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FOREWORD

The Department of the Navy developed the Navy Installation Restoration (IR)
program to identify, assess, and clean up or control environmental contamination
from past hazardous waste disposal operations and hazardous material spills at
Navy and Marine Corps installations. The Navy IR program is a component of the
Defense Environmental Restoration Program, which is codified in Superfund
Amendments and Reauthorization Act (SARA) Section 211.

The Navy IR program uses a six-phase approach to manage past disposal sites.
Phase I, the Preliminary Assessment (PA), consists of collecting and reviewing
all available evidence of contamination that may pose a potential threat to human
health or the environment. Phase II, the Site Inspection (SI), augments data
collected in the PA through sampling and field data to determine if further
investigation is required. Phase III, the Remedial Investigation (RI), is a
field effort to collect sufficient information to characterize sites for
development and evaluation of remedial responses. Phase IV, the Feasibility
Study (FS), involves selecting remedial alternatives based on cost, environmental
effects, and engineering feasibility. Phase V, the Remedial Design (RD),
includes design of remedial technologies selected in the FS. Phase VI, the
Remedial Action (RA), implements the RD.

This report outlines the results of an Extended Site Inspection (ESI) at the
Marine Corps Recruit Depot (MCRD), Parris Island, South Carolina. Questions
regarding this report should be address to the Southern Division, Naval
Facilities Engineering Command (SOUTHNAVFACENGCOM) Engineer-in-Charge, Wayne
Hansel, at (803) 743-0615.
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EXECUTIVE SUMMARY

This Extended Site Inspection (ESI) was conducted to evaluate whether the
consumption of fish and shellfish caught by recreational fishermen in the
vicinity of the Causeway Landfill at the Marine Corps Recruit Depot (MCRD) Parris
Island, South Carolina, poses a risk to human health. Fish and shellfish
commonly harvested in the area were sampled and analyzed to determine if tissue
levels exceeded action levels established by the U.S. Food and Drug Administra-
tion (USFDA).

The Causeway Landfill is approximately 0.8-mile long and connects Parris Island
and Horse Island at MCRD. It is a 10-acre area about 10 feet high and 60 feet
across with a 2-lane gravel road along the center. It was constructed from solid
waste, other debris, fill dirt, and reportedly, hazardous wastes across the tidal
marsh of the Broad River and Ribbon Creek and was the major MCRD disposal area
between 1960 and 1972. 1In 1975, culverts and tidal locks were installed to
improve circulation through the sides of the causeway. Fishing piers were also
constructed on the pond side of the causeway and these are actively used by
recreational fishermen, although the area is not used for shellfishing.

Previous investigations at the Causeway Landfill indicated that although leaching
of contaminants from the causeway was likely, surface water and sediment samples
analyzed for priority pollutants, (volatile organic compounds, acid and base-
neutral extractable organics including polychlorinated biphenyls (PCBs) and
pesticides, total metals, and extraction procedure (EP) toxicity metals)
suggested that no further study was necessary because no significant contamina-
tion was found in either medium. However, based on requests from the U.S.
Environmental Protection Agency (USEPA) and the South Carolina Department of
Health and Environmental Control (SCDHEC), the current study was undertaken to
determine if tissue contaminant levels exceeded USFDA action levels thereby
indicating a risk to human health.

The KEMRON Environmental Services, Inc. (KEMRON), 1990 workplan was modified
slightly for this study to apply appropriate sample matrices that would allow the
data to be readily compared with available regional and State data. The number
of samples proposed was also increased to provide additional data so that a
specific comparison of results from the pond and tidal creek sides of the
causeway could be completed. During the period November 20 to 25, 1991, fish and
shellfish were collected on both sides of the Causeway Landfill and shipped to
the laboratory for anmalysis. Striped mullet, summer flounder, blue crab, hard
clams, and American oyster were sampled providing tissue samples for a wide range
of trophic levels and feeding guilds. The results of the laboratory analysis of
these tissue samples indicated that the observed levels of tissue contaminants
were well below USFDA action levels, although these are only available for a few
selected chemicals. However, a review of the applicability of these USFDA action
levels determined that they are designed to protect the public from fish shipped
in commercial commerce and reflect a balance between adverse risk from fish
consumption and economic impacts on fisheries that may result from an advisory
or closure. These action levels may not be adequately protective for the
recreational fishermen at the Parris Island Causeway Landfill.
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1.0 INTRODUCTION

1.1 BACKGROUND. In accordance with the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) of 1980 amended by the 1986 Superfund
Amendments and Reauthorization Act (SARA), and as directed in Executive Order
12580 of January 1987, the Department of Defense (DOD) conducts an Installation
Restoration (IR) program for evaluating and remediating problems related to
releases and disposal of toxic and hazardous material at DOD facilities. The
Naval Assessment and Control of Installation Pollutants (NACIP) program was
developed by the Navy to implement the IR program for all Naval and Marine Corps
facilities. The NACIP program was originally conducted in three phases: (1)
Phase I, Initial Assessment Study (IAS), (2) Phase II, Confirmation Study
(including a Verification Step and Characterization Step), and (3) Phase III,
Planning and Implementation of Remedial Measures. The three-phase IR program was
modified in 1987 and 1988 to be consistent with CERCLA and SARA. The updated
nomenclature for the Remedial Investigation/Feasibility Study (RI/FS) process is
as follows:

. Preliminary Assessment and Site Inspection

. Remedial Investigation

. Feasibility Study

. Planning and Implementation of Remedial Design

In addition to these programs, military installations are subject to regulations
promulgated by the 1976 Resource Conservation and Recovery Act (RCRA) and the
1986 Hazardous and Solid Wastes Act. Southern Division of Naval Facility
Engineering Command (SOUTHNAVFACENGCOM) has the responsibility for enforcement
of the Navy IR program in the southeastern United States.

As a component of the IR program, two previous investigations were performed to
assess potential threats to human health at the Causeway Landfill on the Marine
Corps Recruit Depot (MCRD), Parris Island, South Carolina. These investigations
included the 1985 IAS (Naval Energy and Environmental Support Activity [NEESA],
1986) and the 1990 Verification Study (NEESA, 1988). The history of the Causeway
Landfill and environmental investigation is shown in Table 1-1. The IAS
concluded that leaching of contaminants from the site into adjacent marsh areas
was likely, due to tidal flushing of the filled materials (NEESA, 1986). The IAS
was the functional equivalent of a CERCLA preliminary assessment. Subsequent
surface water (eight samples) and sediment sampling (eight samples) along the
causeway during the Verification Study in 1988 (now termed Site Inspection)
suggested that no further study of the site was necessary because no significant
contamination was detected in either medium. The sediment samples were analyzed
for priority pollutants including volatile organic compounds (VOCs), acid and
base-neutral extractable organics including polychlorinated biphenyls (PCBs) and
pesticides, total metals, and extraction procedure (EP) toxicity metals. Surface
water samples were analyzed for similar parameters. The results of these assays
indicated that no priority pollutant VOCs were detected in either medium. In
addition, heavy metal concentrations did not exceed U.S. Environmental Protection
Agency (USEPA) ambient saltwater criteria or USEPA Drinking Water Standards.
However, the USEPA and South Carolina Department of Health and Environmental
Control (SCDHEC) asked that an additional study at the site be conducted. Because
waters around the Causeway Landfill are used for recreational and/or subsistence
fishing, an Extended Site Inspection (ESI) was recommended to determine if humans

Parrisls ESI
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Table 1-1
Site History

Extended Site Inspection
Causeway Landfill, MCRD
Parris Island, South Carolina

November 1991

Dates Activity
1960 - 1966 Causeway Landfill was the major recipient of solid waste
: ' generated by MCRD.

1966 - 1968 Causeway Landfill was inactive

1969 - 1972 Causeway Landfill received all of the MCRD’s solid waste as well
as incidental hazardous wastes or materials.

1972 Compiletion of the Causeway Landfill across the marsh

1975 Culverts and locks installed at two locations to partially recon-
nect the impounded area pond with the estuary via tidal creeks.

1985 Initial Assessment Study (IAS)

1988 Verification Study including surface water and sediment sampling

1990 KEMRON prepared workplan for Extended Site Inspection (ESI)

1991 ABB-ES contracted under CLEAN CTO No. 33 to conduct ESI

Field sampling of fish and shellfish from waters adjacent to the
Causeway Landfill.

Notes: MCRD = Marine Corps Recruit Depot.
KEMRON = KEMRON Environmental Services, Inc.
ABB-ES = ABB Environmental Services, Inc.
CLEAN = Comprehensive Long-Term Environmental Action, Navy.
CTO = contract task order.
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consuming fish and shellfish from the water surrounding the causeway are at risk.
In 1990, KEMRON Environmental Services, Inc. (KEMRON), prepared a workplan for
such a study.

ABB Environmental Services, Inc. (ABB-ES), was contracted under the Comprehensive
Long-term Environmental Action, Navy (CLEAN) contract (contract number N62467-89-
D-0317, Contract Task Order Number 33 [CTO No. 033]) to conduct an ESI at the
Causeway Landfill by (1) sampling selected biota, (2) analyzing tissue samples,
and (3) preparing an ESI report summarizing the data and evaluating any potential
risk to public health from the consumption of fish and shellfish by comparing
detected concentrations with the U.S. Food and Drug Administration (USFDA) action
levels.

1.2 SITE DESCRIPTION. MCRD Parris Island is located 1 mile south of the city
limits of Port Royal and about 3 miles south of the City of Beaufort, in the
southeastern corner of South Carolina (Figure 1-1). The MCRD consists of 8,047
acres, of which 3,274 acres are dry land, 4,344 acres are salt marsh, and 429
acres are saltwater creeks and ponds (NEESA, 1986).

The Causeway Landfill, also referred to as Site 3, is located at the MCRD, Parris
Island, South Carolina. The Causeway Landfill site is approximately 0.8-mile

long and connects Parris Island and Horse Island (Figure 1-2). At its
completion, the Causeway Landfill consisted of a 10-acre area approximately 10-
feet high. A two-lane gravel road was constructed along the center of the

Causeway. The Causeway was constructed of solid wastes and fill dirt across the
tidal marsh of the Broad River and Ribbon Creek and was the major Depot disposal
area between 1960 and 1972. Between 1969 and 1972, the site received all the
MCRD's solid wastes. In addition to trash, other solids and reported hazardous
wastes were potentially disposed at the Causeway via MCRD dumpsters and trash
cans (Table 1-2). Wastes remaining uncovered during daily causeway construction
activities were burned each night.

Upon completion of the causeway, the area between the causeway and Scout Island
became a saltwater impoundment. To improve drainage and control of water height
and flow from the pond to Broad River, culverts and locks were installed through
the sides of the causeway in 1975. At the time of excavation and installation
of the culvert, only typical domestic trash was encountered (NEESA, 1986).

1.3 PURPOSE. The results of the 1986 IAS conducted at the Causeway Landfill
suggested that leaching of contaminants from the site into the adjacent marsh
areas was likely because of tidal flushing of the filled materials (NEESA, 1986).
Based on the results of the Verification Study, it was recommended that no
further study of the site was necessary because no significant contamination
(i.e., contaminants in surface water were below USEPA criteria) was detected in
either surface water or sediment. However, USEPA and SCDHEC requested an
additional study at the site to evaluate possible uptake and bioconcentration by
aquatic biota subject to potential human consumption.

As part of the ESI, a field sampling program was conducted in November 1991 to
collect aquatic biota from the marsh areas adjacent to the Causeway Landfill.
Marine and estuarine animals were collected from four general locations at the
Causeway including the waters adjacent to the two fishing piers (Pl and P2) on
the pond side of the causeway, and the waters adjacent to the tide gates (TGl and
TG2) that are directly opposite each of the piers on the other side of the

Parrisls.ESI
FGB.08.93 1-3



/{\ FLORIDA

SOURCE: NEESA, 1966

\, ’VJ) VIRGINIA (f‘b
KENTUCKY N @ ROANOKE
/ NORFOLK e
/‘/ ey,
TENNESSEE A
NOXVILLE ./lfj NORTH * RALEIGH
/J CAROLINA
— @ ASHVILLE
J @ CHARLOTTE
§ o-‘——-—-—————\‘
l — \ —_—
( SOUTH N
. CAROLINA \
\ * COLUMBIA
* ATLANTA \\_ (Jﬁ
® AUGUSTA QQ
GEORGIA \\
® MACON ‘k ® CHARLESTON
MCRD, PARRIS ISLAND, SC
SAVANNAH @
/\\Q
Y\;
,\\/
Y~
% TALLAHASSEE ® JACKSONVILLE 0 80 160
——
SCALE MILES

FIGURE 1-1

GENERAL LOCATION OF THE MARINE
CORPS RECRUIT DEPOT

EXTENDED SITE INSPECTION

% MARINE CORPS RECRUIT DEPOT
) CAUSEWAY LANDFILL,
7 PARRIS ISLAND,
SOUTH CAROLINA




b, S

POV IO R 22 A

{

UL NS
.a::_._:..
(3! !
r_\mw wf..:..tuf
,\ T
M.—vmt_ ... v .
\u./.;w..,‘ 4 ’\.OC ..‘
ke
e M T

Yl . .5A~.4 W‘. %4.
oy L

. L/

Y

. [

TRTAARY]

o “ L5b

evasveunal -—

4,000 FT

AShant

2,000

EXTENDED SITE INSPECTION

1,000

SOURCE: KEMRON, 1990

2

FIGURE 1

SITE LOCATION

PARRIS ISLAND,
SOUTH CAROLINA

-d
=
u.
[a]
=
g
-l
>
<q
=
w
[72]
2
<
O




Table 1-2
Summary of Waste Deposited at Causeway Landfill (1960-1972)

Extended Site Inspection
Causeway Landfill, MCRD
Parris Island, South Carolina

Waste Types Estimated Totals Source
Domestic trash 50,000 tons Entire depot
Construction debris Unknown Unknown
Solid paint wastes' 28.2 tons Paint shop
Empty pesticide containers 20,000 Pest control shop
Cleaning rags® 3tons Garages and shops
Spent absorbent 2 tons Automobile hobby shops
Solvent sludge® 32 pounds Automobile hobby shops
Perchioroethylene still bottoms 5,600 gallons Dry cleaning plant
Mercury amalgam 2 tons Dental clinic
Beryllium waste 3 pounds Dental clinic
PCB-contaminated oil 15 pounds Electrical shop

Source: NEESA, 1986.
! Solid paint wastes consist of used brushes, rollers, rags, cans, and spray booth scrapings and skimmings.
2 Cleaning rags contaminated with oil, mineral spirits, and kerosene.

% Solvent consisted of equal amounts of aliphatic petroleum and chiorinated solvent compounds.

Note: PCB = polychlorinated biphenyls.

Parrisis.ES|
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causeway (Figure 1-3). Upon completion of the field work, biological tissues
were analyzed for inorganic compounds (mercury), organic polynuclear aromatic
hydrocarbons (PAHs), PCBs, and pesticides. These analyses were selected based
on the types of constituents potentially present at the site, (i.e., present in
the causeway fill material), their persistence, and their tendency to biomagnify.

The purpose of this report is to present the results of the field sampling and
laboratory analyses conducted as part of the ESI study and to compare these
results to existing USFDA action levels and to data for other reference areas in
the region where historic data are available to assess the potential risks to
recreational fishermen.

Parrisls.ES|
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2.0 TECHNICAL APPROACH

This study was conducted, in general, according to the workplan developed by
KEMRON (1990) entitled, Extended Site Inspection Workplan, The Causeway Landfill,
MCRD, Parris Island, South Carolina. ‘Because both USEPA and SCDHEC had
previously reviewed and approved this workplan, ABB-ES was directed to follow
this workplan to carry out the ESI. The following subsections describe the
sampling plan (including any changes to KEMRON’s Workplan). The actual locations
of samples collected were finally determined by the temporal and spatial
availability of target species and limited site access related to tidal
conditions, boat availability, restrictions due to use of the firing range, and
the presence of endangered or threatened species that precluded the use of an
outboard motor on the pond side. In each case, samples were collected as close
as possible to the four stations originally proposed (Figure 1-3).

Field collection methods used to collect each species of fish and shellfish and
laboratory analytical methods used to measure chemical concentrations in tissues
are also described. Tissue sampling preparation and laboratory analysis for each
class of compounds (i.e., PAHs, PCBs, pesticides, and mercury) are described in
Section 2.2

2.1 SAMPLING PLAN. As outlined in KEMRON's workplan, six species were proposed
for collection and analysis: mullet, crabs, clams, oysters, shrimp, and an
additional fish species (if available). These species were selected because they
represent the primary species harvested in the local area for human consumption.
These species also represent different food webs and trophic levels and,
therefore, provide a broad range of biological indicators.

Based on a site visit conducted by ABB-ES on July 10 and 11, 1991, as well as
subsequent discussions with the Engineer-in-Charge and the analytical laboratory,
the KEMRON workplan was slightly modified. The workplan was modified only where
it could easily be changed to provide useful data without requiring additional
review. Changes to the workplan included: identifying sampling locations,
increasing the number of field samples and quality control samples, and
specifying more appropriate laboratory analyses for the study.

KEMRON'’s workplan did not specify sampling locations except to say that samples
would be taken on each side of the causeway. Four specific sampling locations
(P1, P2, TGl, and TG2) were proposed by ABB-ES (see Figure 1-3). These locations
were identified because they represent the areas where most fishing occurs.
These four locations would also permit possible discrimination of contamination
among these locations. The revised sampling plan partitioned the site into four
general sampling areas, and added a field replicate and quality control samples.
The revised sample matrix is presented in Table 2-1.

As part of the project planning process, a scientific collection permit (No.
0502, dated October 21, 1991) was obtained from the South Carolina Wildlife and
Marine Resources Department to conduct fish and shellfish sampling in the waters
surrounding the Causeway Landfill. Also, information on other sampling programs
e.g., State of South Carolina and National Oceanic and Atmospheric Administration
[NOAA]) was collected for comparison with the ESI study results.
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Table 2-1

Planned Number of Samples to be Collected and Analyzed

Extended Site Inspection
Causeway Landfill, MCRD
Parris Island, South Carolina

Sample Location'

Species FR? Qc? Total
P1 P2 TG1 TG2
Fish*
Muscle 3 3 3 3 1 7 24
Liver 3 3 3 3 1 7 24
Mullet
Muscle 3 3 3 3 1 7 24
Liver 3 3 3 3 1 7 24
Crab 4 4 4 4 1 7 28
Clam 4 4 4 4 1 7 28
Oyster 4 4 4 4 1 7 28
Shrimp 4 4 4 4 1 7 28
Total 208

' P1 = Pier 1, P2 = Pier 2, TG1 = Tide Gate 1, and TG2 = Tide Gate 2.
2 FR = field replicats if sufficient sample material can be collected.
*Qc = quality control samples proposed inciude procedural blanks, matrix spike, and standard reference materials.
* One additional recreationally important fish will be collected depending on capture rates.
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2.2 FIELD SAMPLING METHODS. Fish and shellfish samples were collected as close
as practicable to the four stations identified in the Plan of Action for this
task order (Figure 1-3); one by each fishing pier (Pl and P2) on the pond side
and one by each tide gate (TGl and TG2) on the marsh side of the causeway. These

stations, particularly Pl and P2, were close to the areas subject to the greatest
fishing pressure.

2.2.1 Fish Sampling Methods A variety of fishing gear was used to collect
biological samples for tissue analysis (Table 2-2). Gear was selected based on
target species behavior or habitat as well as the results of a preliminary site
visit conducted to clarify site conditions and logistical constraints.

: _ Table 2-2
Summary of Sampling Gear Used to Collect Fish and Shellfish

Extended Site Inspection
Causeway Landfill, MCRD
Parris Island, South Carolina

Target Species

Gear Type ;
Mullet Fish Crab Clam Qyster Shrimp

Gill net’ X X X

Cast net’ X X X X
Crab trap® X

Trot line* X

Rake X X

Hand X

' The gill nets used were experimental gill nets with stretched mesh size ranging from 1.5 to 4 inches. Gill nets were
deployed to minimize by-catch, avoid interference with anglers, and to minimize entanglement by diving birds.

2 An 8-foot (muliet) and a 6-foot (shrimp) cast net were used.

% Crab traps were a standard local variety of vinyl-coated wire.

* Trot lines were simple baited hooks used locally for crabs.

Fish were collected using experimental gill nets and cast nets. Two experimental
V (variable mesh size) gill nets were fabricated from five, 15-by-6 foot panels
of 1.5-, 2-, 3-, 3.5- and 4-inch stretched monofilament net. The two cast nets
used included a 6-foot diameter shrimp net and an 8-foot diameter mullet net.
The cast nets were deployed either from the pier or from a small johmboat. Gill
nets were deployed from the small johnboat, anchored in place, and marked with
floats.

Gill nets were deployed about 100 feet from each pier on the pond side of the
causeway parallel to the shore in order to avoid interference from recreational
cast nets and angling gear. Gill nets were not deployed in the tidal creeks due
to hangs (snags), limited access, and tidal conditions. Cast nets were used
primarily from boats at high tide on the tide gate side where oyster beds and
rubble prevented deployment of cast nets from the tide gates, and made deployment
of gill nets difficult. Cast nets were deployed on the tide gate side starting
at the gate or as close to the gate as the boat could reach and moved outward
until either the sample was collected or collection efforts were limited by tide,
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daylight, or boat availability. Cast nets were also cast on the pond side from
the fishing piers. Striped mullet (Mugil cephalus) were collected with both cast
nets and experimental gill nets. Mullet were available on both sides of the
causeway.

Based on the results of the first few gill net deployments on the pond side, the
summer flounder (Paralichthys dentatus) was selected as a second fish species to
be collected. Flounder were selected because they were present in sufficient
numbers on the pond side, are likely to be resident in the pond for considerable
periods of time, are high on the food chain (likely to biocaccumulate contami-
nants), and are targeted by local fishermen. Summer flounder was the only large
predatory fish captured in any number (sufficient numbers of other fish species
were not available). Despite considerable effort, only one specimen was caught
on the tidal creek side. Summer flounder are probably only marginally vulnerable
to cast nets due to high burst speed swimming behavior.

2.2.2 Shellfish Sampling Methods Shellfish samples of crustaceans and mollusks
included blue crabs, hard clams, and American oysters. Shrimp were not available
in sufficient abundance during the sampling period due to declining water
temperatures and either reduced activity or migration to deeper waters. White
shrimp (Penaeus setiferus) are very susceptible to low temperatures (Anderson and
Lunz, 1965).

Blue crabs (Callinectes sapidus) were fished using gill nets, cast nets, crab
traps, and trot lines (baited hooks). Crabs were collected on the pond side from
the gill nets deployed about 100 feet from Pl and P2. Because gill nets could
not be readily deployed on the tidal creek side of the causeway, efforts were
made to use trot lines and traps in proximity to TGl and TG2 and additional
efforts were made at both tidal streams on the tidal creek side using cast nets.

Hard clams (Mercenaria mercenaria) were collected using a four-tined long handle
rake or shorter three-tined short handled garden tool. Efforts were initially
directed at the sample stations; however, based on lack of sampling success these
efforts were extended outward from the proposed sample stations to those areas
having indications of clams (shell, siphon evidence, or appropriate habitat
conditions).

American oysters (Crassostrea virginica) were collected using either a long-
handled, four-tined hand rake, three-tined short handled garden tool, or by hand,
depending on the habitat. The tide gate stations had some hard substrate in
proximity to the gates; however, beyond the gates oysters were found on mud flats
or shell banks. On the pond side, oysters were removed by hand from hard, rubble
substrate near the causeway. Oysters were found in the intertidal habitats on
the tidal creek side of the landfill and subtidally on the pond side of the
causeway.

Sampling for shrimp was limited to cast nets deployed either from the fishing
piers, tide gate structures, or from a small Johnboat deployed in the pond or
tidal streams. The soft, "quicksand-like" composition of mud on the tidal creek
side made it impossible to sample from shore on the tidal creek side of the
causeway. Shrimp were not collected during this field effort.

Procedures used for‘sample collection, handling, and shipping are included in
Appendix A-1. A complete data package including all field and laboratory chain-
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of-custody forms are contained in the project files. The only variance with
these procedures was the storage of samples at the base ice house until Monday,
November 25, 1991, when they were all shipped to the laboratory. However, all
samples were packed on dry ice in the field and while in cold storage (<-20
degrees Celsius [°C]). This modification was made due to limited access to dry
ice and transit time to late evening shipping points.

2.3 LABORATORY ANALYTICAL METHODS. The list of analytes and methods proposed
by KEMRON (1990) were USEPA RCRA procedures (SW846 Methods) that was developed
primarily to identify and quantify the hazardous substances present in soil,
solid waste, and groundwater at hazardous waste sites or RCRA units. These
methods were optimized for soil or solid waste matrices and not intended for
tissue analyses. These methods include the following: semivolatile organics
(Method 8250),- polynuclear aromatic hydrocarbons [PAH (Method 8100)], PCBs,
chlorinated pesticides (Method 8080), and mercury (Method 7471).

For this study, however, ABB-ES used the analytes and methods that are used in
the Mussel Watch Project and Environmental Monitoring and Assessment Program
(EMAP). These methods have been developed specifically for the analysis of these
contaminants in marine shellfish and fish tissue, and the list of analytes have
been carefully selected as contaminants of importance in marine and estuarine
resources. These methods, by and large, offer greater sensitivity, accuracy, and
precision in animal tissues than do the comparable SW846 methods and provide more
valuable information for the purposes of this study. The method used for mercury
analysis is a new Mussel Watch method that uses microwave digestion, and has been
fully validated in the Mussel Watch Project (NOAA, 1989). The proposed methods
for organic pollutant analysis have also been thoroughly validated, have been
used for several years in the Mussel Watch project, and were recently adopted for
use in the USEPA EMAP national monitoring program (USEPA, 1992). Using these
methods not only provides high-quality data, but also provides data that can be
confidently compared to data generated in these other national monitoring
programs, including data from sites in the South Carolina coastal environment.
Because no reference samples were proposed for this study, the availability of
these comparable data was essential.

Table 2-3 lists the analytical parameters for the inorganic (mercury) and organic
(PAH, PCB, and pesticide) analyses, along with the associated Method Detection
Limits (MDLs). Table 2-3 All sample processing and analysis methods were
performed according to the procedures used in the Mussel Watch. Laboratory
analyses were performed by Battelle Ocean Sciences, Duxbury, Massachusetts.
Validated protocols and standard operating procedures (SOPs) were followed in all
relevant aspects of this work. A list of some of the pertinent SOPs used in
conducting this work is presented in Appendix A.

