration of trichloroacetic acid excreted in urine (7.8 mg/g

creatinine). There were two control groups (80 and 81 unexposed individuals) that were 
matched (by age or gender) to the exposed group. Significantly altered renal function parameters
(increased 13-glucuronidase and lysozymuria) were reported. The investigators noted that these
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alterations were suggestive of mild renal tubule damage. No alterations in the other kidney
disease biomarkers (total protein or albumin excretion) were observed.

Cai et al. (1991) evaluated’subjective symptoms, hematology, and serum biomarkers 
liver and kidney effects in 56 tetrachloroethylene-exposed workers (29 men, 27 women; average
age of 35 years) from 3 dry cleaning shops who were employed for an average of 36.3 months
(1-120 months). The geometric mean exposure concentration was 19.9 ppm tetrachloroethylene
(134 mg/m3; range of 3.8-94.4 ppm). The control group consisted of 69 workers (32 men, 
women) with no solvent exposures. The subjects were interviewed regarding symptoms that
occurred during work and symptoms that occurred in the past 3-month period. The exposed

workers reported significant increases in the prevalence of subjective symptoms at work,
including nasal irritation (28.6 vs. 7.2%), dizziness (44.6 vs. 11.6%), floating sensation (23.2 
5.8%), drunken feeling (17.9 vs. 0%), and heavy feeling in head (19.6 vs. 1.4%). Significant
increases in a number of subjective symptoms occurring during the last 3 months were also
observed; these included heavy feeling in head, drunken feeling, forgetfulness, fainting after
rapidly standing up, rough skin, joint pain, and frequent cough. The subjects were also examined
for alterations in hematology (hemoglobin, white cell count) and liver and kidney function
indicators (alanine aminotransferase, aspartate aminotransferase, 7-glutamyltransferase, alkaline
phosphatase, LAP, total bilirubin, BUN, and creatinine), but no differences were found between
the control and exposed groups.

Ferroni et al. (1992) performed neurobehavloral tests on 60 female dry cleaning shop
workers (average age of 39.7 years) exposed to tetrachloroethylene for 10.1 years. The median
exposure concentration was 15 ppm (102 mg/m3; range of 1--67 ppm); air samples were collected
during various 4-hour periods over a working week, and tetrachloroethylene blood levels (blood
samples evenly collected during the day) ranged from 12-86 mg/L (median of 145 mg/L). 
control group of 30 women, recruited in an industrial cleaning plant where solvents were never
used, was matched to the exposedkgroup for age, gender, and vocabulary test score. The study
demonstrated that the reaction times (assessed using simple reaction time, shape comparison, and
finger tapping tests) were prolonged in the exposed group compared to the controls. Also, the
exposed workers exhibited significantly higher basal levels of serum prolactin compared to their
matched controls during the proliferative phase of the menstrual cycle, suggesting that
tetrachloroethylene may cause netiroendocrine effects. The investigators reported that there was
a lack of correlation between the neurobehavioral performance test scores and the exposure
concentrations or the duration of exposure, and no correlation was seen between the increased
prolactin levels and the exposure variables.

Echeverria et al. (1995) examined the effect of tetrachloroethylene on neurobehavioral
performance in 65 workers employed at 23 dry cleaning shops. Based on job titles, the workers
were divided into 3 groups: low, moderate, and high exposure. In 19 of the shops,
tetrachloroethylene exposure concentrations were measured in single 15-minute air samples
collected in the breathing zone of a clerk, pressor, and operator. Tetrachloroethylene was also
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measured in breath samples from each worker. In the shops which used a wet-transfer method,
the mean tetrachloroethylene levels measured in the air samples were 0.61, 12.1, and 41.8 ppm
(4.1, 82.1,283.5 mg/m3) for the low, moderate, and high exposure groups. Based on the low
levels of tetrachloroethylene measured in the air samples of shops using a dry-to-dry transfer
method, all of the workers at these shops were placed in the low-exposure group (actual mean
concentrations were 0.0, 4.3, and 11.4 ppm). Cumulative exposure was estimated by multiplying
the exposure concentration associated with each job title by the duration of employment. Breath
sample collection, administration of neurobehavioral performance tests, and completion of a
medical, symptom, work history, and hobby questionnaire were performed in the afternoon after
work. Regression analysis of performance scores in the visual reproduction, pattern memory,
and pattern recognition tests revealed significant concentration-response relationships. After
adjustment for potential confounding influence of age, education, vocabulary, and alcohol
consumption, statistically significant associations between cumulative exposure and performance
on the visual reproduction, pattern memory, and pattern recognition tests were found. The
differences between the test scores in the low-exposure group and those in the high-exposure
group were 14.4, 6.7-10.0, and 3.9% for the visual reproductions, pattern memory, and pattern
recognition tests, respectively. Performance on the trailmaking, symbol-digit matching, and digit
span tests was not affected by tetrachloroethylene exposure. No association between current
exposure levels and neurobehavioral performance was found. Dizziness from rapidly standing
up and "solvent-related dizziness" were the only subjective symptoms that increased with
tetrachloroethylene exposure. Although the incidence of dizziness increased with increasing
exposure levels, the magnitude of the increase was small. The results of these studies suggest
that chronic exposure to low levels of tetrachloroethylene can result in subclinical impairment in
short-term memory for visually-mediated functions.

Seeber (1989) conducted a battery of psychological tests and questionnaires on 101 dry
cleaning workers exposed to a TWA tetrachloroethylene concentration of 83.4 mg/m3 (12.3 ppm;
7 males, 50 females; average exposure duration of 141.2 months) or 363.8 mg/m3 (53.6 ppm; 
males, 39 females; average exposure duration of 127.1 months). The control group consisted of
84 (20 males, 64 females) department store sales personnel and hotel receptionists presumably
with no exposure to tetrachloroethylene. Differences in age, gender, intellectual level, and daily
alcohol consumption between the groups were controlled during the statistical analyses.
Significant alterations in tests of perceptual function, attention, and intellectual function were
found in the two exposure groups as compared to controls. However, no significant differences
were seen in the psychological tests between the two exposure groups, indicating a lack of a
concentration-response trend. The study did not attempt to correlate the measured parameters
with individual exposure concentrations.

Several investigators have attempted to evaluate the effects of tetrachloroethylene
exposure on reproductive outcomes in humans. The results of these studies suggest potential
reproductive effects; however, they were limited due to insufficient exposure data.
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Eskenazi et al. (1991 a) determined the effects of tetrachloroethylene exposure on semen
quality. In a comparison of 34 dry cleaning workers with 48 laundry workers, the overall
percentage of abnormal sperm was similar for the two groups and was, by standard clinical
measurements, within normal limits. However, the sperm of dry cleaning workers was
significantly more likely to be round and less likely to be narrow than the sperm of laundry
workers; these effects correlated with expired air levels in the workers. Although the percentage
of motile sperm did not differ between the groups, the sperm of dry cleaning workers tended to
swim with greater amplitude of lateral head displacement (p<0.09); the level 
tetrachloroethylene in expired air was a significant predictor of this effect.

In another study, Eskenazi et al. (1991b) examined reproductive outcomes of 17 wives 
dry cleaning workers and 32 wives of laundry workers. A number of the wives (21.4% for dry
cleaning group and 34.6% of the laundry group) also worked in the dry cleaning or laundry
industry; the authors did not report whether these women were also exposed to
tetrachloroethylene. The number of pregnancies and live births and the rates of spontaneous
abortion were similar for the wives of dry cleaning workers as compared to the laundry workers’
wives during a 2-year period. However, the wives of the dry cleaning workers were more than
twice as likely to have a history of attempting to become pregnant for more than 12 months or to
having sought care for an infertility problem (41.2% in the dry cleaning workers’ wives versus
21.9% in laundry worker’s wives); although the differences were not statistically significant
(estimated rate ratio of 0.54, 95% confidence interval of 0.23-1.27). Hispanic ethnicity and
smoking were the only variables that were significant predictors of increased length of time to
conception. The dry cleaners had a lower percentage of Hispanic wives (64.3% versus 92.3%)
and smokers (0% versus 23.1%) than in the laundry worker group. The authors noted that higher
fertility rates are observed in Hispanic women, as compared to Black or Caucasian women, and
that smoking may reduce fertility. Based on the study results, the lack of data for
tetrachloroethylene exposure in the wives and the poor matching of the groups in terms of
ethnicity and smoking preclude making definitive conclusions.

In a case control study, Kyyr~Jnen et al. (1989) determined the effects 
tetrachloroethylene exposure on the risk of spontaneous abortions and congenital malformations
in female dry cleaning and laundry workers in Finland. Potential cases of women working in the
dry cleaning and laundry industry during the first trimester of pregnancy were identified by
linking several employment and medical registries. The 108 dry cleaning workers (39 cases of
spontaneous abortion and 69 controls) were dichotomized based on exposure to
tetrachloroethylene. High exposure was defined as work tasks which included dry cleaning for at
least 1 hour/day on average, or handhng tetrachloroethylene at least once per week (9 cases and 
controls). Low exposure was defined as work tasks which included pressing, spot removing, or
handling tetrachloroethylene less than once a week at a dry cleaning shop (8 cases and 23
controls). Apparently, the rest of the dry cleaning workers were not exposed to
tetrachloroethylene or the exposure was not known. An increased odds ratio for spontaneous
abortions was observed in workers with high exposure to tetrachloroethylene (odds ratio of 3.6,
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95% confidence interval of 1.3-11.2, p<0.05). Use of multivariate analysis to adjust for
frequency of alcohol consumption, heavy lifting and frequent use of solvents other than
tetrachloroethylene, resulted in an adjusted odds ratio of 3.4 (95% confidence interval of 1.0-
11.2, p<0.05) in the workers with high tetrachloroethylene exposure. Low exposure to
tetrachloroethylene was not a significant risk factor for spontaneous abortion (odds ratio of 0.7).
The occurrence of congenital malformations was examined in 26 women working in the dry
cleaning industry (4 cases and 22 controls). No significant association between either high 
cases and 1 control) or low (2 cases and 8 controls) exposure to tetrachloroethylene and increased
risk of congenital malformations was found (odds ratio of 0.8, 95% confidence interval of 0.2-
3.5). The authors did not discuss the comparison group used to calculate the odds ratios for
spontaneous abortion or congenital malformations. Although there was a large number of cases
and controls for the spontaneous abortion study, the number of cases and controls working in the
dry cleaning industry with either high or low exposure to tetrachloroethylene was relatively
small. Additionally, the number of cases and controls with tetrachloroethylene exposure for the
congenital malformations study was inadequate. The small number of cases and controls limits
the interpretation of these studies.

Sallmrn et al. (1995) examined the relationship between time-to-pregnancy and exposure
to tetrachloroethylene and other organic solvents. Time-to-pregnancy was assessed by asking the
subject, via questionnaires, the number of menstrual cycles required to become pregnant. The
workers were divided into two groups based on low (tetrachloroethylene handled less than once 
week or 1-4 times per week with air concentration measurements to indicate low exposure) or
high (handled tetrachloroethylene dally or I-4 times per week with measurements to indicate
high exposure) exposure to tetrachloroethylene. The incidence density ratio (0.44, 95%
confidence interval of 0.22-0.86; adjusted for recent use of IUD/spermicides and age of
menarche) was statistically lower in 11 female dry cleaning workers with low or high exposure to
tetrachloroethylene as compared to non-exposed referents (sample size not reported). When the
time-to-pregnancy in workers with high exposure (6 workers) was compared to the non-exposed
referents, the adjusted incidence density ratio was not statistically significant (0.57, 0.24-1.34).

In a cohort study by Olsen et al. (1990), reproductive outcomes were evaluated in women
employed in the dry cleaning industry in Sweden, Denmark, and Finland during the first trimester
of pregnancy. Among Finnish workers with high exposure to tetrachloroethylene (women
involved in dry cleaning or spot removal at least 1 hour/day), a significant increase in the risk of
spontaneous abortions was found (relative risk of 4.53, 95% confidence interval of 1.11-18.5);
the risk in women with low exposure to tetrachloroethylene was not significantly different from
women with no exposure to tetrachloroethylene (relative risk of 1.18, 95% confidence interval of
0.71-1.97). The risk of spontaneous abortion was not increased in Swedish or Danish workers.
The risk of congenital malformations was not significantly elevated in the workers exposed to
tetrachloroethylene. Additionally, when all types of reproductive effects (i.e., spontaneous
abortions, malformations, stillbirths, and low birth weights) were assessed, no significant
increases in relative risk were observed in the Swedish, Danish, or Finnish cohorts.
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Animal Studies

In a chronic study conducted by NTP (1986), groups of 50 male and 50 female Fischer
344 rats were exposed to 0, 200, 6r 400 ppm (0, 1357, and 2713 mg/m3) tetrachloroethylene 6

hours/day, 5 days/week for 103 weeks. Daily observations, survival, body weight measurements,
necropsy and histopathological examination of major tissues and organs (including the nasal
cavity, trachea, bronchi, and lungs) were used to assess toxicity. No unusual behaviors or
alterations in body weight gain were observed in the tetrachloroethylene-exposed rats. A
significant decrease in survival was observed in the males exposed to 400 ppm (38 deaths versus
27 in the controls and 30 in the 200 ppm group); survival was not affected in the females. The
authors concluded that the increased mortality observed in the male rats during the latter portion
of the study was due to the increased incidence of mononuclear cell leukemia. Statistically
significant increases (P<0.05) in the incidence of several types of neoplasms, including
mononuclear cell leukemia, renal tubular adenoma or adenocarcinoma (incidence was not
statistically higher than controls, but this type of tumor is rarely observed and was considered
toxicologically significant), interstitial cell tumors in the testes, and adenomas and carcinomas of
the preputial gland were observed in the tetrachloroethylene-exposed rats. Non-neoplastic
alterations were observed in the nasal cavity, kidney, adrenal gland, and forestomach; the
incidences of these lesions are presented in Table 1. A significant increase in thrombosis in the
nasal cavity was observed in male rats exposed to 400 ppm and female rats exposed to 200 or
400 ppm (9/50, 11/50, 19/50 in the 0, 200, and 400 ppm males and 3/50, 10.50, and 7/50,
respectively, for the females). However, the investigators noted that the increased incidence of
thrombosis was probably secondary to the mononuclear cell leukemia. Thus, this study identifies
a LOAEL of 200 ppm (6 hours/day, 5 days/week) for squamous metaplasia in the nasal cavity,
renal tubule cell karyomegaly, and adrenal medullary hyperplasia in rats exposed to
tetrachloroethylene for 2 years; a NOAEL was not identified in this study.

Table 1. Incidence of non-neoplastic lesions in rats exposed to 200 or 400 ppm
tetrachloroethylene 6 hours/day, 5 days/week for 2 years (NTP, 1986).

Male rats Female rats
Effect

control 200 400 controls 200 400 ppm
ppm ppm ppm

squamous metaplasia in O/50 5/50* 5/50* 2/50 4/50 2/50
nasal cavity

renal tubule cell 1/49 37/49* 47/50* 0/50 8/49* 20/50*
karyomegaly

renal tubular cell 0/49 3/49 5/50* 0/50 0/49 1/50
hyperplasia
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~j~enal medullary 9/50 11/50" 19/50" 7150 3/49 4/47

erplasia

adrenal cortical 11/49 5/49 7/49 4/50 6/49 11/47’

hyperplasia

forestomach ulcers 0/48 1/49 5/49* 3/49 4/49 0/48

*incidence statistically different from controls (p<0.05)

NTP (1986) also exposed groups of B6C3F1 mice (50/sex/group) to 0, 100, or 200 
(0, 678, and 1357 mg/ms) tetrachloroethylene 6 hours/day, 5 days/week for 103 weeks.
Statistically significant decreases in survival were observed in the male mice exposed to 100
(25/50) or 200 (32/50) ppm, as compared to controls (46/50), and in the female mice exposed 
200 ppm (36/50, 31/50, 17/50 in the 0, 100, and 200 ppm groups, respectively). The authors
attributed the increased mortality to the high incidence of hepatocellular neoplasms. Body
weights were comparable among the groups. Statistically significant increases in the incidence
of hepatocellular adenomas in males and hepatocellular carcinomas in males and females were
observed. Tetrachloroethylene exposure resulted in significant increases in the incidence of renal
tubular karyomegaly, renal casts, hepatic degeneration (characterized by cytoplasmic vacuolation,
hepatocellular necrosis, inflammatory cell infiltrates, increased pigmentation in cells, oval cell
hyperplasia, and regenerative foci), hepatic necrosis, hepatic nuclear inclusion, and acute passive
congestion in the lungs; the incidence data are presented in Table 2. This study identifies a
LOAEL of 100 ppm,~6 hours/day, 5 days/week) based on renal (karyomegaly and nephrosis),
hepatic (degeneration, necrosis, and nuclear inclusions), and lung (congestion) effects 
chronically exposed mice; a NOAEL was not identified.

Table 2. Incidence of non-neoplastic lesions in mice exposed to 100 or 200 ppm
tetrachloroethylene 6 hours/day, 5 days/week for 2 years (NTP, 1986)

Male mice Female mice
Effect

control 100 200 control 100 200 ppm
ppm ppm ppm

renal tubule cell 4/49 17/49" 46/50* 0/48 16/49" 38/50*
karyomegaly

nephrosis 22149 24/49 28/49 5/48 14/49’ 25/50*

hepatic degeneration 2/49 8/49* 14/50" 1/49 2/50 13/50"

hepatic necrosis 1/49 6/49* 15/50* 3/48 5/5O 9/50*
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hepatic nuclear 2/49 5)49* 9/50* incidence not reported
inclusions

acute passive congestion 1/49 8/49* 10/50" 1/48 5/5O 6/50
in lungs

*incidence significantly different from controls (p<0.05)

In a subchronic study by NTP (1986), Fischer 344 rats (10/sex/group) inhaled 0, 100, 
400, 800, and 1600 ppm (0, 678, 1356, 2713, 5426, and 10851 mg/m3) tetrachloroethylene

6 hours/day, 5 days/week for 13 weeks. Death occurred in 40% of the males and 70% of the
females in the 1600 ppm group (no deaths were observed in the other groups). Final mean body
weights were 20% lower in the 1600 ppm males than in controls and 11% lower for females. A
concentration-related increase in the incidence of hepatic congestion was exhibited in the rats.
This effect was observed in the control rats (males: 1110, 2/10, 3110, 5/10, 7/10; females: 0/9,
1/10, 5/10, 5/10, 819). It was also evident in the 200, 400, 800, and 1600 ppm
tetrachloroethylene exposed male and female populations. The 100 ppm exposed male and
female groups were not examined for this effect¯ The degree of severity was also reported to be
concentrated-related. Lung congestion developed in 14 of the 20 male and female rats exposed
to 1600 ppm, but was not observed in any of the rats in the 800 ppm exposed group or in the
controls. A NOAEL of 200 ppm and a LOAEL of 400 ppm based on the hepatic effect was
determined in rats exposed to tetrachloroethylene 6 hours/day, 5 days/week for 13 weeks.

NTP (1986) 5.1so exposed B6C3F1 mice (10/sex/group) to the same concentrations 
subchronic duration as the rats. Two males and 4 females in the 1600 ppm group died during the
study; deaths were not observed in the other groups. Clinical signs in the exposed mice included
a hunched appearance and lack of movement at 400 ppm, panting and irritation at 800 ppm, and

¯ Iincoordination and unconsciousness at 1600 ppm. Liver lesions (leukocytic infiltration,
[.

centrilobular necrosis, and bile staslS) developed in mice exposed to >400 ppm (males: 0/10,
0/10, 8/10, 10/10, 10/10 in the 0, 2’00, 400, 800, and 1600 ppm exposed groups; females: 0/10,
3/10, 5/10, 5/10, 1/10, in similarly’exposed groups; livers were not examined in animals exposed
to 100 ppm). The severity of the lesions increased with exposure concentration reaching mild
severity at 1600 ppm. Mitotic alterations were also observed in the liver of male mice, although
the incidence did not appear to be concentration-related. Karyomegaly of renal tubular epithelial
cells was seen in mice exposed to 200 ppm or higher (males: 0/10, 0/I0, 6/10, 10/10, 10/10, 7/7
in the 0, 100, 200, 400, 800, and 1600 ppm exposed groups respectively; females: 0/10, 0/10,
8/10, 10/10, and 6/7, exposed in similar groups respectively). The NOAEL is 100 ppm and the
LOAEL is 200 ppm based on increased incidences of renal tubular cell karyomegaly in mice
exposed to tetrachloroethylene 6 hours/day, 5 days/week for 13 weeks.

Kylin et al. (1965) reported on female mice (strain not identified) (20/group) inhaling 
ppm (1356 mg/m3) tetrachloroethylene vapor 4 hours/day, 6 days/week for 1,2, 4 or 8 weeks.
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Only the liver and kidneys were examined. Compared to the controls, an increased incidence of
fatty degeneration in the liver was observed in exposed animals, with greater severity at the
longer exposure periods. A two-fold increase in liver fat was also reported in the exposed group.
Kidney histopathology revealed no differences between the control and exposed groups. The
LOAEL for the study was 200 ppm (4 hours/day, 6 days/week) based on hepatic effects in female
mice exposed to 1-8 weeks.

Odum et al. (1988) exposed groups of Fischer 344 rats and B6C3F1 mice
(5/sex/species/group) to 0, 200, or 400 ppm (1356 and 2713 mg/m3) tetrachloroethylene 6

hours/day for 14, 21, or 28 consecutive days. Small, but statistically significant increases in
relative liver weights were observed in the male and female mice exposed to 400 ppm; no effects
on liver weights were observed in the mice exposed to 200 ppm or in exposed rats. Hepatic
cyanide-insensitive palmitoyl CoA oxidase activity (marker for peroxisoma113-oxidation) was
significantly increased in male and female rats and mice exposed to 200 ppm for 28 days and in
male and female rats and mice exposed to 400 ppm for 14, 21, or 28 days (increase not
significant in male rats exposed for 28 days). The magnitude of the increased activity was
greater in the mice as compared to the rats. Palmitoyl CoA oxidase activity was also
significantly increased in the kidneys of rats exposed to 200 ppm for 28 days and in female rats
exposed to 400 ppm for 14-28 days. Hepatic peroxisomal catalase levels were significantly
increased in male mice exposed to 400 ppm for 21 or 28 days although the increases was slight;
no alterations were observed in the female mice or in the male or female rats. In the rats,
centrilobular hepatocellular hypertrophy (consisting of proliferation of smooth endoplasmic
reticulum) with a concomitant loss of glycogen was observed in the males of both exposed
groups and the females of the 400 ppm group. In the mice, lipid accumulation in centrilobular
hepatocytes was observed in the 200 and 400 ppm groups, as well as centrilobular eosinophilia
and centrilobular fatty vacuolation in the 400 ppm group; the effects were similar in males and
females. A significant increase in the volume of cytoplasm with peroxisomes was seen in the
hepatocytes of both exposed groups of mice. The 200 ppm concentration is a LOAEL for rats
and mice exposed to tetrachloroethylene 6 hours/day, 5 days/week for 14-28 days for hepatic
effects.

In an older study by Carpenter (I 937), male and female rats (24/group) (strain 
specified) were exposed to 70, 230, or 470 ppm (475, 1560, or 3188 mg/m3) tetrachloroethylene
8 hours/day, 5 days/week for 7 months. The control group consisted of 18 unexposed rats.
Weight gain did not appear to be affected by tetrachloroethylene exposure, and no alterations in
total or differential leukocyte levels, blood levels of glucose, calcium, bilirubin, or icteric index,
or levels of total nitrogen, sulfate, bilirubin, or albumin in the urine were observed.
Histopathological examinations of the liver, kidney, spleen, adrenal, heart, retina, and optic and
sciatic nerves were performed immediately after exposure to 70 ppm, 20 days after termination of
exposure to 230 ppm, and 46 days after termination of exposure to 470 ppm; it is unclear whether
some animals in the 230 and 470 ppm groups were also examined immediately after exposure
termination. Incidence data were not presented. Decreased glycogen storage was observed in the
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rats exposed to 230 ppm; at 470 ppm congestion and cloudy swelling of the liver were observed.
The authors reported congested ki~lneys with granular swelling at 230 ppm. At 470 ppm, an
increase in secretion, cloudy swelling, and desquamation in the kidneys were reported in rats.
Splenic congestion and increased hemosiderin deposits were also exhibited in the rats exposed to
230 or 470 ppm. A NOAEL of 70 ppm and LOAEL of 230 ppm were determined for the study
based on hepatic, renal, and splenic effects observed in rats exposed for 8 hours/day, 5 days/week
for 7 months.