2.3.1 Preliminary Laboratory Sample Preparation Preliminary sample processing
was conducted in a flow-through hood to minimize atmospheric contamination.
Bivalve mollusks (oysters and clams) were shucked, and all the tissue from the
animals that constituted one sample were placed in a precleaned glass jar. The
tissue samples for analysis from the fish (mullet and flounder) was liver tissue
and edible fillet tissue as presented in the original KEMRON (1990) workplan.
Mullet and summer flounder were carefully filleted, and the liver and edible
tissue fillets isolated and placed in precleaned glass jars. The bivalve and
fish tissue were thoroughly homogenized using an Omni™ homogenizer. Crabs that
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Table 2-3
Analytical Parameters and Method Detection Limits (MDLs)
Extended Site inspection
Causeway Landfill, MCRD
Parris Island, South Carolina
Parameter Method Detection Li1mit
(ng/g dry weight)
Polycyclic Aromatic Hydrocarbons
Naphthalene 11.39
2-methyinaphthaiene 14.21
1-methyinaphthalene 13.99
Biphenyl 18.49
2,6-dimethylnaphthalene 16.41
Acenaphthylene 15.77
Acenaphthene 14.35
1,6,7-trimethyinaphthalene 14.01
Fluorene 13.17
Phenanthrene 18.18
Anthracene 13.36
1-methylphenanthrene 24.37
Fluoranthene 30.38
Pyrene 28.04
Benzo[a]anthracene 25.54
N Chrysene 26.44
\ Benzo[b]fluoranthene 46.94
Benzo[k]fluoranthene 31.55
Benzo[e]pyrene 2412
Benzof[a]pyrene 2478
Perylene 29.72
Indeno([1,2,3-c.d]pyrene 12.08
Dibenzo[a,h]anthracene 17.25
Benzoig,h,i]perylene 22.28
Chlorinated Pesticides
Hexachlorobenzene 2.35
Lindane (gamma-BHC) 1.89
Heptachlor 3.17
Aldrin 1.42
Heptachiorepoxide 1.18
2,4-DDE 0.79
cis-Chlordane 1.36
trans-Nonachlor 1.45
Dieldrin 2.36
4,4'-DDE 1.75
2,4-DDD 2.20
Endrin 7.35
4,4'-DDD 2.36
2,4-DDT 1.75
4,4-DDT 8.15
Mirex 2.68
See notes at end of table.
Parrisls ES!
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Table 2-3 (Continued)
Analytical Parameters and Method Detection Limits (MDLs)

Extended Site Inspection
Causeway Landfill, MCRD
Parris Island, South Carolina

Method Detection Limit

Parameter (ng/g dry weight)'

Mercury
Mercury *1to 11

Polychlorinated Biphenyls
Cl,(8) 6.75
Cl,(18) 4.02
Cl,(28) 2.79
Ci,(52) 5.13
Cl,(44) 258
Cl,(66) 1.33
Cls(101) 1.93
Cl,(77) 3.07
Cly(118) 1.72
Cls(153) 1.24
Cl5(105) 1.10
Cl,(138) 2.79
Cl;(126) 3.01
Cl,(187) 2.23
Cls(128) 0.80
Cl,(180) 1.38
Cl,(170) 5.55
Clg(195) 1.61
Cly(206) 1.73
Cl,,(209) 5.20
Aroclor 1016/1242 20
Aroclor 1221 20
Aroclor 1232 20
Aroclor 1248 20
Aroclor 1254 20
Aroclor 1260 20

! Polynuclear aromatic hydrocarbons (PAH), pesticide, and polychlorinated bipheny! (PCB) congener
MDLs were determined by Battelle in Phase 6 (1991) of the National Status and Trends (NST) Mussel
Watch Project. These organic MDLs were determined using seven replicate oyster tissues, with an
average tissue dry weight of 2.23 grams.

The range of mercury MDLs in this study. Separate mercury MDLs were determined for each batch.

Note: ng/g = nanograms per gram.
DDE = dichlorophenyl dichloroethylene.
DDD = dichlorophenyl dichioroethane.
DDT = dichlorophenyl trichloroethane.
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represented one sample were processed by placing them whole in a precleaned
Waring™ blender, and homogenizing. The homogenate was then placed in a
precleaned glass jar for storage. The tissue homogenate was used for PAH, PCB,
pesticide, and mercury analyses.

2.3.2 Polynuclear Aromatic Hydrocarbons (PAHs), polychlorinated biphenyls (PCB),
and Pesticide Analysis The analytes determined in the organic analyses are

listed in Table 2-3, along with their respective detection limits. All sample
processing and analysis methods for organics was performed according to the
procedures used in the Mussel Watch Project (NOAA, 1989).

2.3.2.1 Tissue Sample Preparation An aliquot of approximately 30 grams (g) (wet
weight) was taken from the tissue homogenate for organic compound analysis. At
this time, a separate 5-g aliquot of the homogenate was removed for dry-weight
determination. The appropriate surrogate internal standards (SIS) were added to
the 30-g subsample to allow accurate measurement of target organic compounds.
The PAH surrogate compounds were dg.naphthalene, d,;.acenaphthene, and 4,,.
benzo[a]pyrene. The PCB and pesticide surrogate compounds were dibromo-
octafluorobiphenyl (DBOFB), and tetrachloronaphthalene (TCN). Sodium sulfate was
added to absorb water from the sample to facilitate extraction with organic
solvent. The homogenate was macerated twice for 2 minutes each with a
Tissumizer™, using methylene chloride (DCM) as the extraction solvent. The
sample was centrifuged between the extractions, and the solvent decanted into a
precleaned, labeled Erlenmeyer flask. After the two maceration steps, DCM was
added to the sample and the jar was shaken for approximately 30 minutes. Once
again, the sample was centrifuged and the solvent decanted into the Erlenmeyer
flask. A 10-ml aliquot was removed from the combined extract and was dried for
lipid-weight determination. The combined extract was passed through a 20-g
alumina cleanup column and concentrated, using Kuderna-Danish (KD) techniques
followed by gentle evaporation with nitrogen gas, to a final volume of
approximately 900 microliters (uf). The volume of the concentrated extract was
measured exactly with a syringe, and 600 uf were processed by size-exclusion
high-performance liquid chromatography (HPLC) (the remaining 300 ulf were
archived). The HPLC cleanup step was calibrated by using standards containing
lipid, sulfur, and the first and last eluting analytes of interest.

After HPLC fractionation, the extract was concentrated to approximately 500 uf
using nitrogen gas evaporation methods, spiked with recovery internal standards

(to allow the determination of SIS recovery), and split for the two separate
analyses [PAHs by gas chromatography with mass spectrometry (GC/MS) and PCBs and
pesticides by gas chromatography and electron-capture detection (GC/ECD)]. The
extract intended for PCB and pesticide analysis was solvent-substituted with
isooctane, concentrated to 250 upf, and analyzed by GC/ECD. The portion of the
extract intended for PAH analysis remained in the extraction solvent, methylene
chloride, and was analyzed by GC/MS.

2.3.2.2 PAH Analysis Instrumental methods, maintenance, and quality control
(QC) related to the GC/MS analysis of samples for PAH were performed according
to a modification of USEPA Method 8270 (which in itself is an improvement over
Methods 8250 and 8100 for PAH analysis) using a 3-point calibration curve. The
modifications include the use of selected ion monitoring (SIM) to improve method
sensitivity and the use of surrogates as internal standards to improve method
accuracy. Analytes were quantified by the internal standard method by using dg-
naphthalene (for the quantification of naphthalene through acenaphthylene), d,,-
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acenaphthene (for acenaphthene through chrysene), and d,,-benzo[a]pyrene (for
benzo[b]fluoranthene through benzo{g,h,i]perylene) as the SIS. Just prior to
instrumental analysis, the recovery internal standards (RIS), djp;-biphenyl, d,4-
phenanthrene, and d,,-benzo[e]pyrene were added to the samples to measure
recovery of the SIS. Gas chromatographic separation was carried out on a 30-
meter (m) DB-5 capillary column (J&W Scientific, Inc.). The target analytes are
listed in Table 2-3.

2.3.2.3 PCB and Chlorinated Pesticide Analysis Instrument methods, maintenance,
and QC applicable to GC/ECD analysis of samples for pesticides and PCBs conformed
to guidance presented in laboratory SOPs. The Battelle method uses a 3-point
calibration curve and is a modification of USEPA Method 8080. This method
modification includes the use of capillary column chromatography for improved
analyte resolution and quantification of discrete PCB congeners using SIS for
improved accuracy. All analytes were quantified by the method of internal
standards using DBOFB and TCN as the SIS. Just prior to instrumental analysis,
the RIS tetrachloro-m-xylene (TCMX) was added to samples to measure recovery of
the DBOFB and TCN. Primary, quantitative analysis was carried out on a 30-m DB-5
capillary column (J&W Scientific, Inc.). Secondary qualitative confirmation
analysis was performed on 20 percent of the samples using a 30-m DB-17 capillary
column (J&W Scientific, Inc.). The target analytes are listed in Table 2-3.

2.3.3 Mercury Analysis. Mercury analysis is the only nonorganic analysis in
this study. The detection limit for the mercury analyses is listed in Table 2-3.

2.3.3.1 Tissue Sample Preparation Tissue samples were prepared and analyzed
using methods that have been developed for optimum performance with marine
samples. Tissue samples were homogenized, freeze-dried, and digested using
nitric acid and microwave heating. Teflon™ digestion vessels were used
throughout the processing steps to minimize laboratory contamination.

2.3.3.2 Mercury Analysis The analyses for mercury were performed by cold vapor
atomic absorption (CVAA).

2.4 QUALITY ASSURANCE/QUALITY CONTROL (QA/QC). Data generated during the ESI
required sufficient precision, accuracy and documentation to present a valid
characterization of the site and to serve as a basis for deciding whether this
site poses a threat to humans consuming fish and shellfish associated with the
site. A rigorous QC program was implemented for this study because little tissue
analysis work has been performed under NEESA guidelines. Both field and
laboratory QA/QC procedures were implemented as-part of this study.

2.4.1 Field Sampling Field QA/QC procedures included determining the locations
of sampling sites, selecting the appropriate sample collection methods for
different animals, obtaining the necessary boat and sampling equipment, and
identifying qualified sampling personnel. A senior field scientist monitored the
sample collection effort and was responsible for the custody and integrity of all
samples collected for chemical analyses.

During sample collection, Sample Collection Forms were completed and included
such information as location, sample identification, date, time, and person(s)
collecting the field sample. Sample labeling, chain-of-custody, and log-in
procedures adhered to SOPs. Sample collection forms were completed by the field
personnel and remained in the custody of the senior field scientist while in the
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field. Field chain-of-custody forms accompanied the samples when they were
shipped from the field to the laboratory. Upon receipt of the samples at the
laboratory, custody was released to the laboratory sample custodian who examined
the samples, verified that sample specific information recorded on the chain-of-
custody form was accurate, and logged in the received samples.

All samples were wrapped in aluminum foil and placed in Ziploc™ bags before being
shipped in coolers with dry ice by Federal Express to the laboratory. Upon
arrival at the laboratory, the sample custody was transferred to the Laboratory
Sample Custodian and all samples were stored at or below -20 °C until sample
preparation could begin.

2.4.2 Laboratory Analysis As much of the preliminary sample processing
(filleting of fish, shuéking of clams and oysters, and sample homogenization) as
practically possible was conducted in a flow-through hood to minimize atmospheric
contamination.

Level E QC of the NEESA guidelines were in effect for this study (NEESA, 1988).
NEESA Level E is functionally equivalent to the USEPA Contract Laboratory Program
(CLP) Data Quality Level V or "Special Analytical Services" to be used for the
application of "non-standard" (i.e., not CLP or SW846 methods) methods analysis
of unusual environmental matrices such as waste or tissue. Level E QC is also
suitable for the assessment of sites that are located away from a populated area,
not on the National Priorities List, and have a low probability of litigation.
The samples for this study were processed in seven analytical batches. Each
batch of 7 to 17 field samples also included 5 (PAH, PCB, and pesticide) or 7
(mercury) laboratory QC samples. These QC samples were as follows.

PAH, PCB, and Pesticide Analysis: One procedural blank, one matrix spike,
one blank spike, one blank spike duplicate, and one standard reference
material (SRM) sample were included with each of the seven batches of field
samples. Additionally, surrogate recoveries were tracked in all samples.

Mercury Analysis: Two procedural blanks, one matrix spike, one blank
spike, one blank spike duplicate, one laboratory duplicate, and one SRM
were included with each of the seven batches of field samples.

Laboratory QC sample criteria goals in effect for this work can be found in Table
A-2 in Appendix A.

All project documentation and data were reviewed by the laboratory’s QA unit.
This review included system inspections, performance data audits, and document
review.

2.5 COMPARISON WITH U.S. FOOD AND DRUG ADMINISTRATION (USFDA) ACTION LEVELS.
As specified in KEMRON's workplan, data were interpreted based on USFDA action
levels. Using this approach as specified, mean contaminant levels plus one
standard error of the mean are compared to USFDA levels. According to KEMRON's
workplan, if these levels are not exceeded, the aquatic fauna are deemed safe for
human consumption. It should be noted that although this approach can be used
as a screening tool, its application and utility are limited. The USFDA is
primarily responsible for regulating risks in foods sold in interstate commerce.
USFDA action levels are developed in response to national needs and are based on
national patterns of consumption that are often different than those of local
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sport or subsistence anglers. Furthermore, USFDA action levels are not solely
risk based but also consider the adverse economic impacts on commercial fishing.

Because USFDA action levels are available for only a few chemicals (Table 2-4)
and because there are uncertainties associated with this approach, contaminant
levels are also compared to regional data available through SCDHEC and the Mussel
Watch national monitoring program.

’ Table 2-4
Summary of U.S. Food and Drug Administration (USFDA) Action Levels

Extended Site Inspection
Causeway Landfill, MCRD
Parris Island, South Carolina

USFDA Action Level’

Chemical(s) (opm) Reference’

Aldrin and dieldrin 0.3 CPG 7141.01-B1,4/1/87
Chlordane 0.3 CPG 7141.01-B3, 11/20/89
DDT, DDE, and DDD 5.0 CPG 7141.01-B5, 4/1/87
Endrin ‘0.3 CPG 7141.01-B.7, 12/17/86
Heptachlor and heptachlor epoxide : ‘0.3 CPG 7141.01-B.9, 9/28/89
Mercury ‘1.0 CPG 7108.07, 11/6/84
Mirex | 0.1 CPG 7141.01-B.11, 12/17/86
Polychlorinated biphenyls (PCBs) 2.0 21 CFR 109.30

Toxaphene 5.0 CPG 7141.01-B.12, 12/17/86

! For fish, edible portion unless otherwise noted.
Food and Drug Administration, Compliance Policy Guides, FDA Action Levels for Unavoidable Residues in Food and
Animal Feed (1987) and 21 Code of Federal Regulations (CFR) 109.30.
Fish and shellfish specified.
Fish, shellfish, crustaceans, and other aquatic organisms.

Note: ppm = parts per million.
DDT = dichlorophenyl trichloroethane.
DDE = dichlorophenyl dichioroethylene.
DDD = dichlorophenyl dichloroethane.
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3.0 RESULTS

Field sampling methods and specific collection locations were briefly discussed
in Section 2.0. Field sampling results are presented in Section 3.1. Laboratory
analytical results are discussed in Section 3.2 for PAHs, PCBs and pesticides,
and mercury. Laboratory summary data tables can be found in Appendix B. Quality
control sample results are presented in Appendix C. .

3.1 FIELD SAMPLING RESULTS. Weather conditions were generally good during the
sampling effort, however, unexpected cold weather on Sunday, November 24, and
dramatically changed the water temperature and clarity of water on the pond side
of the Causeway Landfill and thereby altered species availability.

After several attempts to collect a sample or series of samples at a given
location had failed, due to either absence of target species, adverse weather or
tidal conditions, or practical constraints, it was necessary to terminate
sampling on that day at that site. If, based on initial collection effort,
adequate numbers of specimens were not available at the originally proposed site,
sampling efforts were moved outward from the originally proposed site until an
adequate sample was obtained or schedule constraints precluded further effort.

3.1.1 Fish and Shellfish Samples Collected

3.1.1.1 Mullet Mullet sample sites and the number of samples collected at each
site are shown in Figure 3-1 and Table 3-1, respectively. A total of 11 .mullet
samples were collected. Three samples were collected from Pl on the pond side
and one mullet sample was collected from P2. Two samples were collected at TG1,
and an additional mullet sample was collected approximately 1500-feet down the
tidal creek that leads from TG1.

One mullet sample was collected at TG2 and three additional mullet samples were
collected approximately 1,500 feet downstream from TG2. With the exception of
one specimen taken at TGl, all specimens were striped mullet.

3.1.1.2 Summer Flounder Four samples of summer flounder were collected from P1;
two flounder were collected from P2. Despite considerable effort on the two days
during which boat access was allowed on the tidal creek side of the causeway, it
was only possible to collect one flounder from TG2 using a mullet cast net.
Sample sites and the number of samples collected at each site are shown in Figure
3-1 and Table 3-1.

3.1.1.3 Blue Crabs Four blue crab samples were collected at both Pl and P2 and
a field replicate was collected at Pl (Figure 3-2). Two samples of crab were
collected about 1,500 feet from TG2 using cast nets, however, it was not possible
to obtain samples near TGl. The only sample collected at TGl was in a recently
molted (soft shell) condition and therefore not suitable for comparative
analysis. Total soak time (period of active fishing) for baited traps and trot
lines at TGl and TG2 exceeded 24 hours at each site.

3.1.1.4 Hard Clams At TG2, two hard clam samples were collected within 30 feet
of the tide gate and two additional samples as well as a field replicate were
collected about 800 feet further down the tidal creek on that side of the
causeway (Figure 3-2). No clams were found at TGl; however, two samples were
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Table 3-1
Numbers and Types of Sampies Analyzed

Extended Site inspection
Causeway Landfill, MCRD
Parris island, South Carolina

‘ Analytical Total Number of Samples
Species’ Sample Type
Batch No. Field Field Dup. Qc? Total’
Fish® 1 Muscle 6 R 5/7 12/14
2 Liver 6 3 5/7 12/14
Mullet 3 Muscle® 10 1 5/7 - 16/18
4 Liver® 9 1 5/7 15/17
Crab 5 Whole organism 10 1 5/7 16/18
Clam 6 Edible tissue 6 1 5/7 12/14
Oyster 7 Edible tissue 16 1 5/7 22/24
Total 63 7 34/49 105/119

1

The species used in this study were as follows.

Fish were summer flounder (Paralychtys dentatus).

Mullet were striped mullet (Mugil cephalus) except for TG2-FI-01, which was a southern species of mullet
{Mugilidae family) not redfish as indicated on the sample collection form.

Crabs were blue crab {Callinectes sapidus).

Clams were hard clam or quahog (Mercenaria mercenaria).

Ovysters were American/eastern oyster (Crassostrea virginica).

The laboratory quality control {QC) samples were as follows.

Organics: one procedural blank, one blank spike, one blank spike duplicate, one matrix spike, and one standard
reference material (SRM) with each of the seven batches.

Mercury: two procedural blanks, one blank spike, one biank spike duplicate, one matrix spike, one SRM, and one
laboratory duplicate with each of the seven batches. There were five and seven QC samples for each batch of
organics and mercury analysis, respactively.

The total number of samples listed reflects the number of QC samples for organic (first number) and mercury (second
number) analysis.

Includes six summer flounder and one southern mulliet species (a different mullet species than the fish that were
caught for the muliet sample matrix) sample.

Samples P1-FIM-ARCH (muscle) and P1-FIL-ARCH (liver) were reported as the field duplicate samples for the fish
matrix, however, these samples were treated as additional samples rather than duplicates.

There were 9 mullet liver and 10 mullet muscle samples. The livers were too small to accurately isolate from the fish
for one of the mullet samples.
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collected at about 600 and 800 feet down the tidal stream on this side. No clams

R . L PO W |

were found on the pona side aesplce considerable sampj.lng effort.

3.1.1.5 American Oysters A total of eight American oyster samples were
collected from subtidal rubble substrate at two locations between Pl and P2
(Figure 3-2). Four samples were collected from intertidal rocks and mud close
to TGl. Two samples and a field replicate were collected near TG2 and two
additional samples were collected about 500 yards up the tidal creek that
connects to TG2. The latter samples were collected from mud and shell banks.
Oysters collected on the pond side were much larger than those on the tidal creek
side of the causeway This was probably because these oysters are submerged for
a longer period of time, are found on hard elevated substrate rather than
directly on mud flats, and probably have access to a more food-rich environment.

3.1.1.6 Shrimp Efforts to collect shrimp using cast nets either from piers on
the pond side or from a small boat on the tidal gate side were unsuccessful.
Shrimp were not available in any abundance because of the cold temperatures.
Although shrimp were reported to have been caught in reasonable numbers up until
a week before sampling, the season had passed and only a few, not enough for a

15 Ak A 11 |
sample, were caught on the pond side. No shrimp were observed or collected on

the tidal creek side despite extensive cast net effort. Substantial recreational
and subsistence fishing during the survey period confirmed the absence of shrimp.

3.1.2 Sampling Constraints and Potential Consequences for Data Interpretation
Operational and logistical constraints as well as variations in habitat
conditions at the four sample locations all reduced the completeness of the
originally proposed sample collection matrix. These differences have potential
consequences for data interpretation.

Sample collection activities were constrained by access limitations, gear
restrictions, tidal conditions, and the presence of endangered species near the
site during the survey period. Restrictions on the tidal creek side were due to
limited boat availability, safety issues related to soft mud on the creek banks,
use of the firing range (tidal creeks are in the impact zone and access is
restricted during firing), and extreme tidal conditions (full moon) during the
survey period. Access to the tidal creek side of the causeway was not possible
during the November 22 to 25 sampling period due to activity at the range
(despite earlier coordination that indicated no firing was scheduled during this
week). Gill nets were not used on the tidal creek side because of the presence
of hangs and access limitations that raised concerns about net retrieval and
damage to natural resources. Additionally, recent sighting of a bald eagle on
the pond side precluded the use of a motor on the John boat, which increased the
time needed to sample on the pond side.

In addition, variations in physical circulation and habitat conditions between
the pond and tidal creek sides of the Causeway Landfill also influenced
collection plans by affecting species presence, distribution, size, abundance,
or exposure. The tidal creek side of the landfill is composed of a well-flushed
tidal creek habitat characterized by tidally-induced changes in water depth and
flow conditions and very soft mud embankments. In contrast, the pond side of the
landfill has restricted circulation and relatively constant water levels as a
result of the tide gates and coarser substrate composition.

Parrisis.ESI
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Some of the primary effects of the different environmental conditions include the
following:

* Oysters were found subtidally on hard artificial substrate on the pond
side and intertidally and primarily on mud flats on the tide gate side
of the causeway. :

. Clams were absent or considerably less abundant on the pond side of the
causeway.

* Residence time in proximity to the causeway for mobile crabs, mullet,
and flounder was probably much greater on the pond side of the
causeway.

These conditions and resulting effects on species distribution or the ability to
use certain gear types, precluded some of the location comparisons and eliminated
one species (shrimp) from the sample collection effort as originally planned.
However, five species representing a range of feeding types and trophic levels
were collected in adequate numbers to characterize fish and shellfish tissue
contaminant levels at the Causeway Landfill. '

3.2 LABORATORY ANALYSIS. A summary of the laboratory analytical results is
presented PAHs, PCBs, pesticides, and mercury in the following subsections.
Laboratory results are presented in summary tables in Appendix B. Data are
presented as both wet weight and dry weight concentrations. The significance of
these results is presented in Sections 4.3 and 4.4.

3.2.1 Polynuclear Aromatic Hydrocarbons (PAHs) The results of the field sample
analysis for PAHs are presented in micrograms per kilogram (ug/kg) dry weight,
which is equivalent to nanograms per gram (ng/g). The data for all 24 PAHs are
presented in Appendix B. The tables also include the sample dry weight, lipid
weight, and analytical batch number. Concentrations below the MDL are reported
if the analyst could confidently identify and quantify the analyte in that
particular sample, and are qualified with a "J". Additional data tables

presenting wet weight contaminant concentrations are also presented in Appendix
B.

With the exception of some of the liver samples, the PAH levels in the tissue
samples were generally low, with most PAHs either not detected at all or reported
at levels below the detection limit. Individual PAHs including naphthalenes,
phenanthrene, and/or fluorene were detected at levels slightly above the MDL in
flounder muscle, mullet muscle, crab, and clam tissue samples. Fluoranthene was
generally the most abundant PAH in the oyster tissue samples. Data tables D-1
through D-25 summarize the range of PAHs detected, the mean concentrations, and
frequencies of detection for each matrix.

Contaminant concentration, dry weight (moisture content), and lipid weight (lipid
content) data are reported with a low degree of confidence for 12 liver samples
and are considered estimates. Four flounder liver samples in Batch 2 (P1-FIL-03,
P1-FIL-ARCH, P2-FIL-02, and TG2-FIL-0l1) and eight liver samples in Batch 4 (P1-
MUL-01, P1-MUL-02, P1-MUL-03, TG1-MUL-02, TG2-MUL-01, TG2-MUL-02, TG2-MUL-03, and
TG2-MUL-DUP) had so little material available for sample processing that accurate
data could not be obtained. Because approximately 1 g or less of wet tissue was
used for the extraction of these liver samples (0.059 g for Pl-FIL-03, for
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instance), dry weights could not be determined individually. Average moisture
content from the other liver samples in the batch were therefore used to
calculate approximate dry weights. These dry weights may or may not have been
representative of these samples, and probably result in erroneous concentrations
of unknown discrepancy. Lipid content values of the liver samples are also
estimates because of the little tissue and lipid material extracted and used for
the determination. The lipid data for P1-FIL-03, for instance, indicated that
the sample was >100 percent lipid, which obviously is an error, and is a result

of not having enough material for the extraction and accurate lipid determina-
tion.

3.2.2 Polychlorinated Biphenyls (PCB) and Chlorinated Pesticides The results
of the field sample analysis for PCB and chlorinated pesticides are presented in
Appendix B in micrograms per kilogram (ug/kg) dry weight, which is equivalent to
ng/g. The data are presented for the 16 chlorinated pesticides, 20 individual
PCB congeners, and total PCB as the most predominant Aroclor. The tables also
include the sample dry weight, lipid weight, and analytical batch number (see
Appendix B). Tables summarizing wet weight conversions are also presented.
Concentrations below the MDL are reported if the analyst could confidently
identify and quantify the analyte in that particular sample, and are qualified
with a "J".

The total PCB (by Aroclor) determination was done using the sum of the areas
under the curve of each of the 20 congeners that could be reliably detected and
integrated. For this reason, peaks with areas that represented little in
individual congener concentration were used in the total PCB determination if
they could be reliably identified and integrated. On the other hand, a total PCB
value, by Aroclor, could not be determined unless sufficient numbers of congeners
were detected in the sample to identify an Aroclor pattern. In some instances
a few major congeners were identified, and reported, without being able to
identify an Aroclor. The most abundant Aroclor was identified by pattern
recognition and the response factor, determined using the detectable congeners
in the standard of the identified Aroclor, was applied to the sum of the areas
of all identified congeners to obtain a total PCB value. Congeners C1,(08),
€1,(77), Cl5(126), Cl,(170), and C1,,(209) were excluded from the total PCB
determination for both the Aroclor response factor and field sample total area
calculation (thereby not affecting concentration determinations), because these
congeners are susceptible to matrix interference. These congeners are relatively
minor in Aroclor 1254, which was the predominant Aroclor in all samples for which
Aroclors could be identified. However, C1,(170) and Cl;,(209) were included in
the total PCB determination for sample P1-FIL-01, after carefully reviewing the
chromatogram to ensure accurate determination, because this sample had a
significant contribution of Aroclor 1260 in addition to Aroclor 1254 (relative
contribution was estimated at a ratio of approximately 60:40 of Aroclor
1254:1260).

As with the PAH data, the PCB and pesticide concentration, dry weight (moisture
content), and lipid weight (lipid content) data for 12 liver samples should be
considered estimates, and are reported with a low degree of confidence. Four
flounder liver samples (Batch 2) (P1-FIL-03, P1-FIL-ARCH, P2-FIL-02, and TG2-FIL-
01) and eight mullet liver samples (Batch 4) (P1-MUL-01, P1-MUL-02, P1-MUL-03,
TG1-MUL-02, TG2-MUL-01, TG2-MUL-02, TG2-MUL-03, and TG2-MUL-DUP) had so little
material available for sample processing that accurate data could not be
obtained.
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As stated above, not all samples for which PCB congeners were reported in the
primary analysis could be reported as Aroclor. However, for samples with a
distinguishable PCB pattern, the pattern was more similar to that of Aroclor 1254
than any other Aroclor.

The dichlorophenyl trichloroethane (DDT) metabolite/degradation product 4,4'-
dichlorophenyl dichloroethylene (4,4'-DDE) was consistently the most abundant
pesticide. Other pesticides that were frequently determined to be present in
these samples include dichlorophenyl dichlorcethane (4,4'-DDD), trans-nonachlor,
cis-chlordane, and mirex. Summary statistics are presented for PCBs and
pesticides in Appendix D.

The PCB and pesticide data table for the oyster samples (Batch 7) includes the
sum of the 20 PCB congener concentrations, which generally represents between 40
and 60 percent of the total PCB in environmental samples. An approximate total
PCB value can be obtained by multiplying this sum of congener concentrations by
2. This total PCB value generally approximates the reported total PCB value
obtained by Aroclor determination.

The oyster data also include the sum of the six DDT/DDD/DDE compounds (ZDDT).
These analyte sums include any analytes reported at levels below the detection
limit and non-confirmed analytes, but these data contribute relatively little to
the total sum. These PCB and pesticide data are compared to the Mussel Watch
oyster data in Section 4.2.

3.2.3 Mercury The results of the field sample analyses for mercury are
presented in Appendix B in micrograms per gram (ug/g) dry weight. The table also
includes the sample batch number as presented in the workplanm, and the batch
number relating to the mercury sample processing in the laboratory. The field
sample data reported for this study have not been background corrected. To
obtain true field sample concentrations, background subtraction, a routine
practice for reporting mercury and other metals data, was performed using the
procedural blank (PB) data reported for the mercury analysis in the QC data
section. Data presented in the mercury wet weight summary tables have been
modified using background correction.

3.3 QUALITY CONTROL SAMPLE RESULTS. QC sample results are presented in
Appendix C.

3.4 SUMMARY OF RESULTS. Mullet and oyster were the only species collected at
all of the proposed sampling stations (P1l, P2, TGl, TG2). Flounder and crab were
not collected at TGl and clams were only present on the tidal creek side of the
causeway.

PAH levels, with the exception of some liver samples, were generally low, with
most PAHs either not detected at all or reported below the detection limit.
Fluoranthene was generally the most abundant PAH in oyster tissue. Aroclor 1254
was reported most often. Highest PCB concentrations were detected on the pond
side of the causeway. Samples collected on the tidal creek side had lower
concentrations of PCBs than the pond side of the causeway. The DDT metabo-
lite/degradation product 4,4-DDE was consistently the most abundant pesticide.
Other pesticides that were frequently determined to be present included 4,4-DDD,
trans-nonchlor, cis-chlordane, and mirex. Mercury concentrations were uniformly
low among the different Parris Island sites.
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4.0 DISCUSSION

The original workplan called for a comparison of tissue levels detected at the
Causeway Landfill with established USFDA action levels for the selected
chemicals. This section evaluates the site data by comparing them to existing
USFDA action levels as well as to regional and national reference data. This
section also includes a comparison of tissue levels on the tidal creek and pond
sides of the causeway.

Section 4.1 presents the comparison of site tissue data with USFDA action levels
for those chemicals for which such levels currently exist. In order to place the
site findings in regional context, detected tissue levels were also compared with
data from NOAA Mussel Watch and SCDHEC monitoring programs in Section 4.2,
Observed differences between pond side and tidal creek sample data and between
species variations are briefly discussed in Section 4.3 along with a description
of the local enviromment and species behavior-ecology that may affect this
variability. A review of relevant aspects of the biology of each of the

collected species is included in Appendix E. Data adequacy issues are reviewed
in Section 4.4.

4.1 COMPARISON WITH USFDA ACTION LEVELS. Table 4-1 compares tissue concentra-
tion data by chemical, species, and pond or tidal creek side of the Causeway
Landfill with available USFDA action levels. The tissue data are presented in
mean wet weight concentrations plus one standard error of the mean as specified
in the KEMRON workplan. SCDHEC data are also summarized using the mean plus one
standard error of the mean. It should be noted, however, that the use of the
arithmetic mean implies a normal distribution which may not be appropriate for
such a small data set. Using the mean plus one standard error as a comparison
shows that USFDA action levels are not exceeded for any of the chemicals
examined. Further evaluation indicates that even the maximum observed levels do
not exceed USFDA action levels.

A review of the recent literature (USEPA 1989, Quantitative Risk Assessment
Committee [QRAC], 1990 and Reinert, et al., 1991), however, raised some concern
regarding the appropriateness of USFDA action levels for the recreational or
subsistence fishing scenario at the Causeway Landfill. These issues together
with recommended approaches for resolving them are described in the Section 5.0.

4.2 COMPARTSON WITH NATIONAL AND REGIONAL DATABASES. Because USFDA action
levels were developed to be protective nationally, rather than on a regional or
local basis, data collected for this study were also compared to data from NOAA's
Mussel Watch Project and the SCDHEC monitoring Program in order to put the
observed data in a regional context. These two comparisons are presented in
sections 4.2.1 and 4.2.2, respectively. Mussel Watch sampling sites and the
South Carolina sampling site (Broad River only) are presented in Figure 4-1.

4.2.1 Comparison with National Oceanic and Atmospheric Administration (NOAA)
Mussel Watch Database The NOAA Mussel Watch Project includes the annual
collection and chemical analysis of mussels and ocysters from 177 sites around the
coastal and estuarine United States. Several of these sites are located in the
South Atlantic coastal areas (Figure 4-1). The chemical contaminants analyzed
have included PAHs, PCBs, chlorinated pesticides, and trace elements. The main
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Table 4-1

Data Comparison with USFDA Action Levels

Extended Site Inspection
Causeway Landfill, MCRD
Parris Island, South Carolina

USFDA Action Level Concentrations in Species' (ppb)
Chemical (opm) ot Flounder Mullet Crab Oyster L\jgl:;ls\ t:;):;
Pond Tidal Pond Tidal Pond Tidal Pond Tidat Pond Tidal
Aldrin 0.3 300 - - 0.17 0.17 - - - - - - -
Dieidrin 0.3 300 - - 0.43 0.57 0.43 0.98 - 0.094 - - -
Chlordane 0.3 300 0.53 - 1.2 1.3 0.57 0.52 - 0.18 0.99 0.4 -
DDT (2.4) 5 5,000 - - 0.21 0.21 - - - 0.0696 0.29 - -
DDT (4,4) 5 5,000 - - 0.98 1.1 - - - 0.32 - - -
DDE (2,4) 5 5,000 0.53 - 0.095 0.31 0.2 - - 0.11 0.565 0.29 -
DDE (4.4) 5 5,000 24 1.3 45 25 18 14 - 0.41 157 31 -
DDD (2,4) 5 5,000 - - 0.26 0.27 - - - 0.088 - - -
DDD (4,4) 5 5,000 7.4 0.25 71 6.6 8.5 25 - 0.0936 75 0.97 -
Endrin 0.3 300 - - 0.88 0.89 - - - - - - -
Heptachlor 0.3 300 - - 0.38 0.38 - - - - - - -
Heptachlor epoxide 0.3 300 - - 0.14 0.14 0.38 0.95 - - - - -
Mercury 1 1,000 66 58 5.6 78 28 59 - 8.2 13 9.6 -
Mirex 01 100 1.5 0.4 23 11 1.4 1.1 - - 0.469 0.14 -
PCB (Aroclor 1254) 2 2,000 54 21 59 47 - - - - 58 - -

! Concentrations are reported as mean wet weight plus one standard error.

Notes: USFDA = U.S. Food and Drug Administration. DDE = dichlorophenyl dichloroathylene.
ppm = parts per million. DDD = dichlorophenyl dichloroethane.
ppb = parts per billion. PCB = polychlorinated biphenyis.

DDT = dichlorophenyl trichloroethane.
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reason for analyzing these mollusks is to establish temporal trends; however,
these data provide a useful comparison for this study as well.

Comparative data available from the NOAA Mussel Watch Project are restricted to
oysters. Table 4-2 presents 1991 Georgia and South Carolina Mussel Watch data for
oyster tissue and the maximum concentrations found near the Causeway Landfill.
Figure 4-1 illustrates the Mussel Watch sample sites used for comparison
purposes. Table 4-2 includes the total PAHs for oysters, defined as the sum of
the 24 individual PAH analytes, including any PAHs reported at levels below the
detection limit. This sum does not include PAHs that were not analyzed. The
total PAH concentrations in oysters from the Pl and P2 sites are higher than from
the TGl and TG2 sites, but most sites have concentrations that are in the range
found at the South Carolina and Georgia Mussel Watch sites (Table 4-2).

Table 4-2 also includes total PCBs for oysters, defined as the sum of the 20
individual PCB congener analytes. The PCB concentrations in oysters from the Pl
and P2 sites were considerably higher than from the TGl and TGZ sites and higher
than the South Carolina and Georgia Mussel Watch sites. The PCB levels in
oysters from the TGl and TG2 sites were comparable to the less contaminated South
Carolina and Georgia Mussel Watch sites. The DDT concentrations in oysters from
the Pl and P2 sites were higher than from the TGl sites, which in turn were
higher than the TG2 sites. The Pl, P2, and TGl sites all had oyster DDT levels
that were higher than the South Carolina and Georgia Mussel Watch sites (Table
4-3). The levels in oysters from the TG2 sites were comparable to the Mussel
Watch sites. The 4,4'-DDE levels comprised more than 60 percent (generally 60
to 70 percent) of the sum of the six DDT/DDD/DDE compounds in all oyster samples,
and DDT consistently contributed less than 5 percent to the sum, suggesting that
this contamination is not due to recent DDT inputs.

The mercury concentrations were quite uniform among the different Parris Island
sites, ranging from 0.053 to 0.122 gram per gram (g/g) dry weight for the 17
oyster samples, after background and blank correction (using the average of the
two procedural blank values for the sample batch). These concentrations are in

the range of those of the South Carolina and Georgia Mussel Watch sites (Table
4-2).

4.2.2 Comparison with South Carolina Department of Health and Environmental

Control (SCDHEC's) Database SCDHEC maintains a statewide monitoring network that

includes a component that evaluates the presence and concentration of potentially

hazardous substances in aquatic organisms. Sixteen stations are maintained in
the major estuarine areas of the State; one of these stations is located on the .
Broad River (latitude 32° 20'35" and longitude 80° 42’ 30") near Parris Island.

American oysters and blue crabs were collected from this station during 1984 to

1986 (oysters) and in 1986 (crabs) and analyzed for heavy metals, pesticides,

PCBs, PAHs, and volatile organic compounds. Tables 4-3 and 4-4 present SCDHEC

data for PAH and pesticide levels, respectively, for oysters and blue crabs

compared to maximum concentrations at the Causeway Landfill. PCB data were not

comparable and are not included in this discussion.

Based on the 1984 to 1988 data, SCDHEC concluded (SCDHEC, 1987) that the 16
estuarine areas they had sampled were not contaminated by toxic organic or
inorganic chemicals within the context of the analysis conducted. Levels of
contaminants measured in oysters or crabs did not approach the available USFDA
action levels. Maximum PAH levels at the Broad River SCDHEC sampling site
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Table 4-2
Mussel Watch Oyster Tissue Data From South Carolina and Georgia Sites, 1991

Extended Site Inspection
Causeway Landfill, MCRD
Parris Island, South Carolina

Analyte Concentration’

Site No. Site Location
Mercury IPAH? IPCB? IDDTs* 4,4-DDE
225 Lower Bay, Winyah Bay, SC 0.103 62.3 7.54 4.87 487
226 North Bay, Santee River, SC 0.096 41.1 0.38 7.33 7.33
44 Fort Johnson, Charleston Harbor, 0.113 1,165 148 19.3 123
SC
45 Shutes Folly Island, Charleston 0.092 1,208 26.2 31.0 19.5
Harbor, SC
Causeway Landfill, Parris Island,
SC
Pond °0.114 8324 212 8224 137
Tidal Creek °0.123 ¢104.1 92 8497 35.19
46 Tybee lIsland, Savannah River 0.142 450 25.0 12.8 7.63
Estuary, GA
47 Sapelo Island, Sapelo Sound, GA 0.071 522 5.86 4.69 4.69
227 Wolfe island, Aitamaha River, GA 0.069 52.4 10.8 5.97 5.97

' Concentrations are in micrograms per kilogram (vg/kg) nanograms per gram (ng/g) dry weight for organics, and
micrograms per gram (ug/g) dry weight for mercury. Concentrations are 1991 (Phase 6) site averages calculated from
three samples, representing three stations, from each site (Battelle, 1991). A value of 0 was used for non detects in the
determination of these average Mussel Watch concentration values, for easy comparison to the data generated in this
study.

2 $PAH is the sum of the 24 individual polynuclear aromatic hydrocarbons (PAH) analytes.

® $PCB is the sum of the 20 individua! polychlorinated biphenyls (PCB) congener analytes.

* $DDTs is the sum of 4,4-dichlorophenyl trichlorcethane (DDT), 4,4-dichloropheny! dichloroethane (DDD), 4,4-dichlorophenyt
dichloroethylene (DDE), 2,4-DDT, 2,4-DDD, and 2,4-DDE.

S Concentrations are maximum dry weight concentrations.

® Total PAHs are defined as the sum of the 24 PAH analytes, including any PAH reported at levels below the detection limit.
This sum does not include PAHs that were not analyzed.

7 Total PCB (by Aroclor) was determined using the sum of the areas of each of the 20 congeners that could be reliably
detected and integrated.

® Sum of the six DDT/DDD/DDE compounds for any analyte reported at or below the detection limit.

? Maximum dry weight concentrations.
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Table 4-3
Data Comparison with Statewide Summary of PAH Levels
in Oysters and Blue Crabs

Extended Site Inspection
Causeway Landfill, MCRD
Parris Island, South Carolina

Maximum Level in Oysters’ (ppb) Maximum Level in Blue Crabs'-? (ppb)
Compound

SCDHEC® . Causeway Landfill SCDHEC? Causeway Landfill
Acenaphthene 55 0.67 - 1.8
Acenaphthylene - 0.95 - 27
Anthracene 428 0.42 - 1.6
Benzo(a)anthracene 987 21 245 ND
Benzo(a)pyrene 42 1.6 21 4.1
Benzo(b)fluoranthene 10 28 51 6.9
Benzo(g,h,i)perylene 2 0.78 28 3.7
Benzo(k)fluoranthene ‘2 1.9 24 47
Chrysene 34 341 195 39
Fluoranthene 142 1.0 149 0.45
Fluorene - 0.55 - 0.48
Indeno(1,2,3-c,d]pyrene - 0.89 30 20
Naphthalene - 1.4 - 1.6
Phenanthrene 44 22 157 0.61
Pyrene 74 6.2 207 0.39

' Maximum wet weight concentration.

? South Carolina Department of Health and Environmental Control (SCDHEC) tissue levels include somatic muscle only;
hepatopancreatic material was not included in the analysis. Causeway Landfill data represent whole body concentrations.

® Data represent maximum concentrations reported for the statewide summary, 1984-86 (SCDHEC, 1987).

* Benzo(k)fluoranthene was the PAH detected with highest levels in oysters at the Broad River location (SCDHEC) in 1986.
PAHs were not detected at this station in 1984 or 1985.

Notes: ppb = parts per billion.
SCDHEC = South Carolina Department of Health and Environmental Control.
— = concentration below the lower detection limit.
ND = not detected.
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Table 4-4
Data Comparison with Statewide Summary of Pesticide Levels
in Oysters and Blue Crabs

Extended Site Inspection
Causeway Landfill, MCRD
Parris Island, South Carolina

Maximum Level in Oysters (ppb) Maximum Level in Blue Crabs’ (ppb)
Compound . :
' B'S‘g‘gHﬁé‘g' Causeway Landfil B;‘:‘:‘SHRE“Q’ Causeway Landfil
Aldrin <5 - <5 -
Dieldrin <5 - <8 0.9
Endrin <5 - <5 -
Chlordane <5 1.2 <5 0.6
DDD <5 10 <5 12
DDE 15.6 20 <5 22
DDT <5 0.36 177 -
Lindane <5 - <5 -
Heptachlor <5 - <5 -
Heptachlor epoxide <5 - <5 0.9
HCB <5 - <5 -
Methoxychior <5 - <5 -
a-BHC 7.0 - <5 -
b-BHC <5 - <5 -
Mirex <8 0.53 <5 1.7

! South Carolina Department of Health and Environmental Control (SCDHEC) tissue levels include somatic muscle only;
hepatopancreatic material was not included in the analysis. Causeway Landfill data represent whole body concentrations.

Notes: ppb = parts per billion.
SCDHEC = South Carolina Department of Health and Environmental Control
-~ = concentration below the lower detection limit.
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exceeded those at the Causeway Landfill. Maximum PAH tissue levels for oysters
and crabs observed at the Causeway Landfill were considerably lower than maximum
statewide levels reported by SCDHEC. PAHs were not detected at the SCDHEC Broad
River station during the 1984 and 1985 surveys. In 1986, however, PAHs were
detected and benzo(k)fluoranthene was the PAH detected at the highest concentra-
tions (2 wg/kg) which is close to the 1.9 ug/kg detected in oysters collected
near the causeway.

DDD and DDE levels in oysters and crabs collected from at the Causeway Landfill
exceeded the maximum levels observed statewide (SCDHEC, 1987).

4.3 VARTIATION IN TISSUE CONCENTRATIONS BETWEEN LOCATIONS AND SPECIES. A review
of the tissue concentration level data from the four locations sampled in this
study during the comparison with regional and national data suggested that there
were some differences between the pond and tidal creek sides of the causeway.
In some cases, such as for oysters, the sum of individual analytes for PAH, PCB,
and DDT were greater on the pond side. However, individual analytes were not
consistent with this pattern. Observed differences between locations may be due
to physical factors related to circulation or flushing, the behavior/ecology of
the sampled species, or the distribution of contaminants in the landfill.

Although some analytes, such as 4-4 DDD, 4-4 DDE, PCB (Aroclor 1254), and mirex
were consistently higher on the pond side for all species, there was no
consistent relationship in tissue concentrations based on trophic levels. This
may be due to differences in residence periods for mobile species, the number of
samples, and size differences in those with a limited number of samples on the
tidal gate side, such as flounder and crab. Although tissue concentrations in
oysters were consistently higher on the pond side, concentrations may be
influenced by the fact that these oysters were subtidal and larger than those on
the tidal creek side.

Due to differences in fishing practices and issues related to potential
off-station migration of contaminants of concern, it was of interest to determine
whether organisms occurring in the pond and tidal creek sides of the causeway had
differing tissue concentrations of detected contaminants. Fishing primarily
occurs on the pond side and based on a review of the species ecology and site
observations, it is also likely that mobile species such as mullet, summer
flounder, and crab are resident for longer periods on the pond side (Appendix E).

To determine whether significant differences in average tissue concentrations
exist between these two habitats, the two data sets were compared using a
non-parametric statistical test. A non-parametric test was required due to the
small sample sizes obtained during the sampling program and uneven sample size.
Small sample size made it impossible to determine whether the two distributions
being compared were distributed normally (an assumption of any parametric test).
The uneven sample sizes (and variances) generally precludes a more rigorous
treatment of the data (i.e., a more powerful parametric test such as a t-test).
Consequently, Wilcoxon’s matched pairs signed-rank test was used to test the null
hypothesis that there were no significant differences between the pier (pond) and
tide gate (tidal creek) arithmetic averages across individual analytes.

No statistical analysis was attempted for the mercury data because the single
analysis precluded statistical treatment using Wilcoxon's test, and this
contaminant is sufficiently different from the other compounds analyzed that it
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_1is not reasonable to include it with one of the other data sets. In addition,
no comparison was possible for clams due to the fact that no clams were collected
on the pier side and mullet liver samples was not evaluated due the small number
of analytes that were detected in either area. For the remaining chemicals, the
Wilcoxon matched pairs signed-ranked test was used on each data set to test the
hypothesis that there is no statistical difference between the arithmetic average

pier and tidal gate data across individual analytes. Of the available
non-parametric tests, Wilcoxon’s is one of the more powerful because it uses
information concerning both the direction (i.e., the area with the greater

average concentration, for each analyte) and magnitude of the difference in mean
values between the two areas being evaluated (Siegel, 1956).

To conduct the test, the difference in the arithmetic average for each analyte
was calculated, the absolute value of the results was sorted from smallest to
largest, and the results were ranked from 1 to n where n is the total number of
analytes in the data set for which the particular analyte was detected in at
least one of the two areas (Sokal and Rohlf, 1969). Finally, the original sign
of each difference was assigned to the corresponding rank value and the positive
and negative ranks summed. A table of two-tailed critical wvalues for this
particular test (Siegel, 1956) was used to determine if the lesser of the sum of
positive and negative ranked values were significantly different from that
expected under the null hypothesis.

The results of the Wilcoxon test for the PAHs, PCB, and pesticide data sets are
presented in Tables 4-5 and 4-6. In the analysis of the PAH data set, it was
determined that the arithmetic average concentrations of all detected analytes
were significantly higher (o = 0.01) in the tide gate data set for the flounder
muscle, mullet muscle, and crab data sets relative to pier side data. No
significant differences were detected for the two fish liver data sets or for
oysters. Mean analyte concentrations of PCB and pesticides were determined to
be significantly higher in the pond data sets for four of the five data sets
evaluated; significantly higher average concentrations of PCBs and pesticides
were detected for the flounder muscle and Table 4-5 liver, crab, and oyster data
sets relative to the tide gate data sets. No significant difference was detected
between average concentrations of PCBs and pesticides for mullet muscle, however.

4.4 ADEQUACY OF SAMPLE COLLECTION. Due to operational and logistical
constraints noted in Section 3.0, the complete set of proposed samples was not
obtained. However, the revisions to the workplan which increased sample numbers
and applied a more appropriate sample analysis procedure as well as range of
species sampled compensated for potential data gaps. The species collected
represented at least three trophic levels and a variety of feeding types, as
shown in Table 4-7 and described in detail in Appendix E, and present an adequate
picture of contamination levels at the site, particularly on the pond side of the
causeway where fishing is concentrated.

The suite of species sampled adequately represents the primary, secondary, and
tertiary consumers in the aquatic food web at the Causeway Landfill. It includes
sessile filter feeders with long-term residence at the site as well as top
predatory carnivores. Long lived, sessile filter feeders such as the hard clam
and oyster make good test organisms because they integrate conditions over time
and provide site-specific data. Mobile secondary or tertiary consumers with high
growth rates, such and the crab and summer flounder, provide some integration
over the area of concern, particularly on the pond side where residence times are
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Table 4-5
Wilcoxon’s Matched Pairs Signed-Ranks Test, Summary of
Polynuclear Aromatic Hydrocarbons (PAHS)

Extended Site Inspection
Causeway Landfill, MCRD
Parris island, South Carolina

2 : . I
Species Batch No. n' _ Sum °er3""3 - SigLr::"l:;gce
Flounder (muscle) 1 21 191 40 <0.005
Flounder (liver) 2 22 82 171 NS
Mullet (muscle) 3 19 183 7 <0.005
Mullet (liver) 4 18 118 53 NS
Biue crab 5 22 217 36 <0.005
Hard clam *6
American oyster 7 24 171 129 NS

' Total number of analytes in the particular data set that were detected at least once in either the pier or tide gate sides of
the causeway.

% Sum of the negative and positive ranks. These values shouid be roughly equal if neither data set consistently has higher
average analyte concentrations (see text).

* As provided in Siegel, 1956.
* No analysis of Batch No. 6 (clams) data was done because no clams were collected on the pier side of the causeway.

Note: NS = not significant.

Table 4-6
Wilcoxon’s Matched Pairs Signed-Ranks Test, Summary of
Polychiorinated Biphenyis (PCBs) and Pesticides

Extended Site Inspection
Causeway Landfill, MCRD
Parris Istand, South Carolina

2 . apr
Species Batch No. n' - Sum of Ranks ; s'gLr:\f::las?ce
Flounder (muscle) 1 22 13 240 <0.005
Flounder (liver) 2 25 1 324 <0.005
Mullet {muscle) 3 42 404 499 NS
Mullet (iiver) ‘4
Blue crab 5 23 60 216 <0.01
Hard clam 6
American oyster 7 20 0 210 <0.005

' Total number of analytes in the particular data set that were detected at least once in either the pier or tide gate sides of
the causeway.

2 Sum of the negative and positive ranks. These values should be roughly equal if neither data set consistently has higher
average analyte concentrations (see text).

? As provided in Siegel, 1956.

* No analysis of Batch No. 4 (mullet liver) data was done because of insufficient sample size.

° No analysis of Batch No. 6 (clams) data was done because no clams were collected on the pier side of the causeway

Note: NS = not significant.
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FGB.08.93 4-10



Table 4-7
Profiles of Species

Extended Site Inspection
Causeway Landfill, MCRD

Parris Island, South Carolina

Species

Description

Trophic Level (principle)

Feeding Mode (adult)

Primary Food

Striped mullet
Summer flounder
Blue crab

Hard clam
American oyster

Shrimp?

Transient fish

Migratory fish

Mobile epifauna

Sessile infauna

Sessile epifauna

Mobile

Primary consumer
Tertiary consumer
Secondary/tertiary con-
sumer

Primary consumer

Primary consumer

Primary/secondary
consumer

Benthic herbivore and

detritivore

Active carnivore

Active omnivore

Filter feeder

Filter feeder

Active encounter omni-
vore

Aquatic vegetation detritus,
and inorganic sediment.

Fish and large inverte-
brates.

Fish, macro invertebrates,
and aquatic vegetation.

Plankton and microor-
ganisms'.

Plankton and microorgan-
isms'.

Plant detritus, algae, micro-
organisms, and inverte-

brates.

' including diatoms, flagellates, bacteria, detritus, and silt.
2 Not sampled, but shown for reference purposes.

likely to be much greater. Mobile fish species that may inhabit one source area
for only a small part of their life (such as would be the case on the tide gate
side) would receive only a limited exposure to any contaminant and never come
into equilibrium (USEPA, 1991).

Due to fishing activity at the site described in Subsection 3.1.2 as well as the
longer residence times expected for mobile species on the pond side, samples for
this area should provide a worst case scenario for analysis. The more complete
sample set from this side represents an adequate hazard scenario for contaminant
uptake in biota. Because this is also where the majority of fishing effort is
concentrated, any human exposure is also maximized on the pond side. An analysis
of information from this side of the causeway provides, essentially, a worst case
exposure scenario that permits a conservative assessment and affords adequate
protection to potential recreational fishermen.
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5.0 CONCLUSIONS

Results of the ESI indicate that maximum chemical tissue concentrations for the
five species sampled (mullet, flounder, crab, clam, and oyster) are below USFDA
action levels for samples collected on both the pond and tidal creek side of the
causeway. PAHs and mercury concentrations in oysters collected from the pond and
tidal creek were in the range of those of the South Carolina and Georgia Mussel
Watch sites. PCB concentrations in oysters from the Pl and P2 sites were
considerably higher than from the TGl and TG2 sites (tidal creek) and higher than
the South Carolina and Georgia Mussel Watch sites. The P1, P2, and TGl sites all

had oyster DDT levels that were higher than the South Carolina and Georgia Mussel
Watch sites.

Although there were no cases where USFDA action levels were exceeded at the
Causeway Landfill site, it is not possible to conclude that there is no public
health risk associated with the consumption of seafood caught at the site based
on these findings. USFDA action levels are not appropriate or adequately
protective for the Causeway Landfill because (1) the USFDA approach does not
explicitly provide a clear link between levels of actual risk used in a risk
assessment approach; (2) USFDA action levels are not suitable for subpopulations
of anglers, such as those at the MCRD, who may tend to consume more fish than the

general public and often fish in the same location; and (3) not all contaminants
of concern have USFDA action levels.