Several inhalation studies have found biochemical alterations in the brains of rodents.
These alterations suggest that tetrachloroethylene exposure results in damage to the cerebral
cortex, hippocampus, and cerebellum. In Mongolian gerbils continuously exposed to 320 ppm
tetrachloroethylene for 3 months followed by a 4-month recovery period, significant increases in
S-100 protein, indicative of astroglial hypertrophy and/or proliferation, were found in occipital
cerebral cortex, hippocampus, anterior cerebellar hemispheres, and posterior cerebellar vermis
(Rosengren et al., 1986). In contrast, significant decreases in S-100 protein levels, DNA
concentration, and tissue weight were observed in the frontal cerebral cortex, suggesting atrophy
and a loss of glial cells. A decrease in DNA content in the frontal cerebral cortex was also
observed in gerbils similarly exposed to 60 ppm tetrachloroethylene (Rosengren et al., 1986;
Karlsson et al., 1987). Wang et al. (1993) also found significant decreases in S-100 protein, glial
fibrillary acid protein in the frontal cerebral cortex of Sprague-Dawley rats continuously exposed
to 600 ppm for 4-12 weeks. These investigators also found decreased S-100 and glial fibrillary
acid protein levels in the brain stem and hippocampus. Statistically significant alterations fatty

, acid composition of total ethanolamine phosphoglyceride were observed in the cerebral cortex
and hippocampus of Mongolian gerbils continuously exposed to 120 ppm for 12 months
(Kyrklund et al., 1984) or 320 ppm for 3 months (Kyrklund et al., 1987) and in Sprague Dawley
rats continuously exposed to 320 ppm for 30 or 90 days (Kyrklund et al., 1988, 1990). Brain
amino acid levels are also altered following inhalation exposure to tetrachloroethylene.
Significant decreases in the levels of taurine in the hippocampus and the posterior part of the
cerebellar vermis and increases in glutamine levels in the hippocampus were observed in
Mongolian gerbils continuously exposed to 120 ppm for 12 months (Briving et al., 1986).

In a two-generation reproductive toxicity study (Tinston et al., 1995), groups of 24 male
and 24 female Alpk:ApfSD rats were exposed to 0, 100, 300, or 1000 ppm tetrachloroethylene
(0, 678, 2035, or 6780 mg/m3) 6 hours/day, 5 days/week during a pre-mating period (>11 weeks
duration) and 6 hours/day, 7 days/week during mating, gestation, and on post-partum days 6-29
(The F2B and F2c were killed on post-partum day 5). The parental generation (F0) was mated
once to produce the FIA generation and these rats were mated to produce the F2A generation. The
0, 300, and 1000 ppm FIA groups were mated to produce the F2B litters, and FIA males in the 0 or
1000 ppm groups were mated with unexposed females to produce the F2c litters. CNS
depression was observed in all generations during the first 2 weeks of exposure to 1000 ppm.
Salivation, breathing irregularities, piloerection, and tip-toe gait were also observed in the 1000

ppm groups. In the 300 ppm group, there was an increased incidence of piloerection and
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increased breathing rates. In the F0 group exposed to 1000 ppm, resumption of exposure on
postpartum day 6 resulted in sedation and consequent neglect of litters (hypothermia, poor
survival, and decreased growth were observed in the pups); thus, the 1000 ppm F2A group was
not exposed during lactation. Significant decreases in parental body weights were observed at
300 and 1000 ppm; in general, body weights were within 10% of controls. No adverse effects on
gestation length or male or female fertility were observed. In the 1000 ppm F1A, F2A, and FEB
litters, there were significant decreases in the number of live pups and/or litters with live pups,
decreases in pup survival at days 1-5 (not observed in FIg litters) or days 5-22 (FEB litters killed 
day 5), decreases in litter size (F2A and F2B litters only), decreases in pup body weight, 
decreases in litter weights. At 300 ppm, there was a significant decrease in pup body weight in
the F1A litters and sporadic decreases in litter weight in the F2A and F2B litters. The lack of effects
in the F2c pups suggests that the observed effects were maternally mediated. Significant
decreases in absolute and relative liver and kidney weights were observed in the F0 males
exposed to 1000 ppm and decreases in relative liver and kidney weight were observed in FIg
males exposed to 1000 ppm. Absolute testes weights and testes weight adjusted for body
weights were significantly decreased in F1 males exposed to 300 or 1000 ppm. Histopathological
alterations were limited to significant increases in the incidence of minimal chronic progressive
glomerulonephropathy in F0 males exposed to 1000 ppm (8/23, 8/24, 5/23, and 14/24 in the 0,
100, 300, and 1000 ppm exposed groups, respectively) and increased incidences of
pleomorphism in proximal tubular nuclei in F0 males and females exposed to 1000 ppm (not
observed in males and females exposed to 0, 100, or 300 ppm and 24/24 males and 12/22
females exposed to 1000 ppm). This study identified a NOAEL of 100 ppm and LOAEL 300
ppm for reproductive/developmental effects in rats.

Schwetz et al. (1975) exposed groups of 18 pregnant Sprague-Dawley rats and 
pregnant Swiss Webster mice to 300 ppm (2035 mg/m3) tetrachloroethylene 7 hours/day on
gestational days 6-15. Control groups of 30 rats and 30 mice were used. A slight, but
significant, increase in the incidence of resorptions was seen in the rat. There were no increased
incidences of gross or skeletal anomalies in the exposed rat fetuses compared to controls. In
mice, fetal body weights were significantly decreased. Increases in soft tissue alteration
(subcutaneous edema) and skeletal anomalies (delayed ossification of skull bones, unfused
centers of ossification) were seen in litters of exposed mice. A LOAEL of 300 ppm was
determined for development effects in mice (decreased fetal weight; delayed ossification) and
rats (increased fetal resorptions).

In a behavioral developmental study by Nelson et al. (1980), pregnant Sprague-Dawley
rats (19 or 21/group) were exposed to 100 ppm (678 mg/m3) tetrachloroethylene on gestational
days 14-20 or 900 ppm tetrachloroethylene (6104 mg/m3) on gestational days 7-13 or 1 4-20.
Three control groups were also included. Seven behavioral tests were performed on litters at
ages ~1 d6 days to measure various CNS functions at different stages of development. No
neurobehavioral effects were exhibited by the offspring exposed to 100 ppm in utero. A
significant decrease in brain acetylcholine levels was found in 21-day-old offspring exposed to
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900 ppm for either gestational period, as well as a decrease in dopamine levels in offspring

exposed during gestational days 7~-13. In this latter group, there was decreased performance on
tests of neuromuscular ability (ascent on a wire mesh screen and rotorod balancing) on certain

days. Offspring (before weaning) from dams exposed to 900 ppm on days 14-20 performed
poorly on the ascent test on test day 14 only, but later in development, their performance in the
rotorod balancing test was superior to controls, and they were more active in an open-field test.
This study identifies a LOAEL for decreases in neurochemical levels and possibly alterations in
neurobehavioral performance in the offspring of rats exposed to 900 ppm tetrachloroethylene on
gestational days 7-13 or 14-20.

Carpenter (1937) reported that effects on fertility were apparent in rats exposed to 230
and 470 ppm (1560 and 3188 mg/m3) tetrachloroethylene 8 hours/day, 5 days/week for 7 months

(see the previous section for more information on this subchronic study). Therefore, a NOAEL
of 470 ppm for reproductive effects was determined in rats subchronically exposed to
tetrachloroethylene.

Hardin et al. (1981) found no evidence of maternal or fetal toxicity in rats or rabbits
exposed to 500 ppm (3391 mg/m3) tetrachloroethylene on gestational days 1-19 and 1-24,
respectively. The authors provided very little information on the experimental design, it appears
that groups of 30 Sprague-Dawley or Wistar rats and 15-20 New Zealand rabbits were exposed to
two concentrations of tetrachloroethylene for 6 or 7 hours/day. The authors noted that for some
studies (the paper describes developmental effects for a number of chemicals), the rats were
exposed for 3 weeks prior to mating and during gestation.
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DERIVATION OF PROVISIONAL CHRONIC RfC

The toxicity of tetrachloroethylene has been investigated in a number of studies of
workers in the dry cleaning industry. In most of these studies, the current concentrations of
tetrachloroethylene in the breathing zone were relatively low (TWA concentrations <25 ppm);
these concentrations tended to range from very low levels to almost 100 ppm. The large
variation in exposure levels may reflect differences in exposure levels associated with different
jobs (pressers, machine operators) or differences in the type of equipment used (wet transfer 
dry-to-dry transfer). The occupational exposure studies only measured current
tetrachloroethylene concentrations; this may have resulted in an underestimation of actual
exposure because exposure to tetrachloroethylene in the dry cleaning industry has generally
declined with improved technology and reductions in occupational exposure regulations. The
occupational exposure studies primarily focused on subclinical liver and kidney effects,
neurological effects, and fertility. No alterations in liver function biomarkers (serum alanine
aminotransferase, aspartate aminotransferase, ?-glutamyltransferase, and bilirubin) have been
observed in several studies (Brodkin et al., 1995; Cai et al., 1991; Lauwerys et al., 1983).
However, ultrasonographic alterations suggestive of steatosis were observed in dry cleaning
workers in the Brodkin et al. (1995) study. Mutti et al. (1992) found significant alterations 
some serum and urine biomarkers of kidney function which the investigators suggested may be
the result of generalized membrane disturbances in the kidneys. Other studies found alterations
in urine lysozyme levels (Vyskocil et al., 1990; Franchini et al., 1983), but levels of other
biomarkers such as albumin and 132-microglobulin were not altered. Positive evidence of subtle
neurotoxicity (as evidenced by altered performance on neurobehavioral tests and increases in
subjective symptoms of CNS toxicity) has been observed in a number of occupational studies
(Lauwerys et al., 1983; Cai et al., 1991; Ferroni et al., 1992; Echeverria et al., 1995; Seeber,
1989). The results of several occupational exposure studies are suggestive of an association
between tetrachloroethylene exposure and impaired fertility, in particular, increases in the risk of
spontaneous abortions (KyyriSnen et al., 1989; Olsen et al., 1990) and increased time-to-
pregnancy (Eskenazi et al., 1991b; Sallmrn et al., 1995). In conclusion, the results of a number
of occupational exposure studies suggest that exposure to current TWA concentrations of 15-25
ppm (102-170 mg/m3) tetrachloroethylene can result in increases in the incidence of subclinical

alterations in the liver and kidneys, small changes in neurobehavioral performance, increases in
the incidence of some subjective CNS symptoms and possibly decreases in reproductive
performance.

The identification of the liver, kidney, and brain as the primary targets of toxicity is
supported by the results of a number of chronic and subchronic animal studies. In a chronic
study conducted by NTP (I 986) in rats and mice, exposure to the lowest tested concentration
(200 and 100 ppm, respectively) resulted in increases in the incidence of nasal, kidney, and
adrenal gland effects in the rats and liver, kidney, and lung effects in the mice. Subchronic
studies in rats and gerbils have found several biochemical alterations which are suggestive of
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damage to the frontal cerebral cortex, hippocampus, and cerebellum; these effects generally
occur at similar or higher concentrations as the chronic LOAELs. The available animal studies

do not suggest that reproductive/developmental toxicity is a primary target of tetrachloroethylene
toxicity.