USFDA action levels are designed to protect the general public from fish shipped
in interstate commerce. These established action levels are based on a risk
management approach that includes a consideration of the adverse economic impacts
likely to accrue to the commercial fishery as a result of an advisory or closure.
As such, they reflect a balance between public health protection and the
economics involved in the loss of commercial fish to the consumer. Although
perhaps appropriate for purchased seafood and "average" consumers, the USFDA
action level approach does not explicitly provide the same link between levels

of risk and the levels of fish consumption as in a risk assessment approach
(Reinert, et al., 1991).

As a result of the focus on interstate commerce, USFDA action levels are based
on national patterns of consumption that are often quite different than those of
local recreational and/or subsistence anglers (USEPA, 1989). Although the
results from the tissue analysis indicated the maximum observed levels from the
causeway site were far below the USFDA action levels, anglers at the Causeway
Landfill are recreational fishermen (there is no commercial fishery) and,
therefore, the exposure scenario used in the USFDA approach may not be valid for
these fishermen. However, the base population at MCRD is highly transient and
the area around the causeway is not used for shellfishing, thereby reducing the
potential exposures.

A preliminary review of risk-based levels established by USEPA Region III, Water
Quality Standards Unit in their "Toxic Substance Spreadsheet" (October 29, 1991,
edition) suggests that these values are much more conservative than USFDA action
levels. Data from the Causeway Landfill fall somewhere between USFDA and USEPA
levels. These USEPA fish tissue concentrations are the fish tissue values from
which the USEPA human health water quality criteria are calculated using
established bioconcentration factors. These are used to evaluate the health risk
associated with fish tissue data for priority pollutants.
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. Before drawing conclusions regarding human health risk using these criteria, the
data must be further reviewed, the statistical attributes of the data evaluated,
and the appropriate summary statistics (e.g., 95 percent upper confidence limit
or other estimates of maximum probable concentration) developed to assess risk.
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APPENDIX A

QUALITY ASSURANCE/QUALITY CONTROL



A-1

Field Sampling Plan



SAMPLE COLLECTION, HANDLING AND SHIPPING

Sample Collection

Four samples of each of mullet and fish, and five samples of each of shrimp,
oyster, clam, and crab will be collected at each of four sites. This includes
one sample of each matrix/type from each of the four sites as a sample for
archival (ARCH). Additionally, one field duplicate (DUP) will be collected for
each of the six sample matrices/types. It is important that all animals
collected for each matrix/type be of the same species (i.e., all clams collected
at all sites should be of the same species).

. If possible, collect sufficient biomass to yield a final, laboratory
homogenized, tissue sample volume of 1 to 2 cups. This is equivalent
to approximately 20 average (7 to 10 cm shell length) size oysters.
Remember, crab and shrimp will be homogenized whole body but only the
edible tissue of the clam, oyster, and fish will be used for analysis.
If large amounts of animals are caught at a station, select an
appropriate number of representative animals for the sample. Remove
any debris and rinse off any excess mud using water from the site. Use
polyethylene gloves at all times when handling the samples. Rinse
and/or change gloves whenever necessary.

. Place the newly caught, undisturbed animals on the dull side of a 2' to
3" piece of aluminum foil. Wrap the sample, trying to completely seal
the sample with the aluminum foil. Place the wrapped sample on the dull
side of a second piece of aluminum foil, and wrap securely. If
necessary, split the animals that comprise the sample into more than
one "package" should there be more animals than will fit into one
package and one Ziploc bag.

. Complete the information needed on the Sample Collection Form and the
Sample Labels, using a non-erasable pen. If the sample is a field
duplicate write -DUP in the space immediately following the pre-printed
sample ID on each of the labels. 1If the sample is one of the samples
for archival indicae the site rep/station identification (01, 02, 03,
or 04) where the -ARCH sample was collected when completing the Sample
Collection Form for that sample. The Comments/Visual Observations part
of the form can be used for this type of information. The following
identification codes will be used whenever abbreviated:

Site ID: Pl, P2, TGl, and TG2
Sample Matrix/Type MU (mullet)
FI (fish)

SH (shrimp)
0Y (oyster)
CL (clam)
CR (crab)

Site Rep: 01, 02, 03, 04, and ARCH for shrimp, oys-
ter, clam, and crab
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Handling

Shipping

Parrisis.ES|
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01, 02, 03, and ARCH for mullet and fish
(only three site replicates collected for
analysis).

Affix one of the labels to the Sample Collection Form, one label to the
aluminum-foil package(s), and one label to the Ziploc bag(s).

Wrap the aluminum-foil package at least twice completely around with
clear packaging tape, ensuring the tape covers the label on the
package. Place the package inside the Ziploc bag and seal. Place the
sample package in a cooler with dry ice.

Keep the samples on dry ice or in a freezer at all times following
sample collection.

At the end of each day’'s sampling activities, place the completed
Sample Collection Forms in Ziploc bags and inside the cooler containing
the samples to which the forms correspond. Tape the Ziploc bag to the .
inside of the lid of the cooler.

The ABB Field Scientist has custody of all samples at all times in the
field. At the end of each day’s sampling activities, complete the
Field Chain-of-Custody Forms and place them in Ziploc bags and inside
the cooler containing the samples to which the forms correspond. Tape
the Ziploc bag to the inside of the lid of the cooler.

Ship samples at the end of each sample collection day. Do not store
samples for shipping on another day, unless absolutely necessary.
Sample shipping is expected to occur on 11/22 (Friday), 11/23 (Satur-
day), and 11/24 (Sunday), with the possibility of a final shipment on
11/25 (Monday).

Replenish the dry ice in the coolers at the end of the day, shortly
before sealing the coolers for shipping. If the coolers will not be
delivered in the morning of the following day (a possibility with
Saturday shipment) make sure there is enough dry ice in the coolers to
ensure that the samples remain frozen until delivery. Affix the
completed Federal Express label and seal the cooler securely with the
reinforced packaging tape. Remember to indicate that the coolers
contain dry ice.
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Ship the coolers with the samples, Sample Collection Forms, and Chain-
of -Custody Forms to Battelle Ocean Sciences in Duxbury, MA, using
Federal Express next-day morning-delivery service. Do not use the
afternoon delivery option. If there is no Sunday delivery and you have

samples for Saturday shipment then ensure that they will be delivered
on Monday morning.

Call the Battelle Project Manager on the day of shipment, or in the
morning of the next day, to notify him of each shipment.
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SOP 6-007

SOP 6-010

SOP 5-190
SOP 5-157
SOP 5-191

SOP 5-025

SOP 5-140

SOP 5-128

SOP 5-088
SOP 3-089

SOP 3-070
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TABLE A-1

LIST OF PERTINENT STANDARD OPERATING PROCEDURES

USED IN THIS STUDY

Chemistry Laboratory Sample Custody and Laboratory Sample Identifica-
tion

Chemistry Laboratory Sample Control

Tissue Extraction for Trace Level Semivolatie Organic Compounds
Including Lipid Weight Determination

ldentification and Quantification of Polynuciear Aromatic Hydrocarbons by
Gas Chromatography/Mass Selective Detector (GC/MSD)

HPLC Cleanup of Sediment and Tissue Extracts for Semi-Volatile Organic
Contaminants

Gas Chromatography Protocols

Preparation of Wet Tissue Samples for Trace Metal Analysis Using MDS-
81D Microwave Digestion System

Identification and Quantification of Polychlorinated Biphenyls (by Conge-
ners and Aroclor) and Pesticides by Gas Chromatography/Electron
Capture Detection

The Analyses of Prepared Samples for Mercury Analysis

Operation of the MDS-81D Microwave Digestion System

Operation of an LDC Mercury Monitor

A4



A-2

Laboratory Analysis



TABLE A-2

QUALITY CONTROL DATA CRITERIA GOALS

Organics (PAH and PCB/Pesticides)

Surrogate recovery 40%-120%

Blank spike analyte relative recovery 50%-150%"

Blank spike analyte absolute recovery 40%-120%*°

Blank spike precision 30% RPD®

Matrix spike analyte refative recovery 50%-150%

Matrix spike analyte absolute recovery 40%-120%°

Matrix spike precision 30% RSD°

SRM accuracy +30% of certified value®

SRM quantification precision 30% RSD®

Procedural blank <5 x detection limit
Mercury

Blank spike analyte recovery 50%-120%

Blank spike precision 20% RPD°

Matrix spike analyte recovery 50%-120%

Matrix spike precision 20% RSD°

SRM accuracy +20% of certified value®

Sample duplicate precision 20% RPD'

Procedural blank <5 x detection limit

® Relative recoveries are based on quantification relative to the quantification internal standards
(surrogate compounds), and is the way the field samples were quantified. Absolute recoveries are
based on quantification relative to the recovery internal standard, and is the way surrogate recoveries
were determined. Relative recoveries of target analytes were reported in the organics BS and MS
tables because this is the information that best represents the accuracy of the field sample
quantification. However, since the relative recovery criteria were not specified in the Work Plan, the
more stringent absolute recovery criteria were used to qualify BS and MS data.

® RPD of recoveries determined for the two duplicates in each analytical batch of samples.

° Precision in the recoveries determined for the seven MS samples.

¢ Accuracy of PAH and mercury determination of SRM samples relative to certified values.

¢ Precision of PCB/pesticide quantification of the seven SRM samples. No cenrtified values exist for
PCB/pesticides.

"RPD in values determined for the two laboratory duplicates in each analytical batch of samples.

Parriels.ESI
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TABLE A-3

FIELD SAMPLE COLLECTION, RECEIPT, AND HOLDING TIME EXPIRATION DATES

Tissue Type and Date Coilected  Date Received Holding Time Expiration Data
Field ID I I
Fish — muscle (Batch #1)
P1-FI-01 11/23/91 11/26/91 12/21/91 02/02/92
P1-F1-02 11/23/91 11/26/91 12/21/91 02/02/92
P1-FI1-03 11/25/91 11/26/91 12/23/91 02/02/92
P1-FI-ARCH 11/24/91 11/26/91 12/22/91 02/02/92
P2-Fi-01 11/23/91 11/26/91 12/21/91 02/02/92
P2-FI-02 11/23/91 11/26/91 12/21/91 02/02/92
TG2-FI-01 11/23/91 11/26/91 12/21/91 02/02/92
Fish — liver (Batch #2)
P1-FI-01 11/23/91 11/26/91 12/21/91 02/04/92
P1-FI-02 11/23/91 11/26/91 12/21/91 02/04/92
P1-FI-03 11/25/91 11/26/91 12/23/91 02/04/92
P1-FI-ARCH 11/24/91 11/26/91 12/22/91 02/04/92
P2-FI-01 11/23/91 11/26/91 12/21/91 02/04/92
P2-FI-02 11/23/91 11/26/91 12/21/91 02/04/92
TG2-FI-01 11/23/91 11/26/91 12/21/91 02/04/92
Mullet - muscie (Batch #3)
P1-MU-01 11/24/91 11/26/91 12/22/91 02/08/92
P1-MU-02 11/24/91 11/26/91 12/22/91 02/08/92
P1-MU-03 11/24/91 11/26/91 12/22/91 02/08/92
P2-MU-01 11/25/91 11/26/91 12/23/91 02/08/92
TG1-MU-01 11/23/91 11/26/91 12/21/91 02/08/92
TG1-MU-02 11/23/91 11/26/91 12/21/91 02/08/92
TG1-MU-03 11/23/91 11/26/91 12/21/91 02/08/92
TG2-MU-01 11/23/91 11/26/91 12/21/91 02/08/92
TG2-MU-02 11/23/91 11/26/91 12/21/91 02/08/92
TG2-MU-03 11/23/91 11/26/91 12/21/91 02/08/92
TG2-MU-DUP 11/23/91 11/26/91 12/21/91 02/08/92
Mullet - liver (Batch #4)
P1-MU-01 11/24/91 11/26/91 12/22/91 02/10/92
P1-MU-02 11/24/91 11/26/91 12/22/91 02/10/92
P1-MU-03 11/24/91 11/26/91 12/22/91 02/10/92
P2-MU-01 11/25/91 11/26/91 12/23/91 02/10/92
TG1-MU-01 11/23/91 11/26/91 12/21/91 02/10/92
TG1-MU-02 11/23/91 11/26,/91 12/21/91 02/10/92
TG2-MU-01 11/23/91 11/26/91 12/21/91 02/10/92
TG2-MU-02 11/23/91 11/26/N 12/21/91 02/10/92
TG2-MU-03 11/23/91 11/26/91 12/21/91 02/10/92
TG2-MU-DUP 11/23/91 11/26/91 12/21/91 02/10/92

* Completion of sample extraction for organics and completion of instrumental analysis for mercury.
® Completion of instrumenta! analysis for organics (60 days after actual sample extraction).
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TABLE A-3 (Continued)

FIELD SAMPLE COLLECTION, RECEIPT, AND HOLDING TIME EXPIRATION DATES

Tissue Type and Date Colliected  Date Received Holding Time Expiraticgn Data
Field ID ° il

Crab (Batch #5)

P1-CR-01 11/23/91 11/26/91 12/21/91 02/11/92
P1-CR-02 11/23/91 11/26/91 12/21/91 02/11/92
P1-CR-03 11/23/91 11/26/91 12/21/91 02/11/92
P1-CR-04 11/23/91 11/26/91 12/21/91 02/11/92
P1-CR-DUP . 11/23/91 11/26/91 12/21/91 02/11/92
P2-CR-01 ' 11/23/91 11/26/91 12/21/91 02/11/92
P2-CR-02 11/23/91 11/26/91 12/21/91 02/11/92
P2-CR-03 11/23/91 11/26/91 12/21/91 02/11/92
P2-CR-04 11/23/91 11/26/91 12/21/91 02/11/92
TG2-CR-01 11/23/91 11/26/91 12/21/91 02/11/92
TG2-CR-02 11/23/91 11/26/91 12/21/91 02/11/92
Clam (Batch #6)
TG1-CL-01 11/24/91 11/26/91 12/22/91 02/14/92
TG1-CL-02 11/24/91 11/26/91 12/22/91 02/14/92
TG2-CL-01 11/23/91 11/26/91 12/21/91 02/14/92
TG2-CL-02 11/23/91 11/26/91 12/21/91 02/14/92
TG2-CL-03 11/23/91 11/26/91 12/21/91 02/14/92
TG2-CL-04 11/23/91 11/26/91 12/21/91 02/14/92
TG2-CL-DUP 11/24/91 11/26/91 12/22/91 02/14/92
Oyster (Batch #7)
P1-OY-01 11/25/91 11/26/91 12/23/91 02/15/92
P1-0OY-02 11/25/91 11/26/91 12/23/91 02/15/92
P1-0Y-03 11/25/91 11/26/91 12/23/91 02/15/92
P1-0Y-04 11/25/91 11/26/91 12/23/91 02/15/92
P2-0Y-01 11/25/91 11/26/91 12/23/91 02/15/92
P2-0Y-02 11/25/91 11/26/91 12/23/91 02/15/92
P2-0Y-03 11/25/91 11/26/91 12/23/91 02/15/92
P2-OY-04 11/25/91 11/26/91 12/23/91 02/15/92
TG1-0Y-01 11/24/91 11/26/91 12/22/91 02/15/92
TG1-0Y-02 11/24/91 11/26/91 12/22/91 02/15/92
TG1-0OY-03 11/24/91 11/26/91 12/22/91 02/15/92
TG1-0Y-04 11/24/91 11/26/91 12/22/91 02/15/92
TG2-0Y-01 11/23/91 11/26/91 12/21/91 02/15/92
TG2-0Y-02 11/23/91 11/26/91 12/21/91 02/15/92
TG2-0Y-03 11/23/91 11/26/91 12/21/91 04/03/92°
TG2-0Y-04 11/24/91 11/26/91 12/22/91 02/15/92
TG2-0OY-DUP 11/24/91 11/26/91 12/22/91 02/15/92

# Completion of sample extraction for organics and completion of instrumental analysis for mercury.
® Completion of instrumental analysis for organics (60 days after actual sample extraction).
© Sample was re-extracted and received a new analysis holding time expiration date.
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TABLE A-4

FIELD SAMPLE EXTRACTION AND INSTRUMENTAL ANALYSIS DATES

Tissue Type and Sample Extraction Instrumental Analysis Data PCB/Pesticide
Field ID Date Organics Mercury PAH '

Fish — muscle (Batch #1)
P1-FI-01 12/04/91 12/05/91 12/18/91 12/28/91
P1-FI-02 12/04/91 12/05/91 02/01/92 02/15/92°
P1-FI-03 12/04/91 12,/05/91 01/15/92 01/18/92
P1-FI-ARCH 12/04/91 12/05/91 02/01/92 02/15/92°
P2-FI-01 - 12/04/91 12/05/91 02/01/92 02/15/92°
P2-FI-02 12/04/91 12/05/91 02/01/92 . 02/28/92°
TG2-FI-01 12/04/91 12/05/91 02/01/92 02/15/92°

Fish - liver (Batch #2)
P1-FI-01 12/06/91 12/11/91 12/19/91 12/29/91
P1-Fl-02 12/06/91 12/11/91 01/15/92 01/18/92
P1-FI-03 12/06/91 12/11/91 02/01/92 02/16/92°
P1-FI-ARCH 12/06/91 12/11/91 01/15/92 01/18/92
P2-FI-01 12/06/91 12/11/91 01/15/92 01/19/92
P2-FI-02 12/06/91 12/11/91 01/15/92 01/19/92
TG2-FI-01 12/06/91 12/11/91 02/01/92 02/28/92°

Mullet - muscle (Batch #3)
P1-MU-01 12/10/91 12/06/91 12/31/91 01/02/92
P1-MU-02 12/10/91 12/06/91 12/31/91 01/02/92
P1-MU-03 12/10/91 12/06/91 12/31/91 01/02/92
P2-MU-01 12/10/91 12/10/91 12/31/91 01/02/92
TG1-MU-01 12/10/91 12/06/91 12/27/91 01/01/92
TG1-MU-02 12/10/91 12/06/91 12/27/91 01/01/92
TG1-MU-03 12/10/91 12/06/91 12/28/91 01/02/92
TG2-MU-01 12/10/91 12/06/91 12/30/91 01/02/92
TG2-MU-02 12/10/91 12/06/91 12/30/91 01/02/92
TG2-MU-03 12/10/91 12/10/91 12/31/91 01,/02/92
TG2-MU-DUP 12/10/91 12/06/91 12/31/91 01/02/92

Muilet — liver (Batch #4)
P1-MU-01 12/12/91 12/11/91 12/31/91 01/02/92
P1-MU-02 12/12/91 12/11/91 12/31/91 01/02/92
P1-MU-03 12/12/91 12/11/91 12/31/91 01/03/92
P2-MU-01 12/12/91 12/11/91 01/02/92 01/03/92
TG1-MU-01 12/12/91 12/11/91 01/02/92 01/03/92
TG1-MU-02 12/12/91 ©12/11/91 01/03/92 01/03/92
TG2-MU-01 12/12/91 12/11/91 01/03/92 01,/03/92
TG2-MU-02 12/12/91 12/11/91 01/03/92 © 01/03/92
TG2-MU-03 12/12/91 12/11/91 01/06/92 01/04/92
TG2-MU-DUP 12/12/91 12/11/91 01/03/92 01/04/92

? Originally analyzed on 12/28/91. Archived sample extract was re-fractionated through cleanup column
and re-analyzed due to poor surrogate recoveries.

Parrisis.ESI
FGB.08.93 A-Q



TABLE A-4 (Continued)

FIELD SAMPLE EXTRACTION AND INSTRUMENTAL ANALYSIS DATES

Tissue Type and Sample Extraction Instrumental Analysis Data PCB/Pesticide
Field 1D Date Organics Mercury PAH

Crab (Batch #5)
P1-CR-01 12/13/91 12/10/91 01/03/92 01/16/92
P1-CR-02 12/13/91 12/10/91 01/03/92 01/16/92
P1-CR-03 12/13/91 12/10/91 01/03/92 01/17/92
P1-CR-04 12/13/91 12/10/91 01/03/92 01/17/92
P1-CR-DUP 12/13/91 12/10/91 01,/03/92 01/17/92
P2-CR-01 12/13/91 12/10/91 01/03/92 01/17/92
P2-CR-02 12/13/91 12/10/91 01,/03/92 01/17/92
P2-CR-03 12/13/91 12/10/91 01/03/92 01/17/92
P2-CR-04 12/13/91 12/11/91 01,/04/92 01/17/92
TG2-CR-01 12/13/91 12/11 /91 01/04/92 01/17/92
TG2-CR-02 12/13/91 12/11/91 01/04/92 01/17/92

Clam (Batch #6)
TG1-CL-01 12/16/91 12/10/91 01/06/92 01/17/92
TG1-CL-02 12/16/91 12/10/91 01/07/92 01/17/92
TG2-CL-01 12/16/91 12/10/91 01/07/92 01/18/92
TG2-CL-02 12/16/91 12/10/91 01/07/92 01/18/92
TG2-CL-03 12/16/91 12/10/91 01/07/92 01/18/92
TG2-CL-04 12/16/91 12/10/91 01/07/92 01/18/92
TG2-CL-DUP 12/16/91 12/10/91 01/07/92 01/18/92

Oyster (Batch #7)
P1-OY-01 12/17/91 12/10/91 01/08/92 01/25/92
P1-OY-02 12/17/91 12/10/91 01/08/92 01/25/92
P1-0Y-03 12/17/91 12/10/91 01/08/92 01/25/92
P1-0OY-04 12/17/91 12/10/91 01,/08/92 01/26/92
P2-0Y-01 12/17/91 12/10/91 01,/08/92 01/26/92
P2-0Y-02 12/17/91 12/10/91 01/08/92 01/26/92
P2-0Y-03 12/17/91 12/10/91 01,/08/92 01/26/92
P2-0Y-04 12/17/91 12/10/91 01/08/92 01/26/92
TG1-0Y-01 12/17/91 12/10/91 01/08/92 01/26/92
TG1-OY-02 12/17/91 12/10/91 01/08/92 01/26/92
TG1-OY-03 12/17/91 12/10/91 01,/08/92 01/26/92
TG1-0OY-04 12/17/91 12/10/91 01,/08/92 01/26/92
TG2-0Y-01 12/17/91 12/10/91 01,/08/92 01/26/92
TG2-0Y-02 12/17/91 12/10/91 01/08/92 03/04/92°
TG2-0Y-03 02/03/92° 12/10/91 02/08/92° 02/16/92°
TG2-0Y-04 12/17/91 12/10/91 01,/08/92 01/27/92
TG2-OY-DUP 12/17/91 12/10/91 01/09/92 01/26/92

® Originally analyzed on 01/26/91. Sample was re-analyzed because the datafile was overwritten.
° Originally extracted on 12/17/91 and analyzed on 01/08/92 (PAH) and 01/26/92 (PCB/pesticides).
Sample was re-extracted and re-analyzed due to poor surrogate recoveries.
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TABLE A-5

CERTIFIED ANALYTE CONCENTRATIONS IN SRM MATERIALS

Analyte Analyte Concentration (ng/g, dry
weight)

SRM74° SRM 1566a”
Phenanthrene 45 + 11
Anthracene 6.1 + 1.7
Fluoranthene 272 + 47
Pyrene 276 + 30
Perylene 8.5 + 24
Benzo[b]fluoranthene ) 52.3 + 94
Benzo[a]pyrene 18.6 + 3.8
Benzo[g,h.i]perylene 20.0 + 23
Indeno[1,2,3-cd]pyrene 14.6 + 27
Mercury 64.2 + 6.7

# Concentrations are from National Institute of Standards and Technology (NIST) Standard Reference
Material (SRM) certification documentation. The certified concentrations are means of results from two
analytical techniques. The uncertainty limits cover the concentrations of approximately 95% of samples
of this SRM. SRM 1974 is a mussel (Mytilus edulis) material. SRM 1566a is an oyster material.
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A-3

Field and Laboratory Chain-of-Custody Forms



(oaler'#é
000246
ABB/BATTELLRE OCEAN SCIENCES
PARRIS ISLAND ENVIROMMENTAL ASSESSMENT STUDY
FIELD CHAIN-OF~CUSTODY FORM

ABB Project # 07540-04

Battelle Project # G2135-0001

Sample Matrix/Type & —

Storage Conditions Uru [i2
Completed by AE ! pate //-25-9/
anple- Pisléd: IDs:

/ G- (L -0/ Package of
Te(- L =02 Package of
Ty - (L - ©3 Package of
VT - S - Lup Package of
V& - (e - RECH Package of
Je2 - &L —632 Package of
VT2 - e —oz Package of
\/ L Tr - (e ~ef Package of
V_Ts51 - Co - 04 Package of
Package of
Package of
Package of
San,ofe TEl-Cl-03 D ve . 1-Z6-% Package of
Package of
Package of
Package of
Package of
Package of
Package of
Package of

Relinquished by (init/date) Transport

Received by (init/date)

08 )iz




ABB/BATTELLE OCEAK SCIENCES

(00ler _# F

PARRIS ISLAMD ENVIRONMMENTAL ASSESSMENT STUDY

FIELD CHAIN-OF-CUSTODY FORM

ABB Project # 07540-04

Battelle Project # ___;QZLIE:Qﬂﬁlf

Sample Matrix/Type M - I

Storage Conditions DM le

Completed by M _e_n_g

Sampie Fisld: IDs
6' PPi—md-ot

- [- My- 02
/=Pl - _my-o3
v - P2 - mu-pj
\?- T61- M- 01

~_J&l- MP-02

‘»? ;zt = MV-03

/- Ttr2- MU= of

?— TE2- - 02

vz Tea - mu -p3

> _Tea - mu- ARH

/""" Pl - fI -02
’IQ"‘ Pi- FL 03
V///~ Pl - FL -ofF AkCH
/- fA - fz-02
- T62- FT -0y

> _f2- F1 - o}

Relinquished by (init/date) Transport

Date //’Jg.f- q/

00024~

-

Package- | ot
Package _ |  of

Package
Package
Package
Package
Package
Package
Package
Package
Package
Package
Package
Package
Package
Package
Package
Package
Package
Package

Receive

{
[
/
{
!
/
/
!
/
/

of
of
of
of
of
of
of
of
of
of

[ of

of
of

L of

of
of
of
of

!