The small number of subjects used in some studies, the uncertainty associated with the
adversity of some of the observed effects, and the lack of adequate exposure information
preclude deriving a provisional RfC from the available occupational exposure studies. Thus, the
NTP (1986) animal study was selected as the basis of the provisional RfC. The chronic rat study
identified a LOAEL of 200 ppm (1357 mg/m3, 6 hours/day, 5 days/week) for squamous

metaplasia in the nasal cavity, renal tubule cell karyomegaly, and adrenal medullary hyperplasia.
The LOAEL identified in the chronic mouse study was 100 ppm (678 mg/m3; 6 hours/day, 
days/week) for renal tubule cell karyomegaly, nephrosis, hepatic degeneration and necrosis, and
acute passive congestion in the lungs.

A provisional RfC for tetrachloroethylene can be derived by dividing the critical dose by
an uncertainty factor. Using the traditional approach for calculating an RfC, the critical dose
would be equal to the LOAELm~c for the critical effect. Using the 1990 RfC methodology (U.S.
EPA, 1990), LOAELrmc values for extrarespiratory effects are calculated using the following
equation:

LOAELnec= LOAELaoj x Pb/ g~/ P~c g.

Where: LOAELADj is the duration-adjusted study LOAEL

Pb/g is the blood/gas partition coefficient for animals and humans. Blood/gas
partition coefficients of 10.3, 18.85, and 16.9 were identified for humans, rats, and
mice, respectively (Reitz et al., 1996). Because the ratios of animal to human
blood/gas partition coefficients were greater than 1, a default ratio of 1 was used.

The following equations (U.S. EPA, 1990) was used to calculate LOAEL~mc values for
respiratory effects:

LOAELnEc = LOAELADj x RGDR

RGDR =
(Inhalation rate / Surface Area )A

(Inhalation rate / Surface Area )n
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Where: LOAELADJ is the duration-adjusted study LOAEL.

RGDR is the regional gas dose ratio. The following default valueswere used to
calculate the RGDRs: 20, 0.24, and 0.060 m3/day inhalation rates for humans,

Fischer 344 rats, and B6C3F1 mice, respectively (U.S. EPA, 1988b); 200 and 15.0
cm2 surface areas for the extrathoracic region in humans and rats (U.S. EPA,
1994b); and 54.0 and 0.05 2 surface areas for t he pulmonary region in humans

and mice (U.S. EPA, 1994b).

The LOAELwc values for kidney, adrenal, and nasal lesions in rats exposed to 200 ppm (6
hours/day, 5 days/week) and liver, kidney, and lung effects in mice exposed to 100 ppm (6
hours/day, 5 days/week) are presented in Table 3.

Table 3. Human equivalent concentrations for the LOAELs identified in the rat and mouse
chronic study (NTP, 1986).

Species Effect LOAELADJ LOAEL~c"
(mg/m3) (mg/m3)

rat renal tubular cell karyomegaly 242 242
adrenal hyperplasia

rat squamous metaplasia in nasal cavity 242 39

mouse renal tubular karyomegaly, nephrosis 121 121
hepatic degeneration and necrosis

mouse acute passive lung congestion 121 392

"Calculated using the equations presented in the text

Statistical models can also be used to estimate a benchmark concentration (BMC). With
this approach, the critical dose would be the human equivalent concentration of the BMC. For
each effect with a statistically significant increase in incidence in mice exposed to 100 ppm and
the incidence of nasal lesions in rats, the concentrations associated with 1, 5, and 10% relative
increases in the probability of response were estimated using a 1 degree polynomial model with
"extra risk" (Global86 computer program, Clement Associates, 1986). To calculate RfCs, U.S.
EPA (1997) has used the 95% lower limit on the concentration at extra risk level of 0.1 as the
BMC. This approach is supported by the Faustman et al. (1994) and Allen et al. (1994) studies
which found that, for quantal developmental effects, the 95% lower limit on dose at extra risk
level of 0.1 correlated with the observed NOAELs. The BMC and BMCr~c values for nasal
lesions m male rats, hepatic degeneration in male mice, nephrosis in female mice, renal tubular
cell karyomegaly in male and female mice (combined incidence), and lung congestion in male
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mice are presented in Table 4; additional details of the statistical models are presented in the
Appendix.

Table 4. Benchmark concentrations and human equivalent benchmark concentrations for
LOAELs identified in rats and mice (NTP, 1986)

Species Effect BMCa BMCrmcb

(mg/m3)

rat squamous metaplasia in nasal cavity 186 ppm 30
(1262 mg/m3)

mouse hepatic degeneration 49 ppm 60
(332 mg/m3)

mouse nephrosis 28 ppm 34
( 190 mg/m3)

mouse renal tubular cell karyomegaly 14 ppm 17
(95 mg/m3)

mouse acute passive lung congestion 59 ppm 230
(400 mg/m3)

aDetails of the statistical models are presented in the Appendix
bCalculated using the equations presented in the text

A provisional RfC for tetrachloroethylene can be derived using either method
NOAEL/LOAEL approach or benchmark approach. Using the NOAEL/LOAEL approach, the
LOAEL~c of 121 mg/m3 for rena! and hepatic effects observed in the chronic mouse study
(NTP, 1986) is selected as the critical concentration. Although, the LOAELrmc for squamous
metaplasia in the nasal cavity in male rats is lower (39 mg/m3), it was not selected as the critical
concentration because the incidence was very low (5/50 versus 0/50 in controls) and was not
concentration-related. Dividing the LOAELH~c of 121 mg/m3 for liver and kidney effects in
mice by an uncertainty factor of 300 (10 for use of a LOAEL, 10 for human variability, and 3 for
interspecies extrapolation using dosimetric adjustments) would result in a provisional RfC of 4E-
l mg/m3.

Alternatively, the BMCrmc of 17 mg/m3 for renal tubular cell karyomegaly in chronically
exposed male and female mice (NTP, 1986) could be used to denve a provisional RfC for
tetrachloroethylene. This BMCrmc was selected as the basis of the RfC because it was the lowest
critical concentration for a relevant endpoint and it had the highest chi-square goodness of fit (see
Appendix for details). A provisional chronic RfC of 6E-1 mg/m3 tetrachloroethylene was
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determined based on this BMCnEc of 17 mg/m3 and an uncertainty factor of 30 (10 for human

variability and 3 for interspecies extrapolation using dosimetric adjustments).

Confidence in the principal study (NTP, 1986) is medium-high. The NTP study was
well-conducted using a sufficient number of animals and examining a number of relevant
endpoints, although a NOAEL was not established for the study. Furthermore, the critical effects
identified in the study were supported by several other inhalation studies (including occupational
studies). Confidence in the database is medium. There is a large amount of data on inhalation
exposure to tetrachloroethylene in humans and animals. Chronic human data come from studies
conducted on exposed workers in dry cleaning shops (Brodkin et al., 1995; Cai et al., 1991;
Ferroni et al., 1992; Franchini et al., 1983; Lauwerys et al., 1983; Mutti et al., 1992; Seeber,
1989; Vyskocil et al., 1990; Echeverfia et al., 1995). However, these occupational studies have
several limitations, in particular inadequate monitoring data. Therefore, there is a need for well-
conducted chronic occupational studies to establish the thresholds for CNS, renal, liver, and
reproductive effects in humans. There are numerous animal studies for chronic and subchronic
durations which describe the effects of tetrachloroethylene exposure in rats, mice, and gerbils.
The primary target organs found in these studies were the liver, kidney, and CNS. Hepatic and
renal effects were assessed in rats and mice (Carpenter, 1937; NTP, 1986; Odum et al., 1988) and
neurological changes were evaluated in rats and gerbils (Briving et al., 1986; Karlsson et al.,
1987; Kyrklund et al., 1984, 1987, 1988, 1990; Rosengren et al., 1986; Wang et al., 1993). Also,
several investigators (Eskenazi et al., 1991a, 1991b; Kyyr6nen et al., 1989; Sallm6n et al., 1995;
Olsen et al., 1990) have assessed the effect of tetrachloroethylene on the reproductive outcomes
of exposed dry cleaning workers and/or their wives; however, these studies lack adequate
exposure information. The database contains information on the developmental and reproductive
toxicity of tetrachloroethylene in animals (Carpenter, 1937; Hardin et al., 1981; Nelson et al.,
1980; Schwetz et al., 1975; Tinston et al., 1995); some of these provide evidence that exposure to
tetrachloroethylene can result in reproductive/developmental effects. The overall confidence in
the RfC is medium based on the medium confidence for the database.
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Polynomial model--Incidence of squamous metaplasia in male rats exposed to
tetrachloroethylene for 6 hours/day, 5 days/week for 2 years (NTP, 1986)

Chi-square goodness of fit: 1.2418

MLE estimates of dose coefficients: q0= 0.0, ql= 0.00035

Model form: P(D) = 1-exp(-q0-ql*D)

Maximum value of log-likelihood function: -33.096

Extra Risk MLE Concentration (ppm)

0.1 299.97

0.05 146.04

0.01 28.614

95%LowerLimiton
Concentr~ion (ppm)

185.80

90.453

17.723

Polynomial model--Incidence of nephrosis in female mice exposed to tetrachloroethylene for 6
hours/day, 5 days/week for 2 years (NTP, 1986)

Chi-square goodness of fit: 0.29543

MLE estimates of dose coefficients: q0= 0.1048, ql= 0.002731

Model form: P(D) = 1-exp(-q0-ql*D)

Maximum value of log-likelihood function: -80.161

Extra Risk MLE Concentration(ppm)

0.I 38.586

0.05 18.785

95% Lower Limit on
Concentration (ppm)

27.571

13.422
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0.01 3.681 2.630

Polynomial model--Incidence of renal tubule cell karyomegaly in male and female mice
(combined incidence) exposed to tetrachloroethylene for 6 hours/day, 5 days/week for 2 years
(NTP, 1986)

Chi-square goodness of fit: 0.8739

MLE estimates of dose coefficients: q0= 0.03629, ql= 0.006345

Model form: P(D)= l-exp(-q0-ql*D)

Maximum value of log-likelihood function: -131.388

Extra Risk MLE Concentration (ppm)

0.1 16.604

0.05 8.084

0.01 1.584

95% Lower Limit on
Concentration (ppm)

14.083

6.856

1.343

Polynomial model--Incidence of hepatic degeneration in male mice exposed to
tetrachloroethylene for 6 hours/day, 5 days/week for 2 years (NTP, 1986)

Chi-square goodness of fit: 0.00753

MLE estimates of dose coefficients: q0= 0.04120, ql= 0.001415

Model form: P(D) = 1-exp(-q0-ql*D)

Maximum value of log-likelihood function: -59.8146

Extra Risk

0.I

MLE Concentration (ppm)

74.439

95% Lower Limit on
Concentration (ppm)

49.426
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0.05 36.239 24.062

0.01 7.101 4.715

Polynomial model--Incidence of acute passive lung congestion in male mice exposed to
tetrachloroethylene for 6 hours/day, 5 days/week for 2 years (NTP, 1986)

Chi-square goodness of fit: 0.6704

MLE estimates of dose coefficients: q0= 0.02352, ql= 0.001171

Model form: P(D) = 1-exp(-q0-ql*D)

Maximum value of log-likelihood function: -52.0340

Extra Risk MLE Concentration (ppm)

0.1 89.964

0.05 43.798

0.01 8.582

95%LowerLimiton
Concentrmion (ppm)

58.568

28.513

5.587
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Attachment 9

Risk Assessment Issue Paper for:
Carcinogenicity Information for

Trichloroethylene (TCE) (CASRN 79-01-6)

The current phase of the carcinogenicity characterization for trichloroethylene started
with a July 1985 Health Assessment Document for Trichloroethylene, EPA# 600/8-82/006F
which classified trichloroethylene in Weight-of-Evidence Group "B2 - Probable Human
Carcinogen". Inhalation and oral upper bound risk estimates were provided. This information
was verified on IRIS from 3/87 through 7/89. A June 1987 Addendum to the Health Assessment
Document for Trichloroethylene, EPA# 600/8-82/006FA proposed that the Weight-of-Evidence
finding of "B2" was further supported by newly available animal bioassay data and offered a
minor revision to the inhalation upper bound risk estimate. In 1988 the Agency’s Science
Advisory Board offered an opinion that the weight-of-evidence was on C-B2 continuum
(C=Possible Human Carcinogen, B2=Probable Human Carcinogen). The Agency withdrew the
IRIS carcinogemcity file in 7/89 and has not adopted a current position on the weight-of-
evidence classification.

The quantitative risk estimates provided in the 1985 Health Assessment Document and
1987 Addendum have been reviewed by the IRIS-Crave Workgroup but are not verified as such
pending resolution of the weight-of-evidence classification. The upper bound risk values in these
documents are as follows:

ORAL: 1985 HAD; Unit Risk = 3.2E-7 per ug/L
Slope Factor = 1.1E-2 per mg/kg/day

INHALATION: 1987 Addendum; Unit Risk = 1.7E-6 per ug/cu.m.
Slope Factor = 6.0E-3 per mg/kg/day

When the Agency adopts a current position on weight-of-evidence classification, the
trichloroethylene file will be reentered on IRIS.
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APPENDIX K

Site Photographs

Photographs of the various FUs are included in this appendix.
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RI 57 Building 629. View of southwestern corner of Butlding 629 and the adjacent railroad tracks
Samples were collected in the gravel area

SS 65 XXCC-3, Building 249. Vtew of southeastern corner of Butldmg 249 and the end of the adjacent
rarlroad tracks Samples were collected ~n the gravel area

Figure Kla. Photos of Buildings 629 and 249.
CH2MHILL

E071999~gGNV
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SS 66 ~reas North of Building 253. View of southeastern corner of Building 250
and the~grassy area north of"G" Street. Budding 253 is located on the south s=de of "G" Street and
is not shown here. Samples collected as part of FU1 were from grassy areas south of Building 250
shown here

Figure Klb. Photo of Building 250 CH2MHILL
E071999009GNV
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R125 Golf Course Pond (Subparcel 3.8). Vtew of Golf Course Pond Samples were collected from
within the pond

R126 Lake Danielson (Subparcel 3.6). View of southeastern side of Lake Damelson Samples
were collected from wtthin the lake

Figure K2a. Photos of Golf Course Pond and Lake Dantelson. ’ CH21VlHILL
E071999009GNV
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SS 51 Lake Danielson Outlet Drainage Ditch. V=ew of north port=on of concrete-hned drainage ditch,
which discharges from Lake Damelson Samples were collected within ditch.

SS 52 Golf Course Pond Outlet Drainage Ditch. V=ew of south port=on of concrete-lined drainage ditch,
wh=ch d=scharges from the Golf Course Pond Samples were collected within d=tch.

Figure K2b. Photos of Lake Danielson Outlet Drainage Ditch and Golf
Course Pond Outlet Drainage Dttch.

CH2MHILL
E07~999~)gGNV
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[]

RI 59 Building T-273. View of southeastern side of Building T-273 Samples were collected in the
grassy area to the right of the building

o

SS 69 Flamethrower Liquid Fuel Application. View of northern portion of golf course,
south of Building T-273. Samples were collected in the grassy area

Figure K2c. Photos of Budding T-273 and Flamethrower Liquid Fuel Application. CH2MHILL
E071999009GNV
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TEC 92 View of park and road located on the western side of the golf course
Samples were collected m the grassy area

Figure K2d. Photo of TEC 92.
CH2MHILL

E071999009GNV
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R127 Former Recoupment Area (Building S-873) VCew of southeastern stde of Butldmg 873 (to the nght) Samples
were collected m the gravel yard along the east s=de of the building, to the north of the buildmg

SS 31 Former Paint Spray Booth (Building 1087), R132 Sandblasting Waste Accumulation Area, SS 
Sandblasting Waste Drum Storage Area (Metal Shed South of Building 1088). View of southem sLde of Buildings
1087, 1088, 1090, and 1091 Samples were collected in gravel yard surrounding all buildings

Figure K3a. Photos of Buildings S-873, 1087, 1088, 1090 and 1091 CI-12MHILL
E071999009GNV
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R134 Underground Oil Storage Tanks (Building 770). View of western side of Building 770 Samples were
collected in gravel yard =n center of photograph

SS 78 Building 689 (Alcohol, Aceton’e, Toluene, Naphthalene and Hydrofluoric Acid Area). View of westem s=de
of Building 689 Samples were collected below concrete slab where markings indicate and where soil
bonng can be seen m lower left comer of photograph

Figure K3b. Photos of Buildings 770 and 689. CH2MHILL
E071999009GNV
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SS 82 Buildings 783 and 793 (Flammables) View of northeastern side of Buildmg 783 (Budding 793 not shown)
located within berm m distance Samples were collected m grassy area located In front of Budding 783

SS 84 Building 972 (Flammables, Solvents, Waste Oil, etc ) Northeastern view of north side of Budding 972
(Building 972 =s to the nght of the area shown =n the photo) Samples were collected m gravel area
located m front and lower right of photograph

Figure K3c. Photos of Buddings 783, 793 and 972. CH2MHILL
E071999009GNV K-11
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ER 87 Banned Pesticides (Building 1084) View of southern side of Budding 1084, the open shed, in distance.
Samples were collected Jn gravel yard surrounding Budding 1084

/ .J J ;" J

t

f

SS 89 Building 1089 (Acids)¯ View of westem srde of Budding 1089 (left s=de of photograph), Perimeter Road, 
southwestern boundary of s=te Samples Were collected along west and south spdes of Building 1089
and Penmeter Road

Figure K3d. Photos of Buildings 1084 and 1089 CH2MHILL
E071999009GNV
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SS 35 Defense Reutilization Marketing Office (DRMO) Building T-308: Hazardous Waste Storage.
Vnew of the northeastern snde of Bunldnng 308, the gravel yard and the h0stornc docking area, where
samples were collected

SS 36 DRMO Drum Storage. View of southwestern sude of Buildung 309 Drainage culvert located to the
right of the photo Samples were collected in grassy areas as well as near culvert

Figure K4a. Photos of Building T-308 and DRMO Drum Storage¯ CH2MHILL
E071999009GNV
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SS 42 Former PCP Dip Vat Area. V=ew of grassy areas and radroad tracks located west of
Budding 650 (not shown) Building 835 is in dtstance Samples were collected =n the grass

SS 43 Former Underground PCP,Tank Area and SS 70 All Railroad Tracks. View of gravel areas
and radroad tracks around SS 43, located west of Budding 737 (not shown). Building 835 is 
dmtance SS 70 represents the convergence of railroad tracks in the center of FU4, indicated by
railroad tracks seen here Samples were collected in the gravel

Figure K4b. Photos of SS42, SS43 and SS70 CH2MHILL
E071999009GNV
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SS 54 DRMO East Storm Water Runoff Canal. Vtew of the concrete-lined drainage ditch, located
east of Butldmgs 308 and 309 Samples were collected within dttch

SS 55 DRMO North Storm Water RunoffArea and SS 72 Waste Oil (PDO Yard) Surface
Application for Dust Control. SS 55 is a drainage ditch that rs located along the northern fence hne
in this area Vrew of gravel yard and end of railroad tracks located at SS 72, north of"B" Street
(not shown), and south of Dunn Avenue, at the Depot’s northern propoerty edge (shown in distance)
Samples were collected withm dttch and the gravel

Figure K4c. Photos of Storm Water Runoff Areas (East Canal and North Area)
and Waste Oil (PDO Yard) Surface Applicatton for Dust Control CH2MHILL
E071999009GNV
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SS 79 Fuels, Miscellaneous Liquids, Wood, and Paper. View of the railroad tracks and the southern
edge of the concrete pad where Building 702 once stood Samples were collected m the grassy area

SS 80 Fuel and Cleaner Dispensing, Building 720. View of the southeastern s~de of Butldmg 720,
and the railroad tracks and gravel yard behind it Samples were collected m the gravel area

Figure K4d. Photos of Former Building 702 and Building 720.
CH2MHILL

E071999009GNV
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SS 83 Dried Paint Disposal Area. View of the southeastern stde of the covered Buddtng 949,
concrete pads south of tt, and adjacent radroad tracks Samples were collected in the gravel areas
surrounding building, as well as from railroad tracks

Figure K4e. Photo of Building 949
CH2MHILL

E071999009GNV
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SS 75 Unknown Wastes near Building 689. View of grassy area located on northeastern side
of Budding 689 Samples were collected in the grassy area

SS 76 Unknown Wastes near Building 690. (No photo is available for this site)

Figure K5a. Photos of Buddmgs 689 and 690
CH2MHILL

E071999009GNV
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SS 77 Unknown Wastes near Building 689 and 690. Vtew of gravet and grassy areas located north of
Bulldmg 690, south of Butldmg 689, and east of Buddmg 685 Samples were collected in the grass
and gravel in this area.

SS 78 Alcohol, Acetone, Toluene, and Hydrofluoric Acid Area, Building 689. Note - this
photo has also been included in FU3 layout. (Figure K3b).

Figure K5b. Photos of Buddmgs 689 and 690 CH2MHILL
E071999009GNV
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]

TEC gIA. V~ew of northeastern side of Building 670 and the adjacent railroad tracks. Samples
were collected in the gravel and along the railroad tracks.

Figure K5c. Photo of Building 670
CH2MHILL

E071999009GNV
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Administration Building (Parcel 1). View of grassy area located south of Building 144 and west
of the southern parking lot near Gate No 1 Samples were collected in the grassy area

Housing Units (Parcel 2). View of Butldings 176, 179, 181, and 184 Samples were not collected
due to excavation of enhre area

Figure K6a. Photos of Administratton Building (Parcel 1) and Housing Units (Parcel 
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%.,,~

SS 48 & SS 58 at Cafeteria, Building 274. View of grassy area and northern side of
Building 274. Samples were collected in the grassy areas surrounding the building

SS 66 Petroleum, Oil, and Lubricants (POL) Building 253. Building 253 is located on the
south side of "G" Street, east of 2nd Street. (No photo =s available for this s~te)

Figure K6b. Photos of Buildings 274 and 253
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SS 67 Installation Gas Station, Building 257. V=ew of grassy area surrounding gas stat=on,
located south of"G" Street Samples were collected m the grassy areas surrounding the station

SS 68 Petroleum, Oil, and Lubricants (POL) Building 263. View of paved area surrounding
Building 263 Samples were collected from below the concrete located at the markers in the center
of the photo

Figure K6c. Photos of Buildings 257 and 263
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APPENDIX L

Detected Parameters in FU1

The following are included in this appendix:

¯ Table L-I-Detected Parameter Summary in Surface Soil

¯ Table L-2-Detected Parameter Summary in Subsurface Soil
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TABLE L-2
Summa~ of Detected Parameters nn Subsurface Sod at FU1 C,~npar ed to BacIog~ound and So~ee nmg Level Va,~ S

Mernph~ Oeper Main Instafat~n R/

RBC

Blic klp’q:~Jnd GWP
De~h Background ExcNcl=mce GWp Ex©eedar~e Exceeded

S~o Station Range pMw,net~- C~r~cent t M~n Ouldlflet Unllm Vllue Faro V=IUO Rig ~-itw~a Flag
;7 ~B57C 30toso ~CETONE 0OO8 ~IGtKG 1( N