P

by (init/date)

11-264
7




00024sg
ABB/BATTELLE OCEAN SCIENCES
PARRIS ISLAND ENVIROMMENTAL ASSESSMENT STUDY
PIELD CHAIN-OP-CUSTODY FORM
ABB Project # 07540-04
Battelle Project # ____ G2135-0001
Sample Matrix/Type oy
Storage Conditions -~ /. . .
Completed: by a Date !l -5 U
e S WM R -~ ST TR SR A
J/P‘r ijLLYﬁ}sz Package: ‘' of 2
~ pi- OY- or Package L of 2
Ve P2-6¥Y-03 Package ! of L
¢/~ pP2-0Y-03 Package L of .-
> __P2-oy- 0OF Package { ot _ 2
~ Pr-oY - o4 Package L of _ 2
? L -09- DL Package [ ot 3
P2-0¥- ok Package ~ of 2
V/t- Pi - 0Y- DL Package | of N
/~ Fl - oy - 02 Package N of .
u/ PL-07- ol Package ’ of B
v/ P2 -0y - Of Package L of 2

Cooler 2

Package of
Package of
Package of
Package of

Package of
Package of
Package of
Package of

Relinquished by (init/date) Transport Received by (init/date)

Db Ju-2-9




ABB Project #

ABB/BATTELLE OCEAM SCIENCES
PARRIS ISLAND ENVIRONMENTAL ASSESSMENT STUDY

PIELD CHAIN-OP-CUSTODY FORM

07540-04

Battelle Project # ___ G2135-0001
Sample Matrix/Type

oY

Storage Conditions Qru g

Completed by

v, T&2-0Y-04

. W

-DY-

/.
162 QY—64—

/ k2 -

1&2-0Y- ARCH_

‘/ Té&2-pY- ARCH

v -OY- fuf
T62-0Y-
Ea

/, Te7- 0Y-

Fl- _b7- ARG

-/ PL- ov- ARCA

S Pl- 0y- 8>

/. Pl- 6Y-03

Relinquished by (init/date)

Transport

Covler #5

000249
-
pate /-3 -9
Package-__ | oz _3
Package 2 of 3
Package _ 3  of _3
'~ Package [ of _2

Package 2 of 3
Package 3 of _ 2
Package { of 3 w»
Package Z of _J2
Package _ .3 of _3
Package __ /]  of 2
Package ___ 2 of Z
Package __L__ of 2
Package of Z
Package of
Package of .
Package of .
Package of
Package of __
Package of __
Package of ___

Received by (init/date)
_ D8 [ u-ze




ABB/BATTELLE OCEAN SCIENCES

- Cooler l-C%Aﬂ%rS

PARRIS ISLAND ENVIRONMENTAL ASSESSMENT STUDY

ABB Project #

PIELD CHAIN-OF-CUSTODY FORM

07540-04

Battelle Project # G2135-0001
Sample Matrix/Type

oy

Storage Conditions i, lce

Completed by

Angz  Fag

Sample rield IDs

v _Tel - oy- ol
J Tt —py- ol
S Ti- 0y- 0Of
v Tt - oY -2
AL T6l _-—oy- 02
VIl - 6y -~ DR
vV Tel- 6Y - 03

v d¢l- 0Y -03

v Tt - oY - 02

& - 0Y- OF

VI8 T o¥- A%

S T - 0Y- &4

Relinquished by (init/date)

Transport

000250
pate {{-25-9{

Package l of 3
Package - < of 3
Package ES of 3
Package | of 3
Package 2 of 3
Package 3 of ~ 3
Package [ of 3
Package A of _3
Package _ of 3
Package / of 3
Package - of 3
Package of 3
Package of
Package of
Package of
Package of
Package of
Package of
Package of
Package of
Recejved by (init/date)

d7

nern
»




ABB/BATTELLE OCEAM SCIENCES

PARRIS ISLAND ENVIROMMENTAL ASSESSMENT STUDY

FIELD CHAIN-OP-CUSTODY FORM

ABB Project # 07540-04
Battelle Project # G2135-0001
Sample Matrix/Type oYy

Storage Conditions [, /e
Completed by it ‘@

looler 3

000251

Sample rield IDs

Tel- 0Y- Arch

/_T61--9Y- AR
/‘l’(,i' —0Y- ARCH
S Tr- 0y - bl
/_T&z- 0oy - O]
J_T&2 -0y - ¢

S IG2 -0y~ p2
S Thar- 0Y- 0
T2 - OY - 02
J T62-0Y - 03
S T2 - Y - 03
/ T2 - 0Y- 03

Relinquished by (init/date) Transport

pate _JI2S5-9/
Package z of 2
Package ___2 of _3
Package 3 of _3
Package ___|  of 3
Package 2 of 3"___
Package 3 of 3 - -
Package ___ |  of _ 3 .
Package __2  of _3 =
Package Z of 3
Package ] of 3
Package g= of 3
Package of _3
Package of
Package of
Package of
Package of
Package of
Package of
Package of
Package of

Received by (init/date)

0P /ﬂ—Zé“W




Looher #4

000252
ABB/BATTELLE OCEAN SCIENCES
PARRIS ISLAND ENVIRONMENTAL ASSESSMENT STUDY

FIELD CHAIN-OF-CUSTODY FORM
ABB Project # 07540-04
Battelle Project # G2135-0001
Sample Matrix/Type (A —f£7-0Y
Storage Conditions fon, | _
Completed by _ #f pate //-25 9,
Sample rield IDs

P2 - CR- Of Package { ot (

P> - (- 02 Package __ | ot !

V. Fl-(R- D3

S F1- (R HE

V' Fi- CR ~[LRCH

- R Of

7~ Fl -(&- o1

V. F - R~ o3

VPi- (K - of
V_E - (k- LuF
SOl - (R - R
/]/r-l - R - O

S TEL - LR ToN

AR T

\/ !’\i : Ot p((’(/”

S P2 - e RRLH
//f‘{ DY - i;‘ﬁ
VE - oY - ¥

Relinquished by (init/date)

Transport

Package ( of {

Package ! of _
Package ! of _ [
Package 1 of __ L
Package { of /
Package [ of 3
Package ! of :

Package __ . = of
Package __ | = of
Package _ '~ of
Package ___ -~ of
Package _ = of

Package / of 2
Package s of Z
Package / of _2_
Package 2_ of 2o

Package __of
Package __ = of

Received by (init/date)

DPB [ f-ze%




Batteile Duxpury Operauons »
SAMPLE RECEIPT FORM 000253
Clieat ABB /farcis Lsland Envitopmental fosessment fu},

No. of Shipping Containers_]\ Date/Time Received__11-2691 1015

? G of Samgleq, Y ompty L.

=P [odsardass)

Project Number (521350003

SHIPMENT

Method of Delivery: Commuud&m(AirbﬂlNo.
d delivered

\@ q0o0fs973oau
COC Forms: lhmwdmhmpm =] ~ |qpalsa72a337
—No forms . — T
COC Seal: on each container _____ Seal intact for each shippi '-'HJUIS‘T?BIEI].S
No COC seal —_Seasl broken (list impacte
- 900537304z
MV_\ HUdS‘i‘?fa‘iBZj
P ‘ ‘ﬁ » %0 ds 97395y
Sample Labeis: . Sumple labels agree with COC forms - e 900597300t
Discrepaacies (list below) ' ;
One Sample Missing- TeI-GL -O3 |a0dlsa724s
. P [odsarass
CUSTOMER PACKAGE TRACIUNG NUMBER — PURL UP P *-™ & T,
COC Seak on each sample container _____Seal intact for each sampie contamer
No COC seal —.Seal brokea (list impacted samples) -
Condition of Sampiess _,/ Sample containers intact -
Sampie containers brokea/lesking
(list impacted sampies with descripuon of probiem)
Temperature upon receipt: __ Ambient _Cool ‘/me
Note: If temperatare upon recsipt differs from reqmmd enndmons. describe deviation and list
impacted sampies:
Storage Location:__freezer ¥ plw
Additional Comments: -

Sunpies ogged in by:_snid £ Thudn

DatefTime //-26 -‘i///zao




BATTELLE OCEAN SCIENCES

000258
LABORATORY CHAIN-OF-CUSTODY FORM
Project Number (Q{35- OGO Sample matrix mellet /iven
Storage conditions  free2e
Homogenized samples logged in by (initial/date) (w2 / 11-33-9;
Sample IDs )
T6-AVL-03
Te-Avl -0t v /
TGI-Mol -Qd /
Pl-Mul-91 v /
PA-Myl -0} v /
PLMvl-0 /
-R'Ll‘l/‘\u‘ -0 V/ /
Pl-Myl-0) ~ /
TGJ-MUI-‘D\LF / /-
sl-M -l /.
e /
e /
/ /
e 7
e /7
e /
- ' /.
/ /
Relinquished by Received by Storage
(initial/date) (initial/date) location
C*D  1r33-q qa [ 1239 el orng,




BATTELLE OCEAN SCIENCES OO ()?,
()

LABORATORY CHAIN-OF-CUSTODY FORM

Project Number (52135-000%
Storage conditions

Sample matrix mollet onet

Freeze,
Homogenized samples logged in by (initial/date)

Gwd ji.‘z-aa-m

Sample IDs

P2- Mum-0\
Pl-Mum-0| . V4
PI~-MUM -0
Pl-mum-03 /
T63- UM -03 /
T2 -Mum-0Ox . /
TGa-MUM -G /
JG2- mUM =Dy P /
1Gl- MuM-01 / :
Tal- MuUm-03 / -
16l - Mum-03 - /.
_— /
_— /.
_— /
_— /
- /
,/ /

Relinquished by

Received by
(initial/date)

(initial/date)

gwd [ 1a-01-a) Gt/ 12190

Storage
location

e, lk’ 0y F/PCC@P




066136

BATTELLE OCEAN SCIENCES

LABORATORY CHAIN-OF-CUSTODY FORM
Project Number Gll:}i-woﬁ Sample matrix Fish Lver

Storage conditions {Feppe

Homogenized samples logged in by (initial/date) Gwd 1H-3F-§)

Sample IDs .
Pl-F1L -Arly ~
Pl-FiL-03 /
WG2-FL -0 ¢ L/
PA-FIL-03 ~ L
pR-£iL -0 v /
el-FIL -0 /.
“FIL -9l v 4
P /
d /L
- i
e /
e /.
i )
e /
e A
i //
/
Relinquished by Received by Storage
(initial/date) (initial/date) location
G¥WDd  F33a| - WIBER

Mﬁ.—m.#y-__




BATTELLE OCEAN SCIENCES 00026,

LABORATORY CHAIN-OF-CUSTODY FORM

Project Number (GQ{3s-0003 Sample matrix £sh /49‘4—

Storage conditions  {fepap

Homogenized samples logged in by (initial/date) SwDd ra2-9 |

Sample IDs

PI~F[M'03 /

Pl-FIM =Apcl, o y4

TG2-Fim-o| /

Pl-FIM -0 v /

PI-Fim-gl /.

Pl1-F/M-0) /

N-EIM-0x /.

Relinquished by Received by Storage
(initial/date) (initial/date) location
(=D 127 ~q) Q8 [u.13.2 Waike: 1 fretren




&

000138
000262

BATTELLE OCEAN SCIENCES

LABORATORY CHAIN~-OF-CUSTODY FORM

Project Number (H213%5-003 Sample matrix Crafl Tissve

Storage conditions _ frrese
Homogenized samples logged in by (initial/date) GvD =~ 11-2%-9)

Sample IDs )

Pl-CR-03

G2-cR-03 /
Pl- cR-0 /
P2- CR- 0 /
TGR-CR-0Ol /
pPa-cR-03 /
Pl-cR-o0l 7

| -CR-Dug yd

PR-cR-04 - /
Pl-cR-0Y4 /

PI1-CcR-Cl /

_— /
— /
e /
— /
e /
e /
///’
Relinquished by Received by Storage
(initial/date) (initial/date) location

Cwp [ t-2z-a1 TR/ nips walkin




086139

BATTELLE OCEAN SCIENCES O O U 2 6 J‘

LABORATORY CHAIN=-OF-CUSTODY FORM

Project Number G213 - 0003 Sample matrix _claem Tisve
Storage conditions ;ﬁigL,

Homogenized samples logged in by (initial/date) Gwb /"'-1?-“!

Sample IDs
TQ;CL_ bvp v’
1GR-Cct- 0y v 4
TG_QLCL'OK v /
TGa ~CL -0 /
TGa-CL-al /
TG1-CL-03 . /
_TEl- CcL-0O /.
- /
e /
e a -
i /.
- /
e /
) /
/ 4
) /
e 4
— ~
Relinquished by Received by Storage
(initial/date) (initial/date) location
Gwn (1239 gA [ 11139 Walk 'n




~006140—

BATTELLE OCEAN SCIENCES 000264

LABORATORY CHAIN-OF-CUSTODY FORM

Project Number Ga2!35-0003 Sample matrix OYSTFR TISVE

Storage conditions {reez¢
Homogenized samples logged in by (initial/date)

Gwa/ 1a-03-a/

Sample IDs . i _
TG2-0Y-03

T6i- OY-0  / '
Pl- oY-0Q /
T2~ 0Y-0Y4 /
TGl- OY-04 v
2-0Y-03
tQ-0Y-Q3 /
/
Vi
J
J/

R -0Y- G
T63-0Y-0]
Pl-aY-0!
P1-0y-03
1G2-QOY-Dup /
P\- ov- 04 /
TG\ -0Y- Ol / /
T6-0Y-0a- ; /

_—— — 4

Relinquished by Received by Storage
(initial/date) (initial/date) location

qw>r / 2-03 91 s z/o3]91 WK -TH Gegrer




APPENDIX B

LABORATORY DATA



TABLE B-1

DATA QUALIFIERS
Data Qualifier Purpose

J Detected, but below the MDL".

E Estimate; significant matrix interference.

B® Analyte detected in the procedural blank at >5 x the MDL®.

ND Not detected; a value of 0 will be reported in the concentration/value
column.

NC* Not confirmed; identified and quantified using primary column analysis
but was not qualitatively confirmed in the second-column analysis
(PCB/pesticide data).

& QC value outside the accuracy criteria goal.

QC value outside the precision criteria goal.

# The organics MDLs reported in the MDL table were determined with an average sample weight of 2.23
g. Separate MDLs were calculated for each matrix type (analytical batch) in this study, by correcting the
original MDLs using the average sample weight for each matrix/batch. Average weights of 6.440 g
(batches 1 and 3), 1.289 g (batches 2 and 4), 8.683 g (batch 5), 2.198 g (batch 6), and 3.246 g (batch 7)
were used. Mercury MDLs were determined for each batch in the laboratory for this study.

® This qualifier was used to qualify both the Procedural Blank sample data (reported on a dry weight
basis using the approximate average sample dry weight of the analytical batch) and all affected field
sample data.

¢ Qualitative (not quantitative) second-column confirmation for pesticides was performed for this study.
Lindane, 2,4-DDD, and 4,4-DDT coelute with Cl,(18), Cl;(118), and Cl,(187), respectively, on the
confirmatory column. These pesticides could therefore not be confirmed when they and the coeluting
PCB congener were both identified in the primary analysis, even though the pesticide might have been
present in the sample.

Parrisis.ESi
FGB.08.93 B-1



Field Sample Data — Polynuclear Aromatic Hydrocarbons (PAH)



Parris Island Tisgsue Analysis
PAH Date in ug/kg DRY WEIGHT for BATCH1
Report Date: LAL 01/21/92 15:22

G2135-0002

File Name: PANFIELD.WK1

Sample Number: P1-FIN-0V
Batch Number: BATCH
Sample Ory Weight (g): 7.324

sample Lipid Weight (9/g):  O.

naphthalene
2-methylnaphthslene
1-methylnaphthalene
biphenyl
2,6-dimethylnaphthalene
acenaphthylene
acenaphthene
1,6,7-trimethylnaphthalene
fluorene

phenanthrene

anthracene
1-methyliphenanthrene
fluoranthene

mene
z (a) anthracene
chrysene

benzo (b) f luoranthene
benzo(k) fluorsnthene
benzo(e)pyrene

benzo(a) pyrene

perylene
indeno(1,2,3-c,dipyrene
dibenz [a,h] snthracene
benzolg,h, iJperylene

Nl.l.s

Not Detected
Detected, but below the MOL

1876

) N
SEEERAGRSILBTE
bg!ll—sl-l.l-s&l-l-hl.ﬁ.hsbhl-hbb

.

e s s e e s
;RO
o0

D000 0COOOOOO=OONrNOODON=NW

Analyte is > 5 times MOL in Blenk
Estimate,significent metrin interference

Edited : LAL 2/24/92

P1-FIN-02
BATCHY
6.635
0.0482

OO0 000000 == OUNDOO=WNWO
N = 1 W o N SO
S8RNEBITFTBLABRRAGTVNANSILUINENS

P1-FIn-03
BATCHY
3.317
0.0422

..............
832833838 ushu2828UYLIS
= - G & = e e G &
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OCOO0000000O~OON~O000wuwaN
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0000 PO00000000=~00CO WU
EEEEEEEEEE - -FEE--~"

1G2-FIN-01
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6.736
0.0351
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1.070
0.1066

BATCH3

TG2-WUN -DUP

TG2-Mum-03
BATCH3
6.733
0.0618

BATCH3
6.626
0.1333

T6G2-MUM-02

BATCH3
1.579
0.2516

TG2-MUN-01

BATCH3
3.939
0.1618

1G1-MUM-03

7.388
0.1254

TG1-MUM-02
BATCH3

TG1-MUM-01
BATCH3
7.261
0.3013

BATCH3
8.521
0.2195

P2-MUM-01

BAYCH3
4.932
0.1603

Pt-mm-03

6.299
0.0505

P1-MUM-02
BATCH3

BATCH3
5.359
0.1523

P1-MUM-01

A\

Parris Island Tissue Analysis
PAH Data in ug/kg ORY WEIGHT for BATCH3

Report Date: LAL 01/16/92 14:03
62135-0002

File Name: PAHFIELD.WK1

Sample Dry Weight (g):

Sanmple Lipid Weight (g/9):

Sample Numbert

B8atch Number:
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8>5 times MOL in Blank

E - Estimate,significant matrix interference

J - Detected, but below the MDL

ND - Not Detected
8 - Analyte



SATCHS
10.391
0.0189

1G2-CR-02

BATCHS
8.950
0.

162-Cr-01

. P2-CR-04
BATCHS
8.711
0.0331

P2-CR-03
BATCHS
10.029
0.0235

P2-CR-02
BATCHS
7.727
0.1640

9.609
0.0446

P2-CR-01
BATCHS

P1-CR-DUP
BATCHS
8.898
0.0327

P1-CR-04
BATCHS
9.753
0.0361

P1-CR-03
BATCHS
7.472
0.0335

P1-CR-02
BATCHS
6.902
0.110%

P1-CR-01
BATCHS
T.176
0.0614

«ond Tissue Anslysis
PAH Datas in ug/kg DRY WEIGHT for BATCHS

Report Date: LAL 01/16/92 14:11

G2135-0002
File Name: PANFIELD.WX1
Semple Lipid Weight (g/9):

Sample Number:
Sample Dry Weight (g):

Batch Number:

Parri.
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but below the MOL

€ - Estimate,significent matrix interference

8 - Anslyte s > 5 times ML in Blank

ND - Not Detected
J - Detected



TG1-0v-02
BATCH7
2.794
0.0657

BATCHZ
2.680
0.0647

YG1-0Y-01

P2-0Y-04
BATCH7
3.808
0.1058

3.599
0.0845

P2-0v-03
BATCH?

3.940
0.0867

P2-0Y-02
BAYTCH?

p2-0Y-01
BATCHY
3.759
0.0936

P1-0Y-04
BATCH7
3.535
0.0640

P1-0Y-03
BAYCH7
4.436
0.1114

Pi-0v-02
BATCH?Y
3.649
0.0937

P1-0v-0V
BATCH?
3.375
0.1234

Porris Islend Tissue Analysis

PAK Data in ug/kg DRY VEIGHT for BATCH7
Report Date: LAL 01/17/92 07:48
62135-0002

File Name: PANFIELD.\WK1

Sample Dry Weight (g):

Sample Lipid Weight (g/9):

Sample Number:

Batch Number:
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Sum of PAH Analytes:
but below the MOL
B - Analyte fs > 5 times MOL in Blank
€ - Estimate,significent matrix interference

ND - Not Detected

J - Detected



Field Sample Data — Polychlorinated Biphenyls (PCB) and Chiorinated Pesticides



162-FIN-01
BATCHS
6.736
0.0351 .

P2-FIM-02
BATCHY
5.243
0.0703

6.117
0.0523

P1-FIN-ARCHN P2-FIN-01
BATCH1

3.317
0.0422

P1-FIN-03
BATCHY

6.635
0.0482

P1-FIN-02
BATCHY

BATCH1
7.324
0.1876

P1-FIN-01

PCBPEST Data in ug/kg DRY WEIGHT for BATCH1

Parris .sland Tissue Analysis
Rseg:tnoascz LAL 03720792 15:45
File Name: PCBFIELD.WX1

Sample Dry Weight (g):

Sampie Lipid Weight (9/9):

Sample Number:
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but below the MOL
€ - Estimate,significent matrix interference

NC - Not Confirmed by second column analysis

8 - Analyte is >S5 times MOL in Blank

ND - Not Detected

J - Detected



GHT for BATCH3

File Neme: PCBFIELD.WK1
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nMBLYLE 'S

NC - ¥ot Confirmed by second coiumn anaiysis

[ Py RPN

E - Estimate,significont metrix interference

ND - Not Detected
Jd - Detected



TG2-CR-02
BATCHS
10.39%
0.0189

P2-CR-03

BATCHS
2.509
0.0446

P2-TR-01

~LK-DW¥Y
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CiS-CHLORDANE
TRANS - NONACHLOR

HEPTACHLOREPOX IDE
DIELORIN
4,4-DDE
CL4(TT)
CL5¢118)
4,4-000
oot

CL4(48)

AROCLOR 101671242

HEXACHLOROBENZENE
AROCLOR 1221

LINDANE

AROCLOR 1232
AROCLOR 1248
Arocioe 1254
AROCLOR 1260

HEPTACHLOR

cL2(8)
CL3(18)
Ci3(28)
cLL(52)
ALORIN
CL&(44)
2,4-0DE
CL5¢101)
2.4-00D
ENDRIN
CL6(153)
€15¢105)
4,4-D0T
CL6(133)
CL5(126)
CL7(187)
CL6(12B)
CL7(180)
NIREX
CL7(170)
CLB(195)
CL9(206)
€L10(209)

Ao mane 2.

but below the ML

. B = ANALYIE I3 7 J LIWES WL ')
E - Estimate,significant metrix

NC - Not Confirmed by second column analysis

J - Detected

ND - Not Detected



161-0v-02
BATCH?
2.794
0.0657

1G1-0v-01
BATCH?
2.680
0.0647

BAICH?
3.808
0.1058

P2-0Y-04

3.599
0.0845

P2-0Y-03
BATCH7

3.940
0.0867

P2-0Y-02
BATCH7

3.759
0.0936

P2-0v-01
BATCH?

P1-0Y-04
BATCH?
3.535
0.0640

P1-0Y-03
BATCH7
4.4636
0.1114

P1-0Y-02
BATCH?7
3.649
0.0937

BATCHY
3.375
0.1234

P1-0v-01

]
L}

Parris Island Tissue Analysis
PCBPEST Date in ug/kg DRY WEIGHT for BATCH?7

Report Date: LAL 03720792 16:01

62135-0002
File Neme: PCBFIELD.WX1

Sample Dry Weight (g)
Sample Lipid Weight (g/g)

Sample Number:

Batch:
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162.
138.

155.3
121.8

149.7
114.3

180.7
138.0

198.4

119.1

132.5
223.5

120.0

146.9

211.5
167.3

(

Sum of PCB Congeners:

Sum of DDTs, DDDs, and DDEs:

8 - Analyte {s > 5 times ML in Blank
E - Estimate,significant matrix interference

NC - Not Confirmed by second colum snalysis
J - Detected, but below the MOL

ND - Not Detected



Field Sample Data — Mercury



Parris Isiand Tissue Analysis
Mercury Data in ug/g DRY WEIGHT

G2135-0003

File Name: HGFIELD.WX}

Sample ID

P1-FIN-01
P1-FIM-02
P1-FIN-03
P1-FIM-ARCH
P2-FIN-01
P2-FIN-02
T62-FIN-01
P1-F1L-01
PY-FIL-02
P1-FIL-03
P1-FIL-ARCH
P2-FIL-01
P2-FIL-02
TG2-FIL-01
P1-mMuM-01
P1-Mum-02
P1-MuN-03
P2-MUM-01
T61-MUN-01
TG1-MUM-02
TG1-MUM-03
TG2-MUN-01
TG2-MmM-02
TG2-MM-03
TG2-MUM-DUP
P1-MUL-01
£1-MuL-02
P1-MUL-03
p2-muL-01
T61-MUL-01
T61-MUL-02
TG2-MUL-01
TG2-MUL-02
TG2-MUL-03
TG2-MUL-DUP
P1-CR-01
P1-CR-02
P1-CR-03
P1-CR-04
P1-CR-DUP
P2-CR-01
P2-CR-02
P2-CR-03
P2-CR-04
TG2-CR-01
162-CR-02
T61-CL-01
T61-CL-02
762-CL-01
TG2-CL-02
TG2-CL-03
162-CL-04
TG2-CL-DUP
P1-0Y-01
P1-0v-02
P1-0Y-03
P1-0Y-04
P2-0Y-01
P2-0Y-02
P2-0Y-03
P2-0v-04
161-0Y-01
161-0v-02
761-0v-03
161-0Y-04
162-0Y-01
7162-0Y-02
162-0Y-03
162-0Y-04
TG2-0Y-0UP

Batch #
Work Plan Mercury Analysis

1

1

1

1

1

1

1

é

é

é

é
647

NNNNNNNNNANNNNNANNNCOOCOCOCOCOVVAVIVUVIVVAAVIVIABESE S SRR SRR P UUWUHUWLIWWLIIWW W RN N NN PPN = b b b b b ot
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Hg Conc.
(vg/9)

0.285
0.341
.0.293
0.229
0.285
0.276

§383§
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pElugss
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EF I S ETY
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N wa o
&3

0000000000000 0D0OD0O00DOCDOOOOO0O0OOOOOO
.
nN
~n
porey

Ed 1/23,24,28/92 EX

8 - Analyte detected in Procedural Blank at >5X MOL.

The data for samples P1-FIM-ARCH, P2-FIL-01, TG2-MUM-DUP
P2-MUL-01, P1-CR-DUP, TG2-CL-DUP, and TG2-0Y-DUP are
sverages from dupiicate analyses.

P2-FIL-01 is an average of duplicate analyses, with one
being performed with batch 6 and the other with batch 7.



Parris Island Tissue Analysis
PAH Data in ug/kg WET WEIGHT for BATCH |

Sample Number: P1-FIM-01
Batch Number: BATCHI
Sample Dry Weight (g): 7.324
Sample Lipid Weight (g/g): 0.1876
Sample Moisture Content (%): 75.638
MDL

naphthalene 11.39 0.82
2-mecthylnaphthalene 14.21 0.62
1-methylnaphthalenc 13.99 0.43
biphenyl 18.49 0.60
2,6-dimethylnaphthalene 16.41 0.31
acenaphthylene 15.717 0.12
acenaphthene 14.35 0.20
1.6,7-trimethylnaphthalenc 14.04 0.12
fluorene 13.17 0.70
phenanthrene 18.19 1.08
anthracene 13.36 0.14
|-methylphenanthrene 24.37 0.07
fluoranthene 30.38 0.38
pyrene 28.04 0.14
benz|a]anthracene 25.54 3.10
chrysene 26.44 0.07
benzo|b}fluoranthene 46.94 0.05
benzolk)fluoranthene 31.55 0.03
benzol¢]pyrene 24.12 0.03
beazo[ajpyrene ’ 24.78 0.03
perylene 29.72 3.6l
indeno[1,2,3-c,d]pyrenc 12.08 1.47
dibenzfa, hjanthracene 17.25 2.10
benzo(g.h.ilperylene 22.28 0.08

Sum of PAH Analytes: 16.4

ND - Not Detected

J = Dectected, but below the MDL

B - Analytc is > S times MDL in Blank

E - Estimate,significant matrix interference

(

P1-FIM-02

-t Gm e b W b W e e W W

BATCHI
6.635
0.0482
78.181

1.46
0.77
0.53
0.82
0.37
0.05
0.15
1.53
0.48
omn
0.12
0.14
0.42
0.29
2.719
0.15
0.06
0.03
0.04
2.70
k)
0.05
1.88
0.15

19.0

P1-FIM-03 1-FIM-ARCH P2-FIM-01
BATCHI BATCHI BATCHI
a3 6.117 6.755

0.0422 0.0523 0.0380
80.747 80.189 78.209

3.80 1.33 1.35

] 1.57 0.61 } 0.56
] 0.86 J 041 ) 0.42
] 084 J 1.26 J 0.37
J 0.62 J 0.24 J 0.26
J 1.52 ND 1.56 ND 1.2
J 1.38 ND 1.42 ND 0.13
ND 1.35 ND 1.39 ND 1.53
) 0.50 1 0.26 ) 0.42
J 0.64 } 0.27 ) 0.59
) 0.16 J 1.32 ND 0.03
J 2.35 ND 0.05 ) 0.05
J 0371 0.14 ) 0.26
) 0.26 J 0.13 ) 0.11
ND 2.46 ND 2.53 ND 2.78
J 0.18 J 2.62 ND 2.88
J 4.52 ND 4.65 ND 0.07
] 3.04 ND 3.13 ND 0.03
] 2.32 ND 2.39 ND 2.63
ND 2.39 ND 245 ND 2.7
ND 2.86 ND 294 ND 3.4
] 1.16 ND 1.20 ND 1.2
ND 1.66 ND 1.71 ND 1.88
J 2.14 ND 2.21 ND 0.10
9.0 36.2 254

P2-FIM-02

BATCHI1
5.243

~ 0.0703
80.602

1.96
0.86
0.69
.0.70
0.33
1.53
1.39
1.36
0.34
0.36
0.05
0.10
0.18
0.15
248
2.56
4.55
3.06
24
2.40
288
.17
1.67
2.16

353

TG2-FIM-0I
BATCHI
6.736

0.0351

78.974

1.32

J 0.92
J 0.67
J 0.29
J 0.56
ND 1.66
ND 0.11
ND 1.47
J 0.26
J 0.26
J 0.04
J 0.07
} 0.10
J 0.09
ND 2.69
ND 2.78
ND 4.93
ND i
ND 2.54
ND 2.61
ND in
ND 1.27
ND 1.8)
ND 2.34
35.2



Parris Island Tissue Analysis
PAH Data in ug/kg WET WEIGHT for BATCH2

Sample Number: P1-FIL-01
Batch Number: BATCH2
Sample Dry Weight (g): 4.707
Sample Lipid Weight (g/g): 0.7036
Sample Moisture Content (%): 53.322
' MDL

naphthalene 11.39 8.56
2-methylnaphthalene 14.21 5.61
I-methylnaphthalene 13.99 3.88
biphenyl 18.49 9.31
2,6-dimethylnaphthalenc 16.41 e
acenaphthylene 15.717 3.9
acenaphthene 14.35 1.90
1.6, 7-trimethyinaphthalenc 14.01 1.4
Nuorene 13.17 11.39
phenanthrene 18.19 21.91
anthracene 13.36 2.75
1-methylphenanthrenc 24.37 0.36
fluoranthene 30.38 6.32
pyrene 28.04 1.6l
benz[a)anthracene 25.54 0.63
chrysene 26.44 0.4
benzo{b)fluoranthene 46.94 10.96
benzo{k}fluoranthene 31.55 1.36
benzofc)pyrene 24.12 5.63
benzola)pyrene 24.78 0.49
perylene 29.72 6.94
indeno[1,2,3-¢c,d)pyrene 12.08 2.82
dibenz[a,hjanthracene 17.25 4.03
benzolg,h,i]perylenc 22.28 5.20

Sum of PAH Analytes: 126.3

ND - Not Detected

J - Detected, but below the MDL

B - Analytc is > 5 times MDL in Blank

E - Estimate, significant matrix interference

- em wm b e

ND
ND

ND
ND
ND
ND

P1-FIL-02
BATCH2
4.035
0.5157
61.255

14.72
5.28
394

26.80
2.67
1.09
2.83
2
7.59

16.56
2719
1.42

§1.59

46.95
4.95
0.6l
9.09
6.11
4.67
4.80
5.76
2.4
314
4.32

192.9

ND

ND
ND
ND
ND
ND
ND
ND
ND

P1-FIL-03 |-FIL-ARCH
BATCH2 BATCH2
0.025 0.100
4.8000 0.0760
57.684 57.684
546.21 127.33
88.19 2.3
68.55 20.35
391 ND 108.50
347 ND 347
334 ND 3134
304 ND 19.76
296 ND 2,96
2.79 ND 279
48.64 44.39
2.83 ND 2.83
5.16 ND 5.16
29.25 81.37
43.22 520.36
540 ND 5.40
5.59 ND 6.47
14.25 | 9.93
10.14 J 6.68
5.10 ND 5.10
524 ND 5.24
6.29 ND 6.29
2.56 ND 2.56
3.65 ND 3.65
4.71 ND 10.96
914.5 1037.3

ND
ND

ND
ND

ND
ND

ND

ND
ND
ND
ND
ND
ND
ND

P2-FIL-0l
BATCH2
2.957
0.5899
58.476

16.66
9.09
4.92

14.60
3.06
]
4.60
291

10.19

22.89
1.56
0.84
9.21
370
0.56
1.22
0.89
0.50
0.26
0.27
043
2.51
358
0.54

116.7

P2-FIL-02 TG2-FIL-0I
BATCH2 BATCH2
0.114 1.311
0.3000 0.0899
57.684 57.684
75.13 10.02
3,01 ND 4.17 )
296 ND 226 J
18.19 111 J
347 ND 347 ND
34 ND 3134 ND
3.04 ND 304 ND
2.96 ND 296 ND
9.06 J 1.12 )
14.85 1.31 )
2.83 ND 2.83 ND
5.16 ND 5.16 ND
8.57 J 0.79 )
1277 ) 593 ND
540 ND 5.40 ND
446 J 5.59 ND
993 ND 0.70 )
6.68 ND 044 )
5.10 ND 5.10 ND
524 ND 5.24 ND
6.29 ND 6.29 ND
2.56 ND 2.56 ND
3.65 ND 3.65 ND
4.71 ND 4.71 ND
219.3 87.2



Parris Island Tissuc Analysis
PAH Dats in ug/kg WET WEIGHT for BATCH3

Sample Number: P1-MUM-01
Batch Number: BATCH3
Sample Dry Weight (g): 5.359
Sample Lipid Weight (g/g): 0.1523
Sample Moisture Content (%): 78.654
MDL

naphthalene 11.39 1.21
2-methyinaphthalene 14.21 0.67
1-methylnaphthalenc 13.99 0.36
biphenyl 18.49 0.24
2,6~-dimethylnaphthalene 16.41 0.26
acenaphthylene 15.77 1.68
acenaphthene 14.35 0.19
1,6, 7-trimethyinaphthelcnc ’ 14.01 1.50
fluorene 13.17 0.37
phenanthrene 18.19 0.73
anthracene 13.36 1.43
I-methylphenanthrene 24.37 0.06
fluoranthene 30.38 0.15
pyrene 28.04 0.13
benz{a}anthracene 25.54 2.713
chrysene 26.44 0.04
benzofb)flvoranthene 46.94 5.01
benzo{k)flvoranthene 31.55 3.37
benzofe]pyrene 24.12 2.57
benzofa)pyrene 24.78 2.64
perylene 29.72 3.7
indeno{ 1,2,3-c,d]pyrenc 12.08 1.29
dibenz{a,hjanthracene 17.25 1.84
benzo{g,h.i)perylenc 22.28 2.38

Sum of PAH Analytes: Mo

ND - Not Detected

J ~ Detected, but below the MDL

B - Analyte is > 5 times MDL in Blank

E - Estimate,significant matrix interference

(

PI-MUM-02
BATCH)
6.299

0.0505

79.359

0.92

[ 0.44
) 0.33
] 0.18
) 0.16
ND 1.63
I 0.13
ND 1.45
[ 0.24
) 0.46
ND 1.38
) 2.52
) 0.14
I 0.08
ND 2.64
] 2.73
ND 4.84
ND 3.26
ND 2.49
ND 2.56
ND 3.07
ND 1.25
ND 1.78
ND 2.30
37.0

PI-MUM-03
BATCH3
4.932

0.1603

78.023

1.14

) 0.57
J 0.38
J 0.28
] 0.24
ND 173
] 1.58
ND 1.54
) 0.31
J 0.50
ND 1.47
ND 2.68
] 0.17
J 0.10
ND 281
ND 291
ND 5.16
ND kK Y
ND 2.65
ND 2mn
ND 3.27
ND 1.33
ND 1.90
ND 245
413

P2-MUM-01 TGI-MUM-01 TG1-MUM-02 TGI-MUM-03 TG2-MUM-01 TG2

BATCH3
8.521
0.2195
75.118

1.68
1.25
0.717
0.51
0.50
0.15
0.83
0.15
1.20
1.94
0.12
0.08
0.61
0.27
3.18
0.08
5.84
39
3.00
3.o8
370
1.50
2.15
wn

393

- e b s e bWw

- W m

ND
ND
ND
ND
ND
ND
ND
ND

BATCH3
7.261
0.3013
76.242

1.98
3.2
1.74
0.73
113
0.21
0.92
0.37
1.32
1.69
0.23
2.89

- tm e e

0.61 J
0.25 )

303
0.30
0.28
378
2.87
2.94
315
1.43
2.05
2.65

40.1

BATCH3
7.388
0.1254
75.719

1.19
1.16

0.60 J

2.24
0.40
1.91
0.23
1.70
0.37

ND

ND

ND

0.55 }

1.62
2.95
0.18
0.08
3.09
3.20
5.68
3.82
2.92
3.00
3.60
1.46
2.09
2.70

46.7

ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

BATCH3
3.939
0.1618
78.796

1.27
0.76
0.47
1.96
1.74
1.67
1.52
1.49
0.28
0.39
1.42
2.58
0.22
297
2
2.80
4.98
Kk )
2.56
2.63
3.15
1.28
1.83
2.36

46.4

ND
ND
ND
ND
ND

ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

BATCH3}
1.5719
0.2516
75.485

1.60
2m
1.40
0.59
1.33
0.25
0.59
0.42
0.99
1.7
0.11
0.09
0.62
0.26
.3
0.10
5.75
0.09

- tm tm b e

- G e G

0.06 J

3.04
kX2
1.48
2.11
0.10

323

ND
ND
ND
ND



TG2-MUM-02 TG2-MUM-03

-t e e s

- m wn

BATCH3
6.626
0.1333
78.113

1.25
0.99
0.48
0.24
0.29
.73
1.57
1.53
0.24
0.50
0.09
0.05
0.29
0.08
2.7
2.89
5.14
345
2.64
27
125
1.32
1.89
24

379

BATCH3
6.733
0.0618
77.819

1.20
0.88
0.57
0.19
0.19
175
0.16
1.55
0.23
0.54
0.05
0.06
0.31
0.23
2.83
0.05
5.21
3.50
2.68
2.75
3.30
1.34
1.91
0.06

316

2-MUM-DUP
BATCH3
1.070

0.1066

71.031

1.14

J 1.36
J 0.72
J 0.27
J 0.71
ND 1.81
J 0.14
ND 0.13
] 0.29
] 0.53
) 1.53
J 0.07
J 0.25
] 0.12
ND 293
] o4
ND 5.3
ND 3.62
ND 2.7
ND 2.85
ND 341
ND 1.39
ND 1.98
] 2.56
39.0



Parris Island Tissuc Analysis
PAH Data in ug/kg WET WEIGHT for BATCH4

Sample Number: PI-MUL-0I
Batch Number: BATCH4
Sample Dry Weight (g): 0.201
Sample Lipid Weight (g/g): 0.0806
Sample Moisture Content (%): 74.53%
MDL

naphthalene 11.39 79.41
2-methylnaphthalene 14.21 39.98
1-methyinaphthalenc 13.99 26.01
biphenyl 18.49 23.81
2,6-dimethyinaphthalene 16.41 2.09
acenaphthylene 15.77 2.01
acenaphthene 14.35 7.94
1,6,7-trimethylnaphthalenc 14.01 1.78
fluorenc 13.17 11.61
phenanthrene 18.19 23.35
anthracene 13.36 595
I-methylphenanthrene 24.37 4.9
fluoranthene 30.38 9.81
pyrene 28.04 11.05
benz{ajanthracene 25.54 2.57
chrysene 26.44 5.37
benzo{bjfluoranthene 46.94 6.13
benzo|k]fluoranthene 31.55 383
benzofe)pyrene 24.12 3.07
benzofa)pyrene 24.78 3.16
perylene 29.72 3.78
indenof 1,2,3-c,d}pyrene 12.08 1.54
dibenz[s,hjanthracene 17.25 2.20
benzo|g,h,i)perylene 22.28 31.78

Sum of PAH Analytes: 313.2

ND - Not Detected

J = Detected, but below the MDL

B - Analyte is > 5 times MDL in Blank

E - Estimate,significant matrix interference

(

PI-MUL-02

ND
ND

ND

o e tm b wm e e

ND
ND
ND
ND

BATCH4
0.270
0.0985
74.531

47.43
24.13
14.21
17.73
2.09
2.01
2.56
1.78
6.40
15.85
2.66
2.45
5.75
4.7
3.25
2.62
5.98
4.02
307
316
378
1.54
2.20
1.31

180.2

P1-MUL-03

ND
ND

ND

-— e e

ND
ND

ND

ND
ND
ND
ND

BATCH4
0.244
0.1254
74.531

49.50
23.28
16.15
13.49
2.09
2.01
2.30
1.78
6.18
14.23
2.82
2.30
397
3.89
325
2.10
5.98
4.02
3.07
3.16
3.78
1.54
2.20
2.84

175.9

P2-MUL-01
BATCH4
1.3

0.1140

73.629

10.01

5.06

Jo4

3.61

ND 1.45
ND 2.08
J 1.22
ND 0.83
2.29

6.86

J 0.86
J 0.50
J 243
J 1.17
ND k)
J 0.51
ND 6.19
ND 4.16
ND J.as
ND i
ND 3.9
ND 1.59
ND 227
ND 29
7.8

TGI-MUL-01 TGI-MUL-02 TG2-MUL-01 TG2-MUL-02 TG2

e e e e

h_hhhhhhz
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BATCH4
0.585
0.4677
75.433

29.60
16.72
9.68
9.85
5.57
1.94
1.73
130
4.20
10.60
2.9
1.41
4.59
2.88
3.4
1.50
sn
kR:}
2.96
3.4
3.65
1.48
2.12
0.65

132.7

- e

- e W

ND
ND
ND
ND
ND
ND
ND

BATCH4
0.418
0.1249
74.531

nmn
20.07
12.63
13.75
7.42
2.01
1.80
3.05
4.38
12.61
2.80
2.07
in
3.62
3.25
1.93
5.98
4.02
3.07
3.16
378
1.54
2.20
284

159.4

= e e

- tw e e

ND
ND
ND
ND
ND
ND
ND
ND

BATCH4
0.796
0.3819
74.531

19.29
11.94
7.05

744 )

3.40
2.01
1.67
1.63
.07
10.02
1.61
0.86
.15
2.06
3.25
0.87
5.98
4.02
3.07
3.16
178
1.54
2.20
2.84

105.9

-

-

- e o G

ND
ND
ND
ND
ND
ND
ND
ND

BATCH4
0.346
0.2029
74.531

48.9)
21.96
13.06
16.72
5.19
2.01
2.38
2.38
8.77
21.57
3.36
248
6.13
4.84
325
1.64
5.98
4.02
l.07
l.ie6
378
1.54
2.20
2.84

197.2

ND

- e G e

ND
ND
ND
ND
ND
ND
ND
ND



TG2-MUL-03 2-MUL-DUP

ND

- s e

ND
ND
ND
ND
ND
ND
ND
ND

BATCH4
0.441
0.1184
74.531

30.95
16.53
10.01
117
4.49
2.01
1.84
1.78
3.97
11.68
241
1.82
4.49
i
325
1.31
5.98
4.02
l.o7
l.16
178
1.54
2.20
2.84

137.5

J
ND
J
ND
J

- m Y e

ND

ND
ND
ND
ND
ND
ND
ND
ND

BATCH4
0.335
0.2257
74.531

19.90
14.51
12713
5N
5.66
2.01
1.98
4.05
4.64
5.40
0.99
1.33
2N
1.60
3.25
Ky
598
4.02
o7
3.16
3.78
1.54
2.20
2.84

116.4

J
J
ND

- e e W e

2Z2ZZ2ZZIZTZZZ
[=ER i -l =i« i - - - B « B«



Parris Island Tissuc Analysis
PAH Data in ug/kg WET WEIGHT for BATCHS

Sample Number: P1-CR-0I
Batch Number: BATCHS
Sample Dry Weight (g): 7.176
Sample Lipid Weight (g/g): 0.0614
Sample Moisture Content (%): , 76.647
’ MDL

naphthalene 11.39 1.0t
2-methylnaphthalene 14.21 0.91
1-methylnaphthalene 13.99 0.51
biphenyl 18.49 0.23
2,6-dimethylnaphthaicnc 16.41 0.20
acenaphthylene 15.77 1.84
acenaphthene 14.35 0.28
1,6,7-trimcthylnaphthalene 14.01 0.14
fluorene 13.17 0.27
phenanthrene 18.19 0.37
anthracene 13.36 0.06
I-methylphenanthrene 24.37 0.07
fluoranthene 30.38 0.21
pyrene 28.04 0.2
benz[a]anthracene 25.54 2.98
chrysene 26.44 0.07
benzo[b)fluoranthene 46.94 0.08
benzo|k}fluoranthene 31.55 0.04
benzofe]pyrene 24.12 2.82
benzola]pyrene 24.78 2.89
perylene 29.72 347
indeno|1,2,3-c,d]pyrene 12.08 1.41
dibenz|a,h]anthracenc 17.25 2.01
benzo{g.h.ijperylene 22.28 2.60

Sum of PAH Analytes: 24.7

ND - Not Detected

J - Detected, but below the MDL

B - Analytc is > 5 times MDL in Blank

E - Estimate, significant matrix interference

(

J
)
J

_&hhh&hhz
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P1-CR-02
BATCHS
6.902
0.1101
71.761

1.07
1.00
0.54
0.39
0.25
0.08
0.59
1.56
0.48
0.58
0.08
0.08
0.45
0.39
2.84
0.18
0.21
0.13
0.08
0.12
0.06
0.06
1.92
0.13

13.3

PI-CR-03
BATCHS
7472
0.0335
75.454

0.93
0.73
0.35
2.7
2.01
1.94
1.76
.72
0.22
0.31
1.64
2.9
0.18
0.19
ERE
1
5.76
kR 1
2.96
34
3.65
1.48
2.12
2.713

49.2

ND
ND
ND
ND
ND

ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

PI-CR-04
BATCHS
9.753
0.0361
68.373

0.69
0.56
0.37
0.15
0.22
2.49
0.13
0.15
0.27
0.39
0.04
0.18
0.22
0.23
4.04
0.10
0.07
0.05
0.03
0.16
4.70
1.91
213
3s2

23.4

P1-CR-DUP

- s s s e

z
<

o e Er W v W e

BATCHS
8.898
0.0327
70.434

1.03
0.87
0.58
1.47
0.30
2.33
0.86
207
0.39
0.61

0.10 J

3.60

0.41 )

0.33
3.7
0.18
6.94
4.66
157
3.66
4.39
1.79
2.55
19

49.8

ND

ND
ND
ND
ND
ND
ND
ND
ND

P2-CR-0I
BATCHS
9.609
0.0446
68.18

1.63
1.43
0.75
0.33
0.38
0.09
1.08
0.1
0.39
0.45
0.06
0.09
0.22
0.19
4.06
0.07
0.06
0.05
3.84
3%
4.73
1.92
274
354

322
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ND
ND
ND
ND
ND
ND

P2-CR-02
BATCHS
7.727
0.1640
74.312

1.05
0.82
0.41
0.91
0.17

2.03-

0.26
1.80
0.20
0.33
0.06
0.08
0.30
0.22
32
0.10
0.10
0.08
3.10
3.8
is2
1.55
2.22
2.86

28.9

P2-CR-03
BATCHS
10.029
0.0235
66.628

0.98
1.08
1.43
0.31
0.25
0.10
0.68
0.10
0.31
0.44
0.05
0.09
0.26
0.20
4.26
0.09

- tm G v G tm b W e W e

-2z
=

0.07 )

0.06
4.02
4.1
4.96
2.02
2.88
3in

325

ND
ND
ND
ND
ND
ND



P2-CR-04

- BATCHS

s tm tm wm hm e e e b e e

hhz
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ND
ND
ND
ND
ND
ND

8.711
0.0331
71.445

0.88
0.99
0.59

0.29.

0.32
0.07
0.86
0.12
0.30
0.30
0.05
0.06
0.19
0.17
365
0.07
0.06
0.06
34
14
4.24
1.72
2.46
J.as

27.6

TG2-CR-0I

- s b e b s b e b b b bm G
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BATCHS
8.950
0.0463
70.498

1.31
1.79
1.7t
0.10
0.33
0.06
0.63
207
0.15
0.21
1.97
0.04
0.10
0.1t
n
3.9
6.92
4.65
3.56
3.66
4.38
1.78
2.54
19

49.0

TG2-CR-02
BATCHS
10.391

0.0189

65.571

1.24

1.7

0.65

J 0.23
J 0.37
J 27
J 0.18
ND 0.06
J 0.16
J 0.30
ND 0.04
J 0.10
J 0.16
J 0.16
ND 4.40
ND 0.06
ND 8.08
ND 543
ND 4.15
ND 4.27
ND 5.12
ND 2.08
ND 2.97
ND kR.2}
48.5

- em

-t
=]
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Parris Island Tissuc Analysis
PAH Data in ug/kg WET WEIGHT for BATCH6

Sample Number: TGI-CL-01
Batch Number: ' BATCH6
Sample Dry Weight (g): 2.243
Sample Lipid Weight (g/g): 0.0392
Sample Moisture Conteat (%): 92.552
MDL

naphthaiene 11.39 1.19
2-methylnaphthalene 14.21 0.74
|-methylnaphthalene 13.99 0.39
biphenyl 18.49 0.41
2,6-dimethylnaphthalenc 16.41 0.24
scensphthylene 15.77 0.59
acenaphthene 14.35 0.06
1,6,7-trimethylnaphthalenc 14.01 0.52
fluorene 13.17 0.14
phenanthrenc 18.19 0.40
anthracene 13.36 0.09
I-methylphenanthrene 24.37 0.08
fluoranthene 30.38 0.35
pyrenc 28.04 0.30
benz[a)anthracene 25.54 0.95
chrysene 26.44 0.14
benzo|bjfluoranthene 46.94 0.07
benzofk}fluoranthene 31.55 0.05
benzofe]pyrene 24.12 0.90
benzo[a]pyrene 24.78 0.92
perylenc 29.712 0.08
indenof{,2,3-c,d]pyrenc 12.08 0.45
dibenz[s,hjanthracene : 17.28 0.64
benzolg,h.ijperylenc 22.28 0.83

Sum of PAH Analytes: 10.5

ND - Not Detected

J - Detected, but below the MDL

B - Analyte is > 5 times MDL. in Blank

E - Estimalc,significant matrix interference

(

TGI-CL-02 TG2-CL-01 TG2-CL-02
BATCH6 BATCH6 BATCHé6
1.947 2.085 2.186

0.0371 0.0781 0.0375

93.525 93.067 92.732

1.07 L7 243

J 0.79 J 1.09 1.36
J 049 J 0.6t J 0.99
) 037} 0.60 J 0.62
J 0.32 } 0.40 ) 0.38
ND 0.51 ND 0.55 ND 0.13
J 0.46 ND 0.50 ND 0.20
ND 0.45 ND 0.49 ND 0.51
J 0.18 0.25 ) 0.27
J 0.38 J 0.58 J 0.55
J 0.08 J 0.30 J 0.14
J 0.09 ) 0.07 J 0.12
J 029 ) 049 ) 0.55
J 0.21 ) 0.38 ) 0.48
ND 0.83 ND 0.89 ND 093
| 0.10 J 0.17 ) 0.19
] 0.05 J 0.07 ) 0.13
] 0.04 J 0.07 J 0.08
ND 0.78 ND 0.834 ND 0.38
ND 0.80 ND 0.07 J 0.07
J 0.96 ND 0.09 J 0.06
ND 0.39 ND 0.42 ND 0.44
ND 0.56 ND 0.60 ND 0.63
ND 0.72 ND 0.77 ND 0.81
10.9 12.0 12.9

TG2-CL-03 TG2-CL-04
BATCH6 BATCH6
2.2n 2.574

0.0414 0.0417
92.447 91.473

1.27 .73

0.72 ) 0.99

J 044 ) 0.66
J 041 J 0.48
J 0.27 ) 0.40
J 0.60 ND 0.67
] 0.54 ND 0.15
ND 0.53 ND 0.60
J 0.17 J 0.23
J 045 J 0.76
J 0.14 ] 0.16
J 0.1} 0.11
J 0511 1.16
J 044 ) 0.88
ND 0.96 ND 1.09
] 0.20 J 0.34
J 0.12 J 0.21
J 0.08 J 0.13
ND 091 ND 0.13
] 0.94 ND 0.13
] 1.12 ND 0.06
ND 0.46 ND 0.52
ND 0.65 ND 0.74
ND 0.834 ND 0.06
12.9 124

TG2-CL-DUP
BATCH6
.13

0.0412

92.948

0.80
J 0.61
] 0.40
J 0.18
J 0.26
ND 0.56
] 0.51
ND 0.49
J 0.16
J 0.28
] 0.05
J 0.06
J 0.46
J 0.35
ND 0.90
J 0.13
J 0.11
J 0.07
J © 085
} 0.05
J 0.07
ND 0.43
ND 0.61
J 0.79

9.2



Parris Island Tissue Analysis
PAH Data in ug/kg WET WEIGHT for BATCH7

Sample Number: PI1-0Y-01
Batch Number: BATCH?
Sample Dry Weight (g): 3.375
Sample Lipid Weight (g/g): i 0.1234
Sample Moisture Content (%): *89.011
MDL
naphthalenc 11.39 0.87
2-methylnaphthalenc 14.21 1.03
I-mcthylnaphthalene 13.99 0.59
biphenyl 18.49 031
2,6-dimethyinaphthalenc : 16.41 0.65
acenaphthylene 15.77 0.19
accnaphthene 14.35 0.67
1,6,7-trimethyinaphthalenc 14.01 0.22
fluorene 13.47 0.55
phenanthrene 18.19 2.15
anthracene 13.36 0.42
I-methylphenanthrenc 24.37 0.54
fluoranthene 30.38 11.32
pyrene 28.04 6.25
benz[a)anthracene 25.54 2.13
chrysene 26.44 3.08
benzo[b]fluoranthene 46.94 1.51
benzolk]fluoranthene 31.55 0.53
benzole]pyrene 24.12 0.87
benzofa)pyrene 24.78 0.35
perylenc 29.72 0.32
indenof1,2,3~c,d]pyrene 12.08 0.23
dibenz[a,hjanthracenc 17.25 0.06

benzofg,h,i)perylene 22.28 0.78

- s e e b e b
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P1-0Y-02
BATCH?
3649
0.0937
88.089

0.58
0.83
0.47
0.17
0.51
0.08
0.48
0.16
0.43
1.74
0.3t
0.36
8.67
5.47
1.46
2.15
1.16
0.35
0.60
0.31
0.17
0.16
0.05
0.17

r m W ey s b
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P1-0Y-03
BATCH?
4.436
0.1114
85.236

0.64
1.13
0.58
0.22
0.61
0.09
0.53
0.13
0.50
2.15
0.32
0.38
4.53
2.29
0.87
1.61
0.74
0.34
0.51
0.20
0.19
0.89
0.04
0.17
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PI-OY-04
BATCH?
3.535
0.0640

88.307 -

0.62
0.76
0.37
0.17
0.44
0.92
0.38
0.82
0.35
1.55
0.22
0.26
3.32
1.83
0.68
1.12
0.64
0.21
0.37
0.22
0.14
0.15
0.06
0.20

m em

- v tm e e A e

P2-0Y-01
BATCH7
3.759
0.0%36
87.52

1.13
1.31
0.67
0.27
0.67
0.07
0.36
0.20
0.48
1.78
0.17
0.31
3.10
1.26
047
1.07
0.42
0.1t
0.23
0.09
0.06
0.75
1.08
0.07

- em s tm e W

- e b tm W e b e
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P2-0Y-02
BATCH7
3.940