;7 ~B57C B0tolO0 ~CETONE 0008 V, GJKG t( N

;7 ~BS70 30to50 b=CETONE 0 OO8 ~tG/KG N

;7 ~BSTD :t 0tosO ~CETONE OO08 UC~KG N

;Y ~B57D BOto100 b.CETONE 000g ’,4GAKG N

;7 ~BSTE 301o50 ~,CETONE 0 O07 ~GJKG 1( N

;7 ~BS7E B0tolO0 ~CETONE 000~ k~C~<G 11 N

;7 ~BS7F 30to50 b.CETONE 0017 L~GA<G 11 N

;7 ~B57F 80to100 ~.CETONE O01U MG~G 11 N

~7 ~B57G 30to50 ~,CETONE 0017 MG/KG 11 N

~7 ~B57G E¢Oto 100 ~,CETONE 0018 MG/KG II N

~7 ~B57G 301o50 ~CETONE 0017 MG~G 11 N

r0 ~B70F 301o50 M.UMINUM 132OO MC~KG 2182~ N
~0 ~B70F SOtol00 ~t.UMINUM 91E~3 MGrKG 2182~ N

’0 ~B70H 301o50 ~.UMINUM 931(~ MGVKG 21821 N
~0 ~B70H 80tot00 ~,LUMINUM 132C~ MGJKG 2182! N

’0 ~B701 30to50 ~.UMINUM 120C~ MGJKG 21821 N

~0 ~B701 30to50 ~,LUMINUM 1050C MGJKG 2192~ N

’0 38701 BOtol00 ~LUMINUM 187O3 MGrKG 2182! N

~0 ~870J 3O1O50 ~LUMINUM 944C MG~KG 2102~ N

r0 ~B70J BOto 100 ~LUMINUM 962C MC~XG 2t82! N

~7 ~B57F 3O1O5O ~J~TIMONY 1; MCvl<G 5 N

~7 ~B$7F 8010100 MC’r~MONY 11 MG, I~G 5 N

~7 ~B57G 301050 ~NTIMONY MG/KG N

~7 ~BSTG Oto 100 ~NTiMONY MG~KG N

~7 ~B57G 30to50 ~*NTIMONY 1; MGdKG N

~7 ~B57C 301o50 ~RSENtC 9~ MGdKG 17 29 N

~7 ~B570 80to100 ~*RSENIC 8~ MGJKG 17 29 N

~7 ~B57D 30to50 ~*RSENIC 9E MG~G 17 2g N

~7 ~B57D 301o50 ~RSENIC 11 MGJKG 17 29 N

~7 ~B57D 801o100 ARSENIC MG~KG 17 29 N

~7 ~BS7E 30to50 ¢¢RSENIC 91 MG~KG 17 29 N

~7 ~B£TE 80to100 ~,RSENIC 7; MG~G 17 2g N

~7 ~B57F 30to50 ~RSE~IC 8~ MCV~G 17 29 N

~7 ~B57F 801o 100 ~,RSENIC S~ MG,~G 17 29 N

~7 5957G 301o50 a*RSENIC 6~ MGJ~G 17 29 N

~7 SB57G 8olo 100 ~,RSENIC 4; MC~KG 17 2~ N=

~7 5B57G 301o50 ~RSENIC 8~ MGAKG 17 29 N=

r0 5B70F 3O1o50 ~,RSENIC 13~ MGtKG 17 29 N=

~0 5B70F 801o1O0 ~RSENIC 9~ MG~KG 17 29 N=

~0 SBTOH 3O1o5O ~*RSENIC 5~ MG#KG 17 29 N=

~0 SBTOH 9O1O1OO ARSENIC 4~ MGJKG 17 29 N=

~0 SB7O1 301050 AF~BENIC MGJKG 17 29 N=

7O SB701 301050 ARSENIC MGJKG 17 2g N

?0 ~B7~1 801o100 ARSENIC 9~ MG/KG 17 29 N=

70 SBTOJ 301050 ARSENtC 9~ MGJKG t7 29 N=

tO S~OJ 80to100 ARSENIC MGJKG t7 29 N=

ZO SBTOF 30to50 ARIUM 13; MC#t(G 30O 16C~ N

tO SB70F 801o100 ARIUM 12¯ MG~G 3O0 1600 N=

70 SB70H 30to50 ARIUM 7( MC~XG 30O 1600 N=

7O SB70H 80to100 BARIUM 87 MGr~G 3CO 1600 N=

7O SB701 30to50 BARIUM 16, MG~G 30O 1600 N=

70 SB70~ 30to50 BARIUM 16’ MG~G 3OO 1600 N=

7O SBT0t 801o100 BARIUM MG/KG 3~0 1600 N=

70 SBTOJ 301o50 BARIUM MG,~G 3OO 1600 N=

7O SB7OJ BOtolO0 ARIUM 12¸
i= M C,~XG 3OO 16OO N

57 5B57C 30to50 b==(2 ETHyLHEXYL} pHT~ALATE 004~JJ MGJKG 36OO N

~7 SB57C 80to100 b¢(2 ETHyL~EXYL) pH TP*ALATE 0 3~ MG~KG 36OO N

57 SBS7D 30to50 bin(2 E~HyL~ E.X*YL) pH~i~ALATE 007; MGJKG 36OO N

57 SB57D 801o100 b~S(2.ETH yL~ E.XYL) PH~ALATE 03~ MGJKG 36O0 N

57 SB57E 301o50 b~s(2*E31~yLHEXYL) pHTHALATE 0 01 MG~G 360O N

57 S~5?E 801o10o b~(2.E’P~yL~ EXYL) pH~ALATE 0 091 MGJKG 360O N

57 SB57F 301o50 b~S(2*E~YI.H EXYL) pH’~ALATE 1: MGJKG 3600 N

57 $957F 801o 100 b=S(2.ETHYLH EXYL) pHTHALATE 0 071 MG~G 360O N

57 SBS7G 301050 b,s(2.ETHy LH EXYt.) pHTHALATiE 006~ MC~KG 360O N

57 SB57G 80to100 h=s(2 B~HYI.~ EXY~) p HTHALATE 011 MG~G 36OO N

57 SB57G 301o50 bS{2.E~14yL~EXY~.) pHTHALATE 02; MG~G 360O N

65 SB65A 90to100 bin(2 E~IHyL~EXYL) pHTHALATE 01 MC~XG 35O0 N

57 SB57C 30to50 BROMOME~ANE 0 CO; MC~KG O2 N

70 SB70F 30to50 CALCIUM 1831 MGtKG 2432 N

7O SB70F 1010100 CALCIUM 2751 MG/KG 2432 X NA

7O SBTOH 301o50 CALCIUM 23~ ;MG, XG 2432 N

7O SBTOH 9O1o1OO CALCIUM 1731 MGJKG 2432 N

7O SB701 30t050 CALCIUM I370J iMGJKG 2432 N

70 SB701 30to50 CALCIUM 1171 ~C~KG 2432 N
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TABLE L~2

Summary of Det ecled Parameters I/1 ,~JbSurface ~ol] a[ FUl Co(11pa fed to Backgl~lk3d and Scree/Hrl~ LEVel Values
Mer,~ Depot Ma~ /r~la#ca RI

RBC

8ackvc~nd GWP
Depth Becksirou nd GWP Ex©wdamce ~¢eeded~c~nc+

¢dtl Slltlon Range pmraLmetu, Concel~4rldion QuaJffle¢ Unltw VIlue ~9 V=due Ft=9
ZO 5B701 80tolO0 3ALCtUM 978 ~C, vXG 243; N

7O 5B7OJ 30to50 3ALCJUM 1870 ~GtKG 243; N
70 SBTOJ 80lot00 3ALCIUM 2020 ~4GtI<G 243; N

57 SB57C 30to50 CHROMIUM TOTAL 121 ~GJKG 26, 3~ N

57 5B57C 80to100 3H ROMIUM TOTAL 132 ~C, dKG 26, 34 N

57 $8,~7D 30~o50 ~’*HROMIUM TOTAL 102 26, 3~ N
$7 58570 301050 CHROMIUM TOTAL 119 ~C~XG 26, 31 N
57 5857D 8010100 CHROMIUM TOTAL 106 UGh~G 26, 3~ N
57 5B57E 301050 CHROMIUM TOTAL 129 ~C~G 26, 34 N
57 SB57E 8010100 CHROMIUM TOTAL 108 ~C~t~G 26, 31 N
57 SB57F 30to50 CHROMIUM TOTAL MG,’KG 26, 3~ N
57 SBSTF 80tolO0 CHROMIUM TOTAL 113 MGvXG 26, 3~ N

S7 $fiSTG 30to50 CHROMIUM, TOTAL 13 MG,’KCI 26, 3~ N

57 $BS7G 80to100 CHROMIUM TOTAL 14 UG,’KG 26, 3~ N

57 SB57G 301o$0 CHROMIUM TOTAL 14 MC,,/KG 26 3~ N

7O SBTOF 30loS0 CHROMIUM TOTAL 14 G MG/KO 264¸
3~ N

7O SBTOF 801o100 CHRCMIUM TOTAL 12~ MC,~G 264 31 N

7O SB?0H 301050 CHRCMIUM TOTAL 12 MGJKG 264 3~ N

7O SB70H 80to100 CHROMIUM TOTAL 193 MG/KG 264 31 N
7O SB701 30to50 CHROMIUM TOTAL 13.¢ MGJKG 264 31 N
7O SB701 30to50 CHROMIUM TOTAL 12~. MG~G 264 31 N

7O $8701 80to100 CHROMIUM TOTAL 17_= MG~G 264 31 N

7O $870J 30toS0 CHROMIUM TOTAL MG~G 26 4 31 N

7O SB70J 80to~00 CHROMIUM TOTAL 12 ! MGrKG 26 ̄ 31 N

65 SB65A 001o100 CHRYSENE MG~G N
7O SBTOF 8010100 CHRYSENE 004~ MG~I(G N
7O SBTOF 301050 COBALT 9~ MG/KG 2O4 N
7O S870F 8O1O10O COBALT 7E MGtK(3 204 N

7O SB70H 301o50 COBALT 6E MG#I<C~ 204 N

70 $870H ¸8O1O1OO COBALT 6~ MGdKG 2O4 N
7O $~701 COBALT 74 MGJKG 204 N
7O SBTOI ~0toso COBALT 8~ MG~G 204 N
7O $B701 10to100 COBALT 9~ MOJKG 204 N

70 SB70J 10toSO COBALT 71 MGJKG 2O4 N

70 SB70J IOtol00 COBALT 7E MGJKG 2O4 N

57 SB57C IOtoSO COPPER 16; MG~KG= 327 N
57 SB57C IOtolO0 COPPER 18( MCVKG 327 N
57 SB57D 10to50 COPPER 16E MC~XG 327= N
$7 SB57D 10~o50 COPPER 18E MC~XG 327 N=

$7 SB57D 10to 100 COPPER 17~ MG,~G 327 N=

$7 SB57E 101o50 COPPER 16~ MG,I~G 327 N=

57 SB57E ~0¢o t00 COPPER MG/KG 327 N=

57 SBS7F 10~o50 COPPER 16: MG~<G 32 ? N=

57 SB57F 101o ~00 COPPER MG/KG= 32 7 N
57 SB57G 10loS0 COppER MG~KG= 327 N
$7 SB57G ~01o lOO COPPER 12~ MG/KG N= 327
57 SB57G 101o$o COPPER 17, MC~KG 327 N=

7O SB70F ~0toS0 COPPER 2; MC~KG= 327 N

70 5B70F ~01o 100 COPPER 16( MG~KG= 327 N
7O $670H 101050 COPPER M~dKG 32 7 N=
170 =$870H 10to100 COPPER 11: MG,’KG 32 7= N
70 ~B701 ~0toS0 COPPER 16 i MG~KG 32 7 N=

170 ~B701 ~0toSO COPPER 16 ; MGJKG= 32 7 N
,0 18701 ~0tolO0 COPPER 10, MGJKG= 32 7 N
,O ;B70J ~otoso COPPER 16. MGh(G 32 7 N=
,O ;BTOJ ~Otot00 COPPER 16~ MG~G 32 7= N

~7 ;E~TE ~OtolO0 DDE Oootl J MC~G 00015 X 54 N

~7 ;&STF I01o100 DOE 000t( J MG~KG OOO~ X 54 N

~7 ;B57G I01oS0 DOE 0 OOS~ MGr~G OOOIS X 54= N
;7 ;~TG I01o~0 DOE 001¸ MC~KG OOO~5 X 54= N
,0 ;BTOF I01o$0 ODE 0 02¸ MC~KG OOO15 X E,4= N
,0 ~BTOF 10to I00 DOE 0 O3; MC~KG OOO15 X 54= N
,0 18701 301o50 fOE 0 OO3~;J MG/KG OO015 X N
,0 ~B701 ]010100 DOE 0 002¸

iJ MC~I~G 00015 X N

i7 ~BSTD 301o~0 DOT 0 002¸ IJ MG~KG 0 OO72 11 N

;7 ~BS7E 301o100 COT 0001~ MCdKG 0 0072 11 N

~7 ~BSTF 30to100 DOT MGJKG 0 0O72 N
~7 ~B57G 30to50 DOT 001! MG/KG 0 O072 X tl N

~7 ;B57G 30to100 :DOT 0 002; MGJI<G 0 0O72 11 N

~7 ;BS7G 30to$0 ;DOT O03 MGJKG 0 OO72 X 11 N

~B70F 30to50 OO8 MGJI<G 0 ~72 X 11 N
,0 ~B?OF ~0to 100 DOT 0 05~ MG~KG 0 OO72 X N

’O ;B?Ot 301050 DOT 0008¸ MGJ~O 0 O072 X 11 N

7O 5BT0t ~OtolOO DOT OOO3, MC~G 0 OO72 N

6~ $B65C ~0to60 DI-~-BUTYL pHTHALATE 0 05: MG~G 2300 N

854
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TABLIE L-2

$unvnar/~ Oet ec~ed Parameters in Subsudace So~ at FUI Compared Io Backgound and Screer~ng Level Va~es
Memph~ Decor Ma~n Insfaqa~ R/