- 0.0867
87.266

0.73
1.43
0.70
0.22
0.72
0.06
0.37
0.17
0.47
1.92
0.33
0.30
4.12
1.75
0.32
1.04
0.78
0.23
0.18
1.58
0.07
0.77
1.10
0.08

- e b b W

P2-0Y-03
BATCH7
3.599
0.0845
88.011

0.71
0.95
0.46
0.24
0.60
0.95
033
0.14
0.42
1.62
0.27
0.23
136
1.40
0.28
0.91
2.81
1.89
0.20
1.49
0.09
0.05
1.03
0.06

- m e e A

-— ewm

ND
J

PR-OoY-4 T
BATCH?
3.808
0.1058
88.387

0.79
1.01
0.52
0.19
0.54
0.08
0.39
0.13
0.41
1.55
0.17
0.27
297
1.41
0.49
1.00
0.54
0.20
0.26
0.06
0.09
0.08
1.00
0.08 }
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G1-0Y-01

BATCH7
2.680
0.0647
91.103

0.66
0.46
0.29
0.12
0.24
0.70
0.08
0.62
0.19
0.54
0.13
0.08
0.97
0.48
1.14
0.30
2.09
1.40
0.11
1.10
0.12
0.08
0.77
0.12

12.8

TG1-0Y-02

BATCH7
2.794
0.0657
90.71

0.58
0.37
0.21
0.12
0.24
0.73
0.08
0.05
0.15
0.49
0.05
0.09
0.712
0.43
119
0.30
0.20
0.09
0.06
0.05
0.08
0.05
0.80
0.05

7.2

TG1-0Y-03 TGI-OY-(4
BATCH? BATCH?
2.701 2.631

0.0640 0.0643
91.024 91.354

J 043 ) 0.73
J 045 J 0.47
) 0.26 J 0.30
J 0.10 J 0.13
J 024 J 0.28
ND 0.71 ND 0.68
J 0.09 J 0.09
] 0.63 ND 0.61
} 0.16 ) 0.20
J 0.46 J 0.46
J 0.05 ) 0.05
J 0.10 J 0.10
J 0.73 ) 0.66
] 0.4 1} 0.43
ND 1.15 ND 1.10
J 0231 0.26
J 0.16 J 0.18
) 0.09 J 0.10
J 0.05 J 0.07
J 1.1l ND 0.06
] 0.09 J 0.08
] 0.54 ND 0.06
ND 0.77 ND 0.75
] 1.00 ND 0.08
10.0 1.9

TG2-0Y-01

BATCH7
2.795
0.0651
90.714

0.57
0.38
0.26
0.11
0.21
0.73
0.10
0.10
0.18
0.47
0.07
0.09
0.95
0.54
1.19
0.33
0.39
0.14
0.09
0.13
0.13
0.05
0.80
0.08

TG2-0Y-02 TG2-OY-03
BATCH7 BATCH7
2.636 2.946
0.0580 0.0649
91.307 90.283
] 0.34 J 1.37
I 0.20 ) 1.32
] 0.12 3 0.89
I 0.07 J 0.51
s 0.10 J 0.52
ND 069 ND  0.77
3 0.09 J 0.70
) 061 ND 021
I 0.14 J 0.30
S 037 1 0.7
[ 0.05 J 0.22
] 0.06 } 0.26
J 0.76 1 1.24
[ 043 J 0.88
ND LI ND 024
I 027 ) 0.43
3 0.17 1 0.33
) 0.07 } 0.32
[ 0.06 1 0.14
J 1.08 ND 1.20
) 0.07 J 0.15
] 053 ND  0.59
ND 075 ND  0.84
} 0.97 ND 1.08
9.1 15.3

TG2-0Y-04 TG2-OY-DUP

BATCH?
2.906
0.0571
90.39

0.55
0.40
0.26
0.12
0.18
0.76
0.13
0.67
0.18
0.65
0.10
0.12
1.35
0.7
0.26
0.47
0.23
0.10
0.09
0.05
0.09
0.05
0.83
1.07

9.5
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BATCH?
2.665
0.0630
 91.184

0.46
0.30
0.17
- 0.10
0.13
0.70
0.12
0.62
0.16
0.61
0.13
0.10
1.33
0.78
0.27
0.51
0.26
0.13
0.12
0.05
0.08
0.04
0.76
0.08
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Parris Island Tissue Analysis
PCBPEST Data in ug/’kg WET WE IGHT for BATCHI

Sample Number: PI-FIM-01  PI-FIM-02  P1-FIM-03 |-FIM-ARCH
Batch: BATCHI BATCHI BATCHI BATCH]
Sample Dry Weight (g): 7.324 6.635 3.317 6.117
Sample Lipid Weight (g/g): 0.1876 0.0482 0.0422 0.0523
Sample Moisture Content (%): 75.688 78.181 80.747 80.189
MDL ,

CL2(8) 6.75 0.75 N&, 074 NDv'  0.65 ND 0.67
HEXACHLOROBENZENE 2.35 029 Np/ 026 ND 0.23 ND 0.23
LINDANE 1.89 0.23 ND 0.21 ND 0.18 ND 0.19
CL3(18) 4.02 0.49 ND 0.44 ND 0.39 ND 0.40
CL3(28) 2.9 0.39 NC 0.35 NC 0.27 ND 0.28
HEPTACHLOR 3.17 0.39 ND 0.35 INC 031 ND 0.31
CLA(52) 5.13 1.13 NC 0.41 NC 0.49 ND 0.51
ALDRIN 1.42 0.17 ND 0.15 ND 0.14 ND 0.14
CLA4(44) 2.58 0.31 ND 0.17 INC  0.25 ND 0.26
HEPTACHLOREPOXIDE 1.18 0.14 ND 0.13 ND 0.11 ND 0.12
CLA(66) 1.33 0.77 NC 0.87 NC 0.13 ND 0.13
2,4-DDE 0.79 0.50 0.09 NC 0.08 NC 0.08
CL5(101) 1.93 2.35 NC 1.23 NC 1.01 NC 0.42
CIS-CHLORDANE 1.36 0.55 0.57 0.13 NC 0.13
TRANS-NONACHLOR 1.45 1.47 1.18 0.64 0.27
DIELDRIN 2.36 0.29 ND 0.26 ND 0.23 ND 0.23
4,4-DDE .75 31.20 10.37 11.73 373
CLA(TD 3.07 0.37 ND 0.33 ND 0.30 ND 0.30
2,4-DDD 2.2 0.27 NC 0.24 NC 0.21 JNC , 0.2
ENDRIN 7.35 0.89 ND 0.80 ND 071 o/ 0.73
CL5(118) 1.72 1.71 NC 1.12 NC 1.2 NC 0.29
4,4-DDD 2.36 9.5 460" L78 0.45
2,4-DDT 1.75 0.21 ND 0.19 JNC  0.17 NC 0.17
CL&(153) 1.24 5.41 NC 2.86 NC 4.75 NC 0.99
CL5(105) 1.1 0.13 ND 0.27 NC 0.62 NC 0.13
4,4-DDT 8.15 0.99 JNCY 089 INC  0.78 ND 0.81
CL6&(138) 2.719 3.90 NC 2.09 NC 3.28 NC 0.79
CL5(126) 3.01 0.37 ND 0.33 ND 029 ND . 0.30
CL7(187) 2.23 1.34 NC 0.69 NC 1.22 N&/ 0.3
CL6(128) 0.8 0.26 NC 0.23 NC 0.45 NC 0.08
CL7(180) 1.38 1.52 NC 0.84 NC 1.48 NC 0.36
MIREX 2.68 1.05 1.19 1.60 0.80
CL7(170) 5.55 0.76 NC 047 NC 1.04 NC 0.05
CL8(195) 1.61 0.20 ND 0.18 ND 0.04 INC  0.16
CL9(206) 1.73 0.21 ND 0.19 ND 0.17 ND 0.17
CL10(209) 5.2 0.63 ND 0.57 ND 0.50 ND 0.52
AROCLOR 1016/1242 20 2.43 ND 2.18 ND 1.93 ND 1.98
AROCLOR 1221 20 2.43 ND 2.18 ND 1.93 ND 1.98
AROCLOR 1232 20 2.43 ND 2.18 ND 1.93 ND 1.98
AROCLOR 1248 20 2.43 ND 2.18 ND 1.93 ND 1.98
AROCLOR 1254 X 20  63.11 33.63 52.02 10.80
AROCLOR 1260 20 2.43 ND 2.18 ND 1.93 ND 1.98

Sum of PCB Congeners: 23.005 14.375 18.527 7.116
Sum of DDTs, DDDs, and DDEs: 42.701 16.449 14.714 5.458

ND - Not Detected

NC - Not Confirmed by second col umn analysis
J = Detected, but below the MDL

B - Analyte is > 5 times MDL in Blank

E - Estimate,significant matrix inte rference

P2-FIM-01
BATCHI
6.755
0.0380
78.200
ND 0.7
ND 026
ND 021
ND 044
ND 030
ND 035
ND 0.6
ND 0.5
ND 028
ND 0.3
ND 0.4
ND 0.9
NC 040
NC 04l
0.78
ND 026
4.19
ND  0.33
ND 0.4
ND 0380
NC - 033
0.77
ND  0.19
NC 0.6
NC  0.09
NDY  0.89
NC 0.5l
ND  0.33
NC 017
ND 0.9
NC 020
0.57
INC 005
ND 0.8
ND 0.9
ND 057
ND 218
ND 218
ND 2.8
ND  2.18
218
ND 218
6.540
6.366
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Parris Island Tissue Analysis
PCBPEST Data in ug'kg WET WE

Sample Number:

Batch:

Sample Dry Weight (g):
Sample Lipid Weight (g/g):
Sample Moisture Content (%):

CL2(8)
HEXACHLOROBENZENE
LINDANE

CL3(18)

CL3(28)
HEPTACHLOR
CLA(52)

ALDRIN

CL4(44)
HEPTACHLOREPOXIDE
CLA(66)

2,4-DDE

CLS(101)
CIS-CHLORDANE
TRANS-NONACHLOR
DIELDRIN
4.4-DDE

CLA(TT)

2,4-DDD

ENDRIN

CLS5(118)

4,4-DDD

2,4-DDT

CL6(153)

CL5(105)

4,4-DDT

CL6(138)

CL5(126)

CL7(187)

CL6(128)

CL7(180)

MIREX

CL7(170)

CL8(195)

CL9(206)
CL10(209)
AROCLOR 1016/1242
AROCLOR 1221
AROCLOR 1232
AROCLOR 1248
AROCLOR 1254
AROCLOR 1260

Sum of PCB Congeners:
Sum of DDTs, DDDs, and DDEs:

ND - Not Detected

NC - Not Confirmed by second col
J - Detected, but below the MDL
B - Analyte is > § times MDL in
E - Estimate, significant matrix inte

P2-FIM-02
BATCH]I
5.243

0.0703

80.602

ND 0.5
ND 023
ND 0.8
ND 039
ND 027
ND 031
ND  0.50
ND 0.4
ND 025
ND 0.1
ND 0.3
ND  0.70
NC 0.6
0.13

0.37

ND 023
20.17

ND 030
ND 021
ND 071
NC 049
5.92

ND 017
NC 3.57
NC 006
ND 07
NC 247
ND 0.9
NC 082
ND 003
NC 1.29
1.31

INC 059
ND  0.16
ND 017
ND  0.50
ND 194
ND  1.94
ND 194
ND 1.9
ND  22.58
ND 154
13.801

27.966

T} fr‘,.f
——lm
TG2-FIM-01
BATCHI
6.736
0.0351
78.974
ND 0.71 NDV
ND 0.25 ND/
ND 0.20 ND
ND 0.42 ND
ND 0.29 ND
ND 0.33 ND
ND 0.54 ND
ND 0.15 ND
ND 0.27 ND
ND 0.12 ND
ND 0.14 ND
0.08% ND
NC 0.14 INC
NC 0.14 NC
0.15 NC
ND 0.25 ND
1,297
ND 0.32 ND
NC 0.23-ND
ND 0.77 ND
NC 0.18 ND
0.25 ND
ND 0.13. ND
NC 0.32 NC
INC 0.06 JNC
NC 0.86 ND
NC 0.24 NC
ND 0.32 ND
NC 0.14 JNC
INC 0.02 INC
NC 0.10 INC
0.40
NC 0.58 ND
ND 0.17 ND
ND 0.18 Ng/
ND 0.55 N
ND 2.10 ND
ND 2.10 ND
ND 2.10 ND
ND 2.10 ND
2.10 ND
ND 2.10 ND
5.695 g
2.896 S

ot



Parris Island Tissue Analysis
PCBPEST Data in ug/kg WET WE IGHT for BATCH2

Sample Number: P1-FIL-01
Batch: BATCH2
Sample Dry Weight (g): 4.707
Sample Lipid Weight (g/g): 0.7036
Sample Moisture Conteat (%): 53.322
MDL

CL2(8) 6.750 1.58
HEXACHLOROBENZENE 2.350 0.55
LINDANE 1.8%0 0.44
CL3(18) 4.020 3.17
CL3(28) 2.790 10.46
HEPTACHLOR 3.170 0.74
CL4(52) ' 5130 1491
ALDRIN 1.420 0.33
CL&(44) 2.580 0.95
HEPTACHLOREPOXIDE 1.180 0.28
CLA(66) 1.330 9.31
2,4-DDE 0.790 0.18
CLs(101) 1.930 24.39
CIS-CHLORDANE 1.360 10.20
TRANS-NONACHLOR 1.450 20.90
DIELDRIN 2.360 1.12
4,4-DDE 1.750  347.66
CLATT) 3.070 0.72
2,4-DDD 2.200 0.51
ENDRIN 7.350 1.72
CL5(118) 1.720 22.04
44-DDD 2.360 131.16
2,4-DDT 1.750 2.56
CL&(153) 1.240 54.73
CLS5(105) 1.100 4.32
4.4-DDT 8.150 1.90
CL6(138) 2.790 44.52
CL5(126) 3.010 0.70
CL7(187) 2.230 16.28
CL6(128) 0.800 4.74
CL7(180) 1.380 20.18
MIREX 2.680 16.36
CL7(170) 5.550 12.88
CL3(195) 1.610 1.01
CL9(206) 1.730 0.37
CL10(209) 5.200 1.21
AROCLOR 1016/1242 20.000 4.67
AROCLOR 1221 20.000 4.67
AROCLOR 1232 20.000 4.67
AROCLOR 1248 20.000 4.67
AROCLOR 1254 20.000 814.83
AROCLOR 1260 20.000 4.67

Sum of PCB Congeners: 248.461
Sum of DDTs, DDDs, and DDEs: 483.979

ND - Not Detected

NC - Not Confirmed by second col umn analysis
J = Detected, but below the MDL

B - Analyte is > 5 times MDL in  Blank

E - Estimate, significant matrix inte rference

P1-FIL-02
BATCH2
4.035

0.5157

61.255

ND 1.31
ND 0.46
ND 0.37
INC 0.78
NC 0.54
ND 0.61
NC 7.27
ND 0.28
INC 0.76
ND 0.23
NC 8.63
NC 3.50
NC 19.52
7.27

19.65

J 1.83
238.86

ND 0.59
NC 0.43
ND 1.42
NC 20.95
140.01

2.69

NC 47.16
NC 6.50
IJNC 1.58
NC 38.99
ND 0.58
NC 12.68
NC 3.84
NC 14.15
23.40

NC 8.20
INC 0.92
INC 0.34
ND 1.01
ND 3.87
ND 3.87
ND 3.87
ND 3.87
451.85

ND 3.87
194.724
387.066

P1-FIL-03
BATCH2
0.025

4.8000

57.684

ND 1.43
ND 0.50
ND 0.40
ND 0.85
ND 0.59
ND 0.67
NC 0.74
ND 0.30
INC 0.55
ND 0.25
NC 0.28
0.17

NC 0.41
0.29

0.31

0.50

386.53

ND 0.65
NC 0.47
ND 1.56
NC 0.36
0.50

0.37

NC 0.26
NC 0.23
INC 1.72
NC 0.59
ND 0.64
NC 0.47
NC 0.17
NC 0.29
0.57

NC 1.17
INC 0.34
ND 0.37
ND 1.10
ND 4.23
ND 4.23
ND 4.23
ND 4.23
4.23

ND 4.23
11.492
389.758

1-FIL-ARCH
BATCH2
0.100

0.0760

57.684

ND 1.43
ND 0.50
ND 0.40
ND 0.8s
ND 0.59
ND 0.67
ND 0.74
ND 0.30
ND 0.58
ND 0.25
ND 0.28
ND 0.17
ND 0.41
ND 0.29
ND 0.31
ND 0.50
211.84

ND 0.65
ND 0.47
ND 1.56
ND 0.36
ND 0.50
ND 0.37
ND 80.91
ND 43.31
ND 1.72
ND 0.59
ND 0.64
ND 0.47
ND 0.17
ND 0.29
ND 0.57
ND 1.17
ND 0.34
ND 0.37
ND 1.10
ND 4.23
ND 4.23
ND 4.23
ND 4.23
ND 4.23
ND 4.23
135.220
215.065

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
NC
NC
ND
ND
ND
ND
ND
ND
NC
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

P2-FIL-01
BATCH2
2.957
0.589%
58.476

1.40
0.49
0.39
0.83
0.58
0.66
0.72
0.29
0.54
0.24
0.28
0.16
22.15
16.36
37.37
0.49
192.94
0.64
0.46
1.53
17.96
35.09
0.36
45.80
4.24
1.69
31.03
0.62
12.72
0.17
11.73
31.22
5.09
0.33
0.36
1.08
4.15
4.15
4.15
4.15
359.60
4.15

158.279
234.710



Parris Island Tissue Analysis
PCBPEST Data in ug’kg WET WE

Sample Number:

Batch:

Sample Dry Weight (g):
Sample Lipid Weight (g/g):
Sample Moisture Conteat (%):

CL2(8)
HEXACHLOROBENZENE
LINDANE

CL3(18)

CL3(28)
HEPTACHLOR
CLA(52)
ALDRIN

CLA4(44)
HEPTACHLOREPOXIDE
CLA4(66)

2,4-DDE

CL5(101)
CIS-CHLORDANE
TRANS-NONACHLOR
DIELDRIN
4,4-DDE

CLA(TY)

2,4-DDD

ENDRIN

CLS(118)

4,4-DDD

2.4-DDT

CL6(153)

CL5(105)

4,4-DDT

CL6(138)

CL5(126)

CL7(187)

CL6(128)

CL7(180)

MIREX

CL2(170)

CLS(195)

CL9(206)

CL10(209)
AROCLOR 1016/1242
AROCLOR 1221
AROCLOR 1232
AROCLOR 1248
AROCLOR 1254
AROCLOR 1260

Sum of PCB Congeners:
Sum of DDTs, DDDs, and DDEs:

ND - Not Detected

NC - Not Confirmed by second col
J = Detected, but below the MDL
B - Analyte is > 5 times MDL in
E - Estimate, significant matrix inte

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
NC

ND

ND
ND
ND
NC

ND
NC
NC
ND
NC
ND
NC
ND
NC

NC
ND
ND
ND
ND
ND
ND
ND

ND

P2-FIL-02
BATCH2
0.114
0.3000
57.684

1.43
0.50
0.40
0.85
0.59
0.67
0.74
0.30
0.55
0.25
0.28
35.54
5.59
0.29
28.74
0.50
747.20
0.65
0.47
1.56
15.67
346.52
0.37
61.42
25.15
1.72
20.34
0.64
11.54
0.17
3.7
30.73
22.15
0.34
0.37
110
4.23
4.23
423
4.23
886.15
4.23

193.337
1131.8322

TG2-FIL-01
BATCH2
1.311

0.0899

57.684

ND 1.43
ND 0.50
ND 0.40
ND 0.85
ND 0.59
ND 0.67
ND 0.74.
ND 0.30
ND 0.55
ND 0.25
ND 0.28
0.17

NC 0.41
NC 0.29
0.31

ND 0.50
6.37

ND 0.65
NC 0.47
ND 1.56
NC 0.36
0.50

NC 0.37
NC 0.26
NC 0.23
ND 1.72
NC 0.59
ND 0.64
NC 0.47
ND 0.17
NC 0.29
0.57

NC 1.17
ND 0.4
ND 0.37
ND 1.10
ND 4.23
ND 4.23
ND 4.23
ND 4.23
4.23

ND 4.23
11.492

9.601

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
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APPENDIX C
QUALITY CONTROL (QC) SAMPLE RESULTS

Polynuclear Aromatic Hydrocarbons (PAH)

The procedural blank (PB) data are reported in micrograms per kilogram (pg/kg),
using the average dry weight of the field samples in the batch. The average dry
weight is also reported. The PAH procedural blank data were good, indicating no
evidence of significant laboratory contamination. There were no instances of an
analyte being detected at levels above 5 times the MDL (the QC criteria goal) and
only one instance (naphthalene in the PB for Batch 2) where an analyte was
detected above the MDL.

The recoveries of the three PAH surrogates were acceptable, with 303 of the 315
surrogate recovery values falling within the criteria goal range of 40 percent
to 120 percent, and the other recoveries being slightly below 40 percent.
However, analyte recoveries track surrogate recoveries closely, and, because the
samples were analyzed using the method of internal standards, with the surrogates
used for quantification, accurate quantification is generally obtained even with
the lower recoveries. This is clearly demonstrated with the blank spike
duplicate sample in Batch 3, which had relatively poor surrogate recoveries but
excellent accuracy in the target analyte analysis.

The blank spike (BS) and matrix spike (MS) target analyte recoveries are reported
as relative recoveries, and are based on quantification relative to the surrogate
compounds (quantification internal standard), because this is the way the field
samples are quantified and it best represents the accuracy of the analysis.
Surrogate recoveries are absolute recoveries, and are based on quantification
relative to the recovery internal standard. The absolute recovery criteria range
was 40 to 120 percent. The relative recovery criteria goal is generally a range
from 50 to 150 percent for these types of analyses (see Battelle'’s Laboratory
Quality Assurance Plan for Navy Installation restoration Programs). However,
because no distinction was made between absolute and relative recoveries in the
Workplan, the absolute recovery criteria, which were originally listed as
criteria goals, were used to qualify these QC data, including the relative
recovery target analyte data. Absolute recoveries for the target analytes can
be determined by applying the appropriate surrogate absolute recovery value to
the target analyte relative recovery value: multiply the target analyte relative
recovery by the absolute recovery of the surrogate used to quantify that target
analyte, and dividing by 100.

The BS data are presented in data tables, and selected, representative, analyte
data are also presented in figures. The PAH BS data show acceptable accuracy and
precision. The surrogate recoveries of the BSD sample in Batch 3 were slightly
below 40 percent, but this was clearly an isolated occurrence. The accuracy of
the BS/BSD target analyte analyses was acceptable, even for the BSD sample in
Batch 3. The flagged target analyte recoveries are for data slightly outside the
range of absolute recovery criterion, but are inside the range of the more
appropriate relative recovery criterion. The precision in the analyses was
acceptable, with most RPDs below 10 percent. There were two data points at the
criteria goal (30 percent RPD).

Parrisls . ESI
FGB.08.93 C-1



The MS data are presented in data tables, and selected, representative, analyte
data are also presented in figures. The PAH MS data show acceptable accuracy and
precision. One of the surrogate recoveries of the MS sample in Batch 2 was out
of range (just below 40 percent). The accuracy of the target analyte analyses
was good, and there was no evidence of significant matrix effects on analyte
quantification from any of the seven different sample matrices. The flagged
target analyte recoveries are for data slightly above the absolute recovery
criteria of 120 percent, but are within the more appropriate relative recovery
criteria of up to 150 percent. The precision in the analyses was excellent, with
all RSDs being 10 percent or less.

The PAH standard reference material (SRM) data are presented for the individual
PAHs along with certified values for this marine tissue SRM [National Institute
of Standards and Technology (NIST) mussel SRM, 1974]). The SRM accuracy and
precision was good for all analytes except anthracene and benzo[g,h,i}perylene.
These two analytes were present at levels below the MDL for the method used,
which explains the less accurate and precise results. The recovery of
benzo[b]fluoranthene was slightly above the criterion goal (132 percent, versus
a goal of 130 percent) for the SRM analysis in Batch 4, but was within the
criterion for all other SRM analyses even though the concentration of this
analyte was just above the MDL in the SRM.

Polychlorinated Biphenyls (PCB) and Chlorinated Pesticides

The PB data are reported in ug/kg, using the average dry weight of the field
samples in the batch. The average dry weights are also reported. The PCB and
pesticide procedural blank data were very good, indicating no evidence of
significant laboratory contamination. There were no instances of an analyte
being detected at levels greater than the MDL.

The recoveries of the two PCB and pesticide surrogates were acceptable. Two
field samples had low dibromo-octafluorobiphenyl (DBOFB) recoveries, 29 and 39
percent, but the tetrachloronaphthalene (TCN) recoveries were within the criteria
goal. However, analyte recoveries track surrogate recoveries closely, and,
because the samples were analyzed using the method of internal standards, with
the surrogates used for quantification, accurate quantification is obtained even
with the lower recoveries. There was a significant matrix interference with TCN
in SRM 1974 samples that resulted in elevated surrogate recovery values.
Historical data generated by our laboratory show similar results for past
analyses, and this is the reason for the consistently elevated TCN recoveries in
the SRM samples. ’

The BS and MS target analyte recoveries are reported as relative recoveries, and
are based on quantification relative to the surrogate compounds (quantification
internal standard), because this is the way the field samples are quantified and
it best represents the accuracy of the analysis.

Surrogate recoveries are absolute recoveries, and are based on quantification
relative to the recovery internal standard. The acceptable range was 40 to 120
percent for absolute recoveries. The acceptable range for relative recovery is
generally 50 to 150 percent for these types of analyses (see Battelle’s
Laboratory Quality Assurance Plan for Navy Installation Restoration Programs).
However, because no distinction was made between absolute and relative recoveries
in the Workplan, the absolute recovery criteria, which were originally listed as

Parrisis.ESI
FGB.08.93 C-2



criteria goals, were used to qualify these QC data, including the relative
recovery target analyte data. Absolute recoveries for the target analytes can
be determined by applying the appropriate surrogate absolute recovery value to
the target analyte relative recovery value (multiply the target analyte relative
recovery by the absolute recovery of the surrogate used to quantify that target
analyte, and divide by 100).

The BS data are presented in data tables, and selected, representative, analyte
data are also presented in figures. The PCB and pesticide BS data show good
accuracy and precision. The recovery of the surrogate DBOFB in the BSD sample
in Batch 3 was slightly below 40 percent, but this was clearly an isolated
occurrence. The accuracy of the target analyte analyses was generally good, even
for the BSD sample in Batch 3. The flagged target analyte recoveries are for
data outside the range of absolute recovery criterion, but, with the exception
of three data points, all are inside the range of the more appropriate relative
recovery criterion. The precision in the analyses was acceptable, with most RPDs
below 10 percent. There were three data-points slightly above the criteria goal
(30 percent).

The MS data are presented in data tables, and selected, representative, analyte
data are also presented in figures. The PCB and pesticide MS data show, for the
most part, acceptable accuracy and precision. The MS sample data for Batch 2
(sample JU11MS) should be disregarded because of the high background matrix
analyte levels for this liver sample relative to the amount spiked into the
sample for recovery determinations. The MS analyte spike amounts should, at a
minimum, be several times greater than the amount in the sample to begin with,
and this was not the case for JULIMS. The accuracy of the target analyte
analyses was good, and there was no evidence of significant matrix effects on
analyte quantification. Target analyte recoveries outside the absolute recovery
range are flagged. Most of the outliers are within the more appropriate relative
recovery range. The inability to recover C1,(77) in the MS samples in Batches
3 and 7 is due to high levels of a closely eluting major PCB congener (a frequent
occurrence with this analyte) that interferes with the analysis of C1l,(77). The
low recoveries of 4,4'-DDE in the MS sample in Batch 5 and C1,(170) in the MS
sample in Batch 3 are due to high background analyte levels in the sample used
for the MS, resulting in inaccurate background correction for recovery
determination. The precision in the analyses was acceptable, except for the
three analytes discussed above.

There are no certified PCB or pesticide values for the SRM analyzed, or any other
marine tissue SRM. Therefore, PCB and pesticide SRM data are presented for
precision determination only. Only analytes with measured concentrations greater
than 5 times the MDL are included in the PCB and pesticide SRM table. The
precision in the analyses was acceptable, with the analyses consistently falling
within the acceptable range (30 percent RSD), except for cis-chlordane and trans-
nonachlor. These two analytes were present at low concentrations, with levels
below 5 times the MDL measured in some of the seven MS replicates.

Mercury

The PB data are reported in ug/g, using the average dry weight of the field
samples in the batch. The average dry weight is also reported. The mercury
procedural blank data were acceptable, considering the method detection limits.
The exceedance of 5 times MDL for several mercury PBs is a reflection of the very
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low detection limits and not improper laboratory processing. The background
levels are generally highly reproducible in a given batch of samples, and sample
data can therefore be accurately background corrected. The field sample data
reported for this study have not been background corrected. ’

The BS data are presented in a data table and in a figure. The mercury BS data
show acceptable accuracy and precision. All recoveries were well within the
criteria range, and the precision in the duplicate analyses in each batch
consistently yielded RPDs below 10 percent.

The MS data are presented in a data table and in a figure. The mercury MS data
show acceptable accuracy and precision. All recoveries were well within the
criteria range of 50 to 120 percent (averaged 96 percent), and the precision in
the seven MS analyses was also acceptable (7 percent RSD).

The SRM data showed acceptable accuracy. The mercury content of this SRM is very
low (0.064 pg/g, dry weight), and blank levels were close to the SRM levels for
several batches, resulting in 1less accurate determinations and apparent
recoveries that were slightly outside the criteria range for three analyses. The
precision in the replicate SRM analyses was acceptable, with a %RSD of 18
percent.

The precision in the mercury laboratory duplicate analyses was acceptable. The
precision criteria goal was exceeded for the sample duplicate analysis in one of
the seven batches. This was for a sample that had a mercury concentration close
to the detection limit and the blank mercury levels, which results in a less
precise determination.
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APPENDIX D

DATA SUMMARY TABLES



TABLE D-1 _
DATA SUMMARIES FOR PCB/PESTICIDE ANALYSES (BATCH 1)
CAUSEWAY LANDFILL, MCRD
PARRIS ISLAND, SOUTH CAROLINA

POND
Arithmetic Standard Detection Mean +

ANALYTE : (Min) Max) average error Frequency 1se

CL2(8) ND 7.5E-01 7.0E-01 4.7E-02 17 6 7.5E-01
CL3(28) ND 3.9e-01 3.1E-01 . 5.2E-02 27 6 3.6E-01
CLA(52) ND 1.1E+00 6.0E~-01 2.6E-01 2/ 6 8.6E-01
CLA(44) ND 3.1E-01 2.5E-01 4.7E-02 17 6 3.0E-01
CLA(66) : ND 8.7E-01 3.6E-01 3.5E-01 2/ 6 7.2E-01
2,4-DDE ' ND 7.0E-01 2.6E-01 2.8E-01 2/ 6 5.3e-01
CL5(101) 4.0E-01 2.3E+00 1.0E+00 7.2E-01 6/ 6 1.8E+00
CIS-CHLORDANE ND 5.7E-01 3.2E-01 2.1E-01 37 6 5.3E-01
TRANS-NONACHLOR 2.7E-01 1.5E+00 7.8E-01 4.7E-01 6/ 6 1.3E+00
4,4-DDE 3.7E+00 3.1E+01 1.4E+01 1.1E+01 6/ 6 2.4E+01
CLS5(118) 2.9-01 1.7E+00 8.6E-01 5.7E-01 6/ 6 1.4E+00
4,4-DDD 4.5E-01 9.5E+00 3.8E+00 3.5E+00 6/ 6 7.4E+00
CL6(153) 6.4E-01 5.4E+00 3.0E+00 1.9E+00 6/ 6 5.0E+00
CL5(105) ND 6.2E-01 2.2E-01 2.1E-01 s/ 6 4.3E-01
CL6(138) 5.1E-01 3.9E+00 2.2E+00 1.3E+00 6/ 6 3.5E+00
CL7(187) 1.7E-01 1.3E+00 7.6E-01 4.6E-01 6/ 6 1.2E+00
CL6(128) ND 4.5E-01 1.9E-01 1.6E-01 4/ 6 3.4E-01
ZL7(180) 2.0E-01 1.5E+00 9.5E-01 5.7E-01 6/ & 1.SE+00
MIREX 5.7E-01 1.6E+00 1.1E+00 3.7E-01 6/ 6 1.5E+00
CL7(170) 4.7E-02 1.0E+00 4.9E-01 3.9-01 6/ 6 8.9E-01
CL8(195) ND 2.0E-01 1.5E-01 5.5E-02 17 6 2.1E-01
AROCLOR 1254 ND 6.3E+01 3.1E+01 2.4E+01 57 6 5.4E+01

ND - Not Detected
Units: ug/kg wet weight



TABLE D-2
DATA SUMMARIES FOR PCB/PESTICIDE ANALYSES (BATCH 1)
CAUSEWAY LANDFILL, MCRD
PARRIS ISLAND, SOUTH CAROLINA

TIDEGATE

Arithmetic Standard Detection
ANALYTE (Min) (Max) average error Frequency
CLS(101) 1.4E-01 1.4E-01 1.4E-01 . NA 17 1
TRANS-NONACHLOR 1.5E-01 1.5E-01 1.5E-01 NA 17 1
4,4-DDE 1.3E+00 - 1.3E+00 1.3E+00 NA 1/ 1
CLS5(118) 1.8E-01 1.8E-01 1.8E-01 NA 17 1
4,4-DDD . 2.5e-01 2.5e-01 2.5E-01 NA 1/ 1
CL&(153) 3.2E-01 3.2E-01 3.2E-01 NA 1/ 1
CLS5(105) 6.2E-02 6.2E-02 6.2E-02 NA 17 1
CL§(138) 2.4E-01 2.4E-01 2.4E-01 NA 17 1
CL7(187) 1.4E-01 1.4E-01 1.4E-01 NA 17 1
CL7(180) 9.6E-02 9.6E-02 9.6E-02 NA 1/ 1
MIREX , 4.0E-01 4.0E-01 4.0E-01 NA 17 1
CL7(170) 5.8E-01 5.8E-01 5.8E-01 NA 17 1
AROCLOR 1254 2.1E+00 2.1E+00 2.1E+00 NA 1/ 1

ND - Not Detected
Units: ug/kg wet weight

Mean +
1se

1.4E-01
1.5E-01
1.3E+00
1.8E-01
2.5E-01
3.2E-01
6.2E-02
2.4E-01
1.4E-01
9.6E-02
4.0E-01
5.8E-01
2.1E+00



TABLE D-3a
DATA SUMMARIES FOR PCB/PESTICIDE ANALYSES (BATCH 2)
CAUSEWAY LANDFILL, MCRD
PARRIS ISLAND, SOUTH CAROLINA

POND
Arithmetic Standard
ANALYTE (Min) (Max) average error
CL3(18) ND 3.2E+00 1.2E+00 9.5E-01
CL3(28) ND 1.0E+01 2.2E+00 4.0E+00
' CLA(S2) ND 1.5E+01 4.2E+00 S.9E+00
CLA(44) ND 9.5E-01 6.5E-01 1.7E-01
CLA(66) ND 9.3E+00 3.2E+00 4.5E+00
2,4-DDE ND 3.6E+01 6.6E+00 1.4E+01
CL5(101) ND 2.4E+01 1.2E+01 1.1E+01
CIS-CHLORDANE ND 1.6E+01 5.8E+00 6.TE+00
TRANS-NONACHLOR ND 3.7E+01 1.8E+01 1.5E+01
DIELDRIN ND 1.8E+00 8.2E-01 $.5E-01
4,4-DDE 1.9E+02 7.5E+02 3.5E+02 2.1E+02
CL5(118) ND 2.2E+01 1.3E+01 1.0E+01
4,4-DDD ND 3.5E+02 1.1E+02 1.3E+02
2,4-DDT ND 2.7E+00 1.1E+00 1.2E+00
CL6(153) ND 8.1E+01 4.8E+01 2.7E+01
CL5(105) ND 4.3E+01 1.4E+01 1.7E+01
CL6(138) ND 4.5E+01 2.3E+01 1.9E+01
<L7(187) ND 1.6E+01 9.0E+00 6.8E+00
CL&(128) ND 4.7E+00 1.5E+00 2.1E+00
CL7(180) ND 2.4E+01 1.2E+01 9.8E+00
MIREX ND 3.1E+01 1.7E+01 1.4E401
CL7(170) ND 2.2E+01 8.4E+00 8.1E+00
CL38(195) ND 1.0E+00 5.5E-01 3.2E-01
CL5(206) ND 3.7E-01 3.6E-01 1.4E-02
AROCLOR 1254 ND 8.9E+02 4.2E+02 3.8E+02

ND - Not Detected
Units: ug/kg wet weight

TABLE D-3b
DATA SUMMARIES FOR PCB/PESTICIDE ANALYSES (BATCH 2)
’ CAUSEWAY LANDFILL, MCRD
PARRIS ISLAND, SOUTH CAROCLINA

TIDEGATE
Arithmetic Standard
ANALYTE (Min) (Max) average error
4 4-DDE 6.4E+00 6.4E+00 6.4E+00 NA

ND - Not Detected
Units: ug/kg wet weight

Detection

i
g

o N R A LA NELEVUVUN LR LGNS W ERNRNDN - -
NN N N N N S N N S N S N S SN S S SN S N s s N~ ~

Detection
Frequenc

1

/

L= T - N - SR - R - S - R - R - (SR - S - - S - W - W - N N NI - - - N - - - S S

1

Mean +

—

2.2E+00
6.3E+00
1.0E+01
8.2E-01
71.7TE+00
2.1E+01
2.3E+01
1.2E+01
3.3E+01
1.4E+00
5.6E+02
2.3E+01
2.4E+02
2.3E+00 «
7.5E+01
3.1E+01
4.2E+01
1.6E+01
3.7E+00
2.2E+01
3.1E+01
1.7E+01
8.7E-01
3.7E-01
8.0E+02

Mean +
1se

6.4E+00
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TABLE D4
DATA SUMMARIES FOR PCB/PESTICIDE ANALYSES (BATCH 3)
CAUSEWAY LANDFILL, MCRD
. PARRIS ISLAND, SOUTH CAROLINA

POND

Arithmetic Standard Detection
ANALYTE (Min) (Max) average error Frequency
CL2(8) ND 8.4E-01 7.5E-01 6.3E-02 2/ 4
HEXACHLOROBENZENE ND 2.6E-01 2.1E-01 78E-02 - 2/ 4
LINDANE ND 2.4E-01 2.2E-01 1.7E-02 3/ 4
CL3(18) ND 5.0E-01 4.5E-01 3.7E-02 2/ 4
CL3(28) ND 5.8E-01 3.7E-01 1.4E-01 2/ 4
HEPTACHLOR ND 3.9E-01 3.5E-01 3.0E-02 2/ 4
CLA(52) 1.2E-01  1.3E+00 4.3E-01 5.7E-01 4/ 4
ALDRIN : ND 1.8E-01 1.6E-01 1.3E-02 2/ 4
CLA(44) ND 5.0E-01 3.3E-01 1.1E-01 2/ 4
HEPTACHLOREPOXIDE ND 1.5E-01 1.3E-01 1.1E-02 2/ 4
CLA(66) 4.1E-02 1.4E+00 4.2E-01 6.8E-01 4/ 4
2,4-DDE ‘ ND 9.8E-02 8.8E-02 7.4E-03 2/ 4
CL5(101) 59E-01 3.7E+00 1.5E+00 1.5E+00 4/ 4
CIS-CHLORDANE 2.3E-01  1.5E+00 6.0E-01 6.2E-01 4/ 4
TRANS-NONACHLOR 4.8E-01  3.2E+00 1.2E+00 1.4E+00 4/ 4
DIELDRIN ND 4.9E-01 3.1E-01 1.2E-01 27 4
4,4-DDE 1.2E+01  5.6E+01 2.4E+0! 2.1E+0! 4/ 4
CLA(TT) ND 3.8E-01 3.4E-01 2.9E-02 2/ 4
2,4-DDD ND 2.7E~01 2.4E-01 2.0E-02 2/ 4
ENDRIN ND 9.1E-01 8.2E-01 6.8E-02 2/ 4
CL5(118) 2.5E-01 3.6E+00 1.1E+00 1.6E+00 4/ 4
4,4-DDD 3.9E+00 7.2E+00 5.TE+00 1.4E+00 4/ 4
2,4-DDT ND 2.2E-01 1.9E-01 1.6E-02 2/ 4
CL§(153) 14E+00 6.8E+00 2.9E+00 2.6E+00 4/ 4
CL5(105) 6.6E-04 4.6E-01 1.3E-01 2.2E-01 4/ 4
4,4-DDT ND 1.0E+00 9.1E-01 7.6E-02 2/ 4
CL6(138) 7.8E~01  5.0E+Q0 1.9E+00 2.1E+00 4/ 4
CL5(126) ND 3.7E-01 3.3E-01 2.83E-02 27 4
CL7(187) 1.4E-01 1.4E+00 5.5E-01 6.0E-01 4/ 4
CL6(128) ND 5.3E-01 2.0E-01 2.2E-01 2/ 4
CL7(180) 24E-01  1.5E+00 6.8E-01 5.5E-01 4/ 4
MIREX 1.6E-01  3.0E+00 9.3E-01 1.3E+00 4/ 4
CL7(170) 5.0E-02 4.2E+00 1.1E+00 2.0E+00 4/ 4
CL38(195) ND 1.8E-01 1.4E-01 6.7E-02 2/ 4
CL9(206) ND 1.9e-01 1.4E-01 8.8E-02 2/ 4
CL10(209) ND 6.5E-01 5.8E-01 4.8E-02 2/ 4
AROCLOR 1016/1242 ND 2.5E+00 2.2E+00 1.9-01 2/ 4
AROCLOR 1221 ND 2.5E+00 2.2E+00 1.9-01 2/ 4
AROCLOR 1232 ND 2.5E+00 2.2E+00 1.9E-01 2/ 4
AROCLOR 1248 ND 2.5E+00 2.2E+00 1.9E-01 2/ 4
AROCLOR 1254 2.0E+01 7.1E+01 3.4E+01 2.4E+01 4/ 4
AROCLOR 1260 ND 2.5E+00 2.2E+00 1.9E-01 2/ 4

ND - Not Detected
Units: ug/kg wet weight

Mean +
1se

8.1E-01
2.9E-01
2.3E-01
4.8E-01
5.1E-01
3.8E-01
1.0E+00
1.7E-01
4 4E-01
1.4E~01
1.1E+00
9.SE-02
2.9E+00
1.2E+00
2.6E+00
4.3E-01
4.5E+01
3.7E-01
2.6E-01
8.8E-01
2.8E+00
7.1E+00
2.1E-01
5.SE+00
3.5E-01
9.8E-01
4.0E+00
3.6E-01
1.1E+00
4.2E-01
1.2E+00
2.3E+00
3.2E+00
2.1E-01
2.3E-01
6.3E-01
2.4E+00
2.4E+00
2.4E+00
2.4E+00
5.9E+01
2.4E+00



TABLE D-5
DATA SUMMARIES FOR PCB/PESTICIDE ANALYSES (BATCH 3)
CAUSEWAY LANDFILL, MCRD
PARRIS ISLAND, SOUTH CAROLINA

TIDEGATE

Arithmetic Standard Detection Mean +
ANALYTE (Min) (Max) average error Frequeacy 1se
CL2(8) ND 8.3E-01 7.7E-01 4.2E-02 37 17 8.2E-01
HEXACHLOROBENZENE ND 2.8E-01 2.1E-01 1.0E-01 - 4/ 7 3.1E-01
LINDANE ND 2.3E-01 2.0E-01 2.8E-02 3/ 7 2.3E-01
CL3(18) ND 4.9E-01 4.6E-01 2.6E-02 4/ 7 4. 8E-01
CL3(28) ND 1.3E+00 4.6E-01 3.7E-01 571 7 8.3E-01
HEPTACHLOR ND 3.9e-01 3.6E-01 2.0E-02 37 17 3.8E-01
CLA(52) ‘ ND . 2.9E+00 7.5E-01 9.5E-01 6/ 7 1.7E+00
ALDRIN ND 1.7TE-01 1.6E-01 8.9E-03 3/ 7 1.7E-01
CLA(44) ND 1.0E+00 3.9E-01 2.9E-01 s/ 7 6.8E-01
HEPTACHLOREPOXIDE ND 1.4E-01 1.4E-01 7.4E-03 3/ 7 1.4E-01
CLA(66) ND 1.0E+00 2.7TE-01 3.3E-01 6/ 7 6.0E-01
2,4-DDE ND S.1E-01 1.5E-01 1.6E-01 4/ 7 3.1E-01
CL5(101) 2.1E-01 4.4E+00 1.0E+00 1.5E+00 7171 17 2.6E+00
CIS-CHLORDANE - 5.1E-03  2.0E+00 6.1E-01 6.9E-01 71 17 1.3E+00
TRANS-NONACHLOR 4.8E-02 2.4E+00 7.6E~-01 8.2E-01 71 7 1.6E+00
DIELDRIN ND 7.7TE-01 3.0E-01 2.7E-01 6/ 7 5.7E-01
4,4-DDE 19E+00 4.1E+01 1.1E+01 1.4E+01 71 7 2.5E+01
CLA(TT) ND 3.8E-01 3.5e-01 1.9E~02 3/ 7 3.7E-01
2,4-DDD ND 2.7E-01 2.5E-01 1.4E-02 37 7 2.7E-01
ENDRIN ND 9.0E-01 8.4E-01 4.6E-02 3/ 7 8.9g-01
CL5(118) 1.9E-01 2.8E+00 7.3E-01 9.8E-01 7/ 7 1.7E+Q0
4,4-DDD 1.7E-01 1.1E+01 2.6E+00 3.9E+00 7/ 7 6.6E+00
2,4-DDT ND 2.1E-01 2.0E-01 1.1E-02 /7 2.1E-01
CL6&(153) 2.4E-01 S5.1E+00 1.7E+00 1.9E+00 7171 7 3.5E+00
CL5(105) ND 6.3E-01 2.1E-01 2.1E-01 61/ 7 4.2E-01
4,4-DDT ND 1.0E+00 5.7E-01 4.8E-01 37 7 1.1E+00
CL6(138) 3.1E-01 3.7E+00 8.7E-01 1.3E+00 747 7 2.1E+00
CL5(126) ND 3.7E-01 3.5E-01 1.9E-02 3/ 7 3.6E-01
CL7(187) 7.3E-02 1.3E+00 4.3E-01 4.6E-01 71 17 9.4E-~01
CL6(128) ND 3.5E-01 1.2E-01 1.0E-01 s/ 7 2.2E-01
CL7(180) 1.8E-02 1.6E+00 4.7E-01 5.9E-01 71 7 1.1E+00
MIREX ND 1.7E+00 5.1E-01 5.SE-01 6/ 17 1.1E+00
CL7(170) 2.2E-02 4.4E+00 1.3E+00 1.6E+00 71/ 7 2.9E+00
CL8(195) ND 1.9E-01 1.6E-01 5.7E-02 4 / 7 2.2E-01
CL9(206) ND 2.1E-01 2.0E-01 1.1IE-Q2 4/ 7 2.1E-01
CL10(209) ND 6.4E-01 6.0E~01 3.3E-02 3/ 7 6.3E-01
AROCLOR 1016/1242 ND 2.5E+00 2.3E+00 1.3E-01 A 2.4E+00
AROCLOR 1221 ND 2.5E+00 2.3E+00 1.3E-01 /s 7 2.4E+00
AROCLOR 1232 ND 2.5E+00 2.3E+00 1.3E-01 3/ 7 2.4E+00
AROCLOR 1248 ND 2.5E+00 2.3E+00 1.3E-01 /s 7 2.4E+00
AROCLOR 1254 5.8E+00 7.3E+01 2.3E+01 2.4E+01 7171 7 4.7E+01
AROCLOR 1260 ND 2.5E+00 2.3E+00 1.3E-01 3/ 7 2.4E+00

ND - Not Detected
Units: ug/kg wet weight



TABLE D-6a

DATA SUMMARIES FOR PCB/PESTICIDE ANALYSES (BATCH 4)

ANALYTE

CLS5(101)
4,4-DDE
4,4-DDD
CL&(153)
AROCLOR 1254

ND - Not Detected
Units: ug/kg wet weight

CAUSEWAY LANDFILL, MCRD
PARRIS ISLAND, SOUTH CAROLINA

POND
Arithmetic Standard
(Min) (Max) average error
ND 2.5E-01 1.9E-01 1.0E-01
1.2E+01 2.5E+01 1.8E+01 5.0E+00
ND 2.9E+00 1.1E+00 1.2E+00
ND 1.5E+00 4.8E-01 6.5E-01
ND 4.1E+01 1.2E+01 1.9E+01

TABLE D-6b

DATA SUMMARIES FOR PCB/PESTICIDE ANALYSES (BATCH 4)

ANALYTE

44-DDE
4,4-DDD
CL6(153)
AROCLOR 1254

ND - Not Detected
Units: ug/kg wet weight

CAUSEWAY LANDFILL, MCRD
PARRIS ISLAND, SOUTH CAROLINA

TIDEGATE
Arithmetic Standard
(Min) (Max) average error
1.6E+00 1.8E+01 6.7E+Q0 6.6E+00
ND 2.3E+00 6.4E-01 8.3E-01
ND 2.1E+00 4.6E-01 7.9E-01
ND 6.1E+01 2.1E+01 2.8E+01

Frequency

6 /
1/
21/
2/

= - T < (Y -

Mean +

1se

3.0E-01
2.3E+01
2.3E+00
1.1E+00
3.2E+01

Mean +

1se

1.3E+01
1.5SE+00
1.2E+00
4.9E+01



TABLE D-7
DATA SUMMARIES FOR PCB/PESTICIDE ANALYSES (BATCH 5)
CAUSEWAY LANDFILL, MCRD
PARRIS ISLAND, SOUTH CAROLINA

POND
A Arithmetic Standard Detection Mean +

ANALYTE ’ (Min) (Max) average error Frequency 1se

CL3(28) ND 8.2E-01 5.0E-01 1.8E-01 8/ 9 6.8E-01
CLA4(52) ND 5.8E-01 ! 4.6E-01 - 1.3E-01 17 9 5.9E-01
HEPTACHLOREPOXIDE . ND 4.0E-01 2.7E-01 1.1E-01 57 9 3.8E-01
CLA(66) 2.1E-01 7.5E-01 4.0E-01 2.0E-01 9/ 9 6.0E-01
2,4-DDE ND 2.7E-01 1.4E-01 5.9E-02 27 9 2.0E-01
CL5(101) ND 7.3E-01 2.9E-01 1.9-01 4/ 9 4.8E-01
CIS-CHLORDANE 2.8E-01 6.5E-01 4.3E-0t 1.3E-01 97 9 5.7E~01
TRANS-NONACHLOR 5.5E-01 1.5E+00 9.5E-01 3.9E-01 9/ 9 1.3E+00
DIELDRIN 2.0E-01 4.6E-01 3.4E-01 9.0E-02 9/ 9 4.3E-01
4,4-DDE 7.1E+00 2.2E+01 1.3E+01 5.0E+00 9/ 9 1.8E+01
CLATD ND 5.1E-01 3.9E-01 1.5g-01 1/7 9 5.3E-01
CL5(118) 5.3E-01 1.9E+00 1.0E+00 4.7E-01 9/ 9 1.5E+00
4,4-DDD 1.5E+00 1.2E+01 5.3E+00 3.3E+00 9/ 9 8.5E+00
CL6(153) 8.1E-01 3.9E+00 2.1E+00 1.0E+00 97 9 3.1E+00
CL5(105) ND 6.0E-01 3.9g-01 1.4E-01 8/ 9 5.3E-01
CL6(138) 1.7E-01 2.3E+00 1.1E+00 7.0E-01 9/ 9 1.8E+00
CL7(187) ND 6.6E-01 3.4E-01 1.9-01 8/ 9 5.3E-01
TL6&(128) 1.1E-01 3.4E-01 2.0E-01 8.6E-02 97 9 2.9E-01
CL7(180) 1.7E-0t 9.4E-01 4.5E-01 2.4E-01 9/ 9 6.9E-01
MIREX 5.9E-01 1.7E+00 9.8E-01 4.0E-01 97 9 1.4E+00
CL7(170) 8.8E-02 4.5E-01 2.0E-01 1.2E-01 9/ 9 3.2E-01
CLB(195) ND 2.7E-01 1.8E-01 9.8E-02 2/ 9 2.8E-01

Units: ug/kg wet weight



ANALYTE

CL3(28)
HEPTACHLOREPOXIDE
CLA4(66)
CIS-CHLORDANE
TRANS-NONACHLOR
DIELDRIN

4,4-DDE

CLS5(118)

4,4-DDD

CL&(153)

CL5(105)

CL6(138)

CL7(187)

CL6(128)

CL7(180)

MIREX

CL7(170)

Units: ug/kg wet weight

TABLE D-8

' DATA SUMMARIES FOR PCB/PESTICIDE ANALYSES (BATCH 5)

CAUSEWAY LANDFILL, MCRD
PARRIS ISLAND, SOUTH CAROLINA

TIDEGATE

: Arithmetic Standard Detection
(Min) (Max) "average error Frequency
ND 4.8E-01 - 4.3E-01 7.2E-02 17 2
8.0E-01 9.3E-01 8.7E-01 8.9E-02 2/ 2
9.2E-02 2.5E-01 1.7E-01 1.1E-01 27 2
2.7TE-01 4.8E-01 3.8E-01 1.5E-01 2/ 2
5.8E-01 7.6E-01 6.7E-01 1.2E-01 2/ 2
4.9E-01 9.0E-01 6.9E-01 2.9-01 2/ 2
3.0E+00 1.2E+01 7.6E+00 6.4E+00 2/ 2
3.1E-01 7.9E-01 5.5E-01 3.4E-01 27 2
3.1E-01 2.1E+00 1.2E+00 1.3E+00 27 2
8.7E-01 1.5E+00 1.2E+00 4.8E-01 27 2
2.6E-01 3.3E-01 2.9g-01 5.3E-02 2/ 2
6.5E-02 7.1E~01 3.9E~01 4.5E-01 2/ 2
9.7E-02 2.8E-01 1.9E-01 _ 1.3E-0! 27 2
1.0E-01 1.6E-01 1.3E-01 4.3E-02 2/ 2
2.2E-01 4.0E-01 3.1E-01 1.3E-01 27 2
5.6E-01 9.8E-01 7.7E-01 3.0E-01 2/ 2
1.0E-01 1.0E-01 1.0E-01 1.4E-03 2/ 2

Mean +

1se

5.0E-01
9.5E-01
2.9E-01
5.2E-01
8.0E-01
9.8E-01
1.4E+01
8.9E-01
2.5E+00
1.7E+00
3.5E-01
8.4E-01
3.2E-01
1.8E-01
4.4E-01
1.1E+00
1.1E-01



TABLE D-9

DATA SUMMARIES FOR PCB/PESTICIDE ANALYSES (BATCH 6)
CAUSEWAY LANDFILL, MCRD
PARRIS ISLAND, SOUTH CAROLINA

ANALYTE

CL2(8)
HEXACHLOROBENZENE
LINDANE

CL