RBC

B~ckgr out, el GWP
Depth BaCkgCouncl Excwdar¢o G~ ~©wda~e EX¢~

SRO Slmtlc*n RBnge pun’~tlr Co~lmrIKmn Qu~lf~r UnJla V|luo F~ Vi}uo Rag
7o $B7~ 301o50 DI~ BUT’f L pH~HALATE 005J J MC~KG 23O0 N
65 SB65A 8010100 FLUORANTHENE 006~J MC~KG 0045 X ¢3OO N
70 SB70F 8010100 FLUORANTHENE 007; J MC~KG 0 O45 X 43O0 N
57 SB57D 301050 GAMMA BHC (LINDAN~3) 000;~ MC,~G 0OO9 N=

57 SB, STD 301o50 GAMMA BHC (UNDANE) 0001, J MG/XG 0C~9 N
57 SB570 B01o 100 GAMMA BHC (IJNDANE] 0002~ MC~G N= 0 0O9
70 $B70F 3O1O50 IRON 234C~ 38480 N= MOA~G
70 SB70F 8O1O1OO IRON 196C~ MGA(G 38480 N.=
7O SBTOH 301oS0 IRON 1640( MGJKG 38480 N

7O SB70H 8O1o1OO IRON 159C~i= MG~G 3848O N

7O SB701 30to50 )RON 183~ I= MGA<G 38480 N

70 SB701 301050 IRON 203~ I= MG~G 38480 N

70 SBTOt B01o100 IRON 2120~ MC~<G 3848O N

70 SBTOJ 301o50 IRON 18E~ MG~G 3848O N

70 SBTOJ B01o100 IRON lg.5~ MCuXG 384~ N

57 $B57C 30105O LFJ~ 10 I MC~<G 23 9 N

57 $B57C 8O1O1OO LE.~D 1{ MG,I(G 239 N

$7 SBSTD 301O5O LEAD MG~G 239 N

57 SB570 301o50 LEAD 13¸
MG~G 239 N

£7 SB£70 8O1o100 LEAD 81 MG~G 239 N
$7 SBSTE 301O5O LEAD MGJKG 23 g N
$7 SB57E 801o1o0 LEAD 8, MGJXG 239 N
57 SBS7F 301o50 LEAD 91 MG~G 23 £ N

57 SB$7F 801O1O0 LEAD 7~ MG/KG 23 N

57 SB57G 301o50 LEAD 8~ MGtKG 239 N

57 SBSTG 8O1O100 LEAD 8: MGtKG 23£ N

57 SBSTG 301O5O LEAD 9, MC,#KG 23 N
7O SB70F 3O1O5O LEAD 13; MGJKG 235 N

7O SBTOF 80to100 LEAD 10 MG~KG 23 N

7O SB70H 30to50 LEAD 7; MC,,~G 23 N

7O SB70H 8O1O1OO LE.~D 8; MGJKG 23 N

7O SBT01 30to50 LFJ~D ;MGJKG 23 $ N
70 SBTOI 30to50 LEAD 10d MG~G 23 N

7O $B701 80to100 LEAD iMG~KG 23 £ N

7O SB7GI 30to50 LEAD 911 AC=~G 23 S N

7O SBTOJ 80to100 LEAD 9SI AGOG 23 N

7O SB70F 30to50 MAGNESIUM 292O; AGOG 49CC N

7O SB70F 80to100 MAGNESIUM 2580, ~G~G 49C¢ N

7O $B70H 3O105O MAGNESIUM 2310; ~C~KG 490~ N
7O $B70H 80to100 MAGNESIUM 2210 ,~C~XG 490~ N

7G $8701 ~0t~50 MAGNESIUM 2530 ,~GJ’KG 490C N

70 $870t IOtoS0 MAGNESIUM 2480 493¢ N

70 SB701 IOto100 MAGNESIUM 2440 ~G/KG 490~ N

7O $870J 10~o50 MAGN~81UM 2420 ~C~XG 490~ N

70 $B70J I01o ~00 MAGN£SIUM 2520 AGOG 490~ N

70 $870F 101o50 MANGANESE 1~10 ~GJKG 1S4¢ N

70 SB70F 101o100 MANGANESE 541 AC~XG 154C N
7O SB70H 101o50 MANGANESE 523 AGJKG 1E,4C N

70 SB70H 101o100 MANGANESE 40S AGOG 154C N

7O SB70~ 101o50 MANGANESE ACVKG 1£4C N

7O SB70~ 101o50 MANGANESE 684 AG/KG 154C N

70 SB701 1010100 MANGANESE 560 AC~KG 154C N

70 SB70J 10tcS0 MANGANESE 487 dC,~KG lS4C N

7O SBTOJ 1O1o1OO MANGANESE 54O ~C~KG 154C N

57 SBS7C 10to~0 NICKEL IB AG/KG 36( 13< N

57 SBSTC 10to 100 NICKEL 194 AGJKG 36( 13~ N

57 SB570 1O1o5O NICKEL 18 AGJKG 36~ 13~ N

57 SBSTD ~0toSo NICKEL 19B ~C~KG 36~ 13~ N

57 $B57D 10to100 NICKEL ~6~ ~GJKG 36E 13< N

57 SBSTE 10toS0 N~CKEL 18 5 ~G~G 36( 13~ N

57 SBS7E ~0to100 NICKEL ~6 2 AGOG 36( N

57 S857F 101oSo N~CKEL ~76 AGJKG 36( N

57 SB57F ~0(o100 NICKEL ~6 2 ,(G~G 36~ N

57 SB57G $01o50 NICKEL 18 ,(G~G 36E N

57 $B57G ~01o100 NICKEL 147 36~ N

57 SE~TG 301o$0 NICKEL 18 6 ~G~G 36~ N

7O SBTOE 301o5O NICKEL 204 .~ G’I< G 36~ 13( N

7O SB70F ~01o100 NICKEL IB 4 ~G~G 36~ 134: N

70 SB70H 101o50 NICKEL 161 ,~G~G 36E 13< N

70 SBTOH 1010100 NICKEL 13 9 ,~G~G 36E 13< N

70 $8701 101o50 NICKEL 17 2 ~G,’KG 36£ 13< N

7O SB70t ~01o50 NICKEL 17 9 ~C~XG 36( N
7O SB70t ~01o100 NICKEL 181 ,~G~.G 36( 13< N

7O SB70J ~01o50 NICKEL 169 ~G~G N

70 SB70J ~01o100 NICKEL 17g ~C~KG 36~ 13< N



TABLE L-2

$umma~ of De~e~ed Pamm~ers in Subsurface So~ a~ FU1 Compared to B~k~ound a~ Screenlr~ Level Values
Men~h~s Depot Ma~ Ir~:a~a~on RI

Oef4h
Site StatJ~ Range Pararnwt~ Concentration QuaJI/kw Un;ts

6g $B65A 801o100 pH ENAN’n-~RFJ~ E 008~ MG~KG
70 $870F 30to$0 POTASSIUM 278~ . MC, IKG
70 gB70F 801o100 POTASSIUM 241[ . MG/KG
70 SBTOH 30to50 POTASSIUM 218C . MC~I~G
70 SBTOH 80to~00 POTASSIUM 188( MG~G
70 SBT0t 30to50 POTASSIUM 24~: . MC~KG
70 SBT01 30to50 POTASSIUM 22,8~ . MG~G
70 SB701 801o~00 POTASSIUM 27~ = MC~’<G
70 SB?0J 30los0 POTASSIUM 234I = MG~G
70 SBTOJ BOIo 100 POTASSIUM 24~ = ~4C~KG
65 SB~SA 80 to 10 0 PYRENE 00( k(C~KG
70 SB70F 8 0 Io 10 0 PYRENE 00~ MC~G
70 $B70F 3 0 Io 50 SILVER 0 I~ MG[KG
70 SB7(~F BOIo 100 SILVER 01~ MGJKG
70 SBTOI 301o50 SILVER 01; MG,~G

70 SBTOI 301o50 SILVER 01! MG~KG
70 $8701 B 0 Io 10 0 SILVER 0 1 MG~KG
70 SB7GI 8 01o 10 0 SILVER 0 11 MG~KG
~7 $857G 301o50 TETRAC Ht.OROETHy~.ENE Ip CE) 000; M~z~KG
57 SBS?G 80 Io 10 t) TETRAC HLOROETHyLENEIPCE) 000~ MG~KG
~7 SB57G 301o50 TETRAC H~.OROETHy~.ENE{p CE) 000I MC~KG
70 $B70F 301o50 VANADIUM 31! M~KG
70 SB70F 80 Io 100 VANADIUM 24 ~ MC~KG
70 $87C~ 301oS0 VANADIUM 26; MG[KG
70 SS?()H 8 0 ~o 10 0 VANADIUM 31 f M~G
70 SBTOI 30 Io 50 VANADIUM 27 1 MC~KG
70 5B701 30 Io 50 VANADIUM 24 ~ MG~KG
70 $8701 8 0 Io ~00 VANADIUM 35 ; MC~KG
70 S870J 3 0 Io 50 VANADIUU 24 ~ MG~KG
70 5870J 8 0 Io 100 VANADIUM 2S ~ MC,~.G
$7 $BS7C 30 to S 0 ZINC 57 ~ MG~G
57 S857C 80to100 ZINC 46~ MGJI<G
57 $Bg7D 30 to 50 ZINC 5S 2 MC~XG
57 $857D 30to50 Z~NC £9_¯

MG.~G
~7 $857D 80to100 ZINC 46~ MG~G
57 $BS7E 30 to 50 Z~NC 55 .~ ~G~G
~7 $857E 80 to 10 0 Z~NC 4E MG~KG
g7 SB57F 30~50 ZINC $8~ MG~KG
57 SB57F 80 Io 10 0 ZINC 36 E MC~KG
5? $B57G 30 Io S 0 ZINC 44 £ MC~KG
$7 SBS7G 80 Io ~0 0 ZINC 37 ~ MG~KG
57 SBS7G 30 Io S 0 ZINC $36 ~GJKG
6g S~SA 40ZO60 ZINC 155 ~tG~KG
65 $~SA B0tolO0 ZINC 121 ~JG~KG
65 $1~SB 40to60 ZINC 127 ~tG~KG
65 S~SB 9 $ to 110 ZINC 951 ~4G~.G
65 SB~5C 401o60 Z~NC lt2 ~ICVKG
6S S865C 90 Io I t 0 Z~NC 783 ~G~G
70 SBTOF 301o~0 ZI~/C 721 ~G
70 SBTOF ~ 0 IO 10 o ZINC 539 ~G~G
70 $870H 30 Io 50 ~INC 358 ~G~KG
7O SBTOH 801O1OO ZINC 377 ~(~KG
70 $8701 301o50 ZINC $61 ~G~G
70 S~701 301o50 ~INC 546 ~(~KCI
70 58701 801o100 ZINC 61 ~C#KG
70 $B70J 30 Io 50 ~INC gl 2 ~tGJKG
70 SBTOJ 801o 100 ~INC 532 ~G~KG

RBC
BaCk~FoUnd GWP

BackgrOund Exc~ncl GWP ~.Xc~dancQ ExeNd~K~
Vah~e Frag Value Flag ~’il~ia F~

250 N

1~ X NA

1600 X NA

1800 X NA

1800 X NA

1800 X HA

1800 X NA

1800 × HA

1800 X NA
1800 X NA

0 ~42 X ~ N

0042 X 8~ N

2, N

N
2, r/

N

N

N

0~ N
0C~ N

0~ N

51 3 6C~ N

51 3 600~ N
51 3 6[X~ N
513 ~ N
513 6~X~ N

513 ~ N

513 ~ N
g13 600( N

$13 ~ N

1~4 12C~ N

114 12C~ N

114 12C~ N
114 120~ N
114 120G( N
~14 1200( N

114 120~ N

114 1200( N

114 12~X N

114 120~ N

1141 120:X N
11, X 1200( N

11, X ~2~X N

11, X 12C~X N
11, 1200( N
11, 1200( N
lt, 120(X N
11, 121)0~ N
~1, 1200<

11, 1200( N

tl, 12~C( N
11, 12C<X N

11, ~20:X N
11, 120~X N
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APPENDIX M

Detected Parameters in FU2

The following are included m this appendix:

¯ Table M-I-Detected Parameters Summary in Surface Soil

¯ Table M-2-Detected Parameters Summary in Subsurface Soil

¯ Table M-3-Detected Parameters Summary m Surface Water

¯ Table M-4-Detected Parameters Summary in Sediment/Soil
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TABLE M-2

Summary of Detectnd parameters m Subsudace Sc~l at FU2 Compared to Background and Sueemng Level Values
Memph~ Depot Ma~n Installation R/

RBC

Backgtm*md GWP
Depth Background Exceedan¢~l GWP Exceedan== Exc~ded

Site S~Uon Range Parameter Concentration Quail flee Un[tl Valul Rag Value Flag ~rdana Fla
;t SB51A 90to110 ~CETONE b 0 O3 ~CVKG I{ N
~t $851B 90~120 ~CETONE 0 O74 AC~KG ~E N

SB51C 80~100 ~ETONE 0OO6 ~CVKG 1( N

GT27 BO~IO0 ~LKAUNITY, TOTAL (AS CaCC~) 234 AC~XG NA

GT59 80~100 ALKALINITY, TOTAL (AS CaCO3) 193 AGOG NA

~9 SB59C 80~100 IALUMINUM 965O ACVKG 21829 N
~g SB59C BO~100 ANTIMONY 058 ~CVKG N

SB51A g0~11o ARSENIC 24 7 ~G/KG 17 X 28 N

~t SB51A 50~70 ARSENIC 48 ~C~G 17 2~ N
~t SB51B 60~80 ARSENIC 77 ~CVKG 17 2~ N

SBStB 90~120 ARSENIC ~G/KG 17 2~ N

;1 SB51C $02o60 ARSENIC 154 ~G/KG t7 2~ N

SB51C 80~100 ARSENIC 195 ~G/KG ~7 X 2~ N

~2 S85ZA 40~o60 ARSENIC 172 ~G/KG ~7 X 2~ N

~2 SB52A 80to100 ARSENIC t9 ~C~KG 17 X 2~ N
~2 SB52B 401o60 ARSENIC 179 AG/KG 17 X 2~ N

~2 S~52B 8Oto 100 ARSENIC 77 ~GJKG 17 2~ N

;9 SBSgC B0to100 ARSENIC 78 ~GJKG 17 2~ N

;g SB$gC B0tOl00 BARtUM 97 ~GJKG 3OO 160( N
SB51A ~)0to I10 BERYLLIUM 14 ~KG 12 X 6: N

SB51A 50lo70 BERYLUUM 027 AG~KG 12 6: N

SB51C 50to60 BERYLLIUM dG~G 12 6: N
SBS~C 80,’o100 BERYLLIUM 14 ~G/KG 12 X 6: N

~2 SBS2A 801o100 BERYLUUM 13 ~C~G 12 X 6: N

~9 SBSgC 80to100 BERYLLIUM 041 dGJKG 12 6: N

S~StA B0to110 b~S(2-ETHYLHEXYL} PHTHALATE O 23 dG/KG 36C( N

;1 S85tB 601o80 b~S{2-ETHYLHEXYL) PHTHALATE 0 O79 ~CVKG 360( N

;1 SB51C 501060 =~s(2-ETHYLHEXYL} PHTHALATE 16 ~CVKG 360( N

SB51C 80tO100 =~S(2-ETHYLHEXYL} PHTHAL~TE 019 ~GJKG 36C~ N
~9 SB59C 80to100 =~S(2-~THYLHEXYL) PHTHAI.~T 013 ~G 360( N

;1 SB51B 601o80 ~ROMOMETF~.NE 0 OO2 dC~KG 0~ N

SBS1B 90~120 ~ROMOMETE~ANE 0001 ,~ G,’KG N

~2 $8528 40~80 ;AOMIUM 15 ~KG 14 X N
~g SB59C 80~100 ;AOMIUM 015 ~G/KG 14 N

~9 SBSgC 80~100 ;ALCIUM 1980 ~GJKG 2432 N

SBS1A gOtOlle ;HROMIUM, TQTAL 327 ~G/KG 264 X 31 N

St~51A 50~070 ;HROMIUM, TOTAL 105 ~C~KG 264 31 N

$851~ 60to80 ;HROMIUM, TOTAL 171 ~C~G 264 31 N

S~51B 90t0120 ;HROMIUM, TOTAL 172 ~GtKG 264 31 N
SB51C 50~60 ~HROMIUM, TOTAL 256 ~GJKG 264 31 N

SB51C 8O~otOO ;HROMIUM, TOTAL t 491 ~G,’K G 264 X 31 X Y

~2 SB52A 40~60 ;HROMIUM TOTAL 376 ~G/KG 264 X 31 N

~2 S~52A 80t0100 ;HROMIUM TOTAL 532 ~C~KG 264 X 3i X Y

~2 S~52B 40~60 ;HROMIUM TOTAL 31 ~G/KG 264 X 31 N

~2 $852B 80tOl0O ;HROMIUM, TOTAL 329 VtGIKG 264 X 3i N

~9 S~59C 80role0 ;HROMIUM, TOTAL 12g ~tCVKG 264 3i N

~9 SBSgC 80toi00 ~OBALT 47 VIGA~G 204 N

SB51A ~OPPER 28 ~G/KG 327 N

S~51A 50to70 ;OPPER 1~2 ~G~KG 327 N

BBSIB 60to80 ;OPPER 189 ~C~G 32 7 N

SB51B 90{ol20 ;OPPER 18 ~C~KG 32 7 N

SB51C 50to60 ;OPPER 23 4 ~G~G 32 ? N

SBStC 80lo100 ;OPPER 3O 1 ~Gh~G 32 7 N

~2 SB52A 40~o60 ;OPPER 361 ~G~G 32 7 X NA

~2 SB52A 8010100 ~OPPER 31 ~G 32 7 N

~2 $852B 40t060 ;OPPER 228 ~GfKG 32 ? N

~2 SBS2B BOrg100 :OPPER ~C,~G 32 7 N

~9 SB59C 80to100 ;OPPER 14 ~GJ~G 32 ? N

3RAC B(35) o0to4O )DE 0 C057 ~G~KG 0OOI~ X N

~2 SB52B 80to100 )DT 000~8 ~G ooo72 N

~2 $85~ cote too )IF~-DRIN 00017 ~KG O 37 00~ N

~2 58528 40to60 )IELDRIN 00053 ~G/KG O 37 000, X N

~2 $852B 80tot00 )iELDRIN 0 0018 ~G/KG 037 000, N

~RAC B(3 5) 00to40 ~IELDRIN o 042 ~G/KG 0 37 00~ X N

3RAC D(35) OO[O4O )IELDRIN O O47 ~ACVKG 0 3~ 000, X N

~RAC 0(38) 70to1oo )IELDRIN 0016 ~G~KG 037 0o~ X N

59 SB59C 801o100 RON 165O0 ~C~KG 38480 N

]I S~51A 901o110 .EAO 32 ~CVKG 23 X NA

SB51A 50lo70 ~EAO 9£ ~CVKG 23~ N

$851B 60roBe .EAD 175 ~C~KG 23 N

S~51B 90to120 .EAD ~C~KG 23 N



TABLE M-2

Summa7 of Detected Parameters ~(~ Subsurface S(~I at FU2 Compared to Background and Screer~ng Level Values

Memphis Depot M~n InslaJlatton RI

Dep~
Sltl* Slatlon Ranp Paramatlr Concer~trltion Qualifier

31 $851C 5oto60 .EAD 198

$1 $851C B 0 to tO 0 .EAD 24 7

52 SB52A 401060 .FAD 317

52 $B52A 8 0 to 10 0 .FJ~O 27 4

52 SB52B 4 O Io 6 0 .EAD 229

52 SB52B B 0 I0 10 0 .EAD 24 2

$9 $859C 8 0 to 10 0 .EAD

59 ;B$9C 8 0 to 10 0 ViAGNES~UM 2380

59 ;859C 8 0 to 10 0 VU~NGANESE 334

51 ~B51A 90¢o110 ~ETHYL ETHYL KETONE [2-BUTANC~NE) 0003

5t ~BS1A ~o1o110 NICKEL 322

51 ~BS1A 50t070 NICKEL 1t9

51 ~B51B 60t080 NICKEL 244

51 ~BStB 90to120 NICKEL 204

51 5851C ;0¢o60 NICKEL 234

51 5B51C I 0 IO 10 O NICKEL 31 2

52 ~BS~A ~ 0 to 6 0 NICKEL 40 2

52 ~B52A ] O to 10 0 NICKEL 35 2

52 ~B52B I 0 to 6 0 NICKEL 25 1

52 ~B52B I 0 to 10 0 NICKEL 234

59 $859C 10to100 NICKEL 143

,~T27 letoloo pH 61

~TS9 101o 100 pH 64

59 SBSgC )010100 POTASSIUM 29C~

5~ 5B51A }Oto110 SELENIUM IE

59 $B59C 30 to 10 0 SELENIUM 1 3

59 £B59C ~oto 100 Tota) Xylene$ 0001

59 SB59C I 0 to 10 0 VANAOI~JM 25 E

51 SB51A ) 0 to 11 ZINC 10{

:51 SB51A ~01o70 ZINC 36{

;51 SB51B ~0toS0 ZINC 66( 

i51 $851B ~01o120 ZINC 593 -

SBSlC i01o60 Z~NC BI =

£B51C ]Oto IOO ZINC 99! =

i2 SBS2.A t0to60 ZINC 13~ =

12 SB52A ]0to~00 ZINC 11( 

~2 $852B 10to60 ZINC 82! =

~2 SB52B ]0to 100 ZINC 60~ =

;9 $859C 30 to 10 0 ZINC 39 ~ =

488

RB¢

Background GWP
Background Exceedan=+ GWP ExmmmdanoBExceeded

Units Value Flag Valu. Flag Criteria Flag

MGIKG 23 I N

MCVKG 231 X NA

MG/KG 231 X NA

MCVXG 23 ~ X NA

MCVI~G 23 ! N

MCVKG 23 ! X NA

MG/KG 239; N

MGJKG 4900 N

,tG/KG 1540 N

,tG/KG 17 N

,~G/KG 36 6 13C N

.~CVKG 36 6 13C N

+tG~KG 366 13¢ N

.tGJKG 36 6 13{ N

~4CVXG 36 6 13C N

JC~G 36 6 13{ N

~CVKG 36 6 X 13( N

~CVKG 366 13( N

~G]KG 36 6 13C N

~CJKG 366 13( N

+tGJKG 366 13( N

~H UNITS NA

~H UNrTS NA

~CVKG 1800 X NA

~ACVKG 0 6 X N

G/KG o 6 x N

~GJKG 0 002 0 ; N

~,tGJKG 51 3 600( N

~tGJKG 114 1200( N

~4CVKG 114 1200( N

=.tG]KG 114 1200( N

MC~KG 114 120C< N

k~GtKG 114 1203< N

~C~KG 114 ~20~ N

MGJKG 1~4 X 12004 N

MC~+KG 114 12004 N

MGJ’KG 11~ 120001 N

MGJKG 11~ 12000¸ N

MCt/KG 114 12000 N

876

p It4754j%cU2 NE ~¢teeol~g T~4es~ls Subsud~ce F~J ~17
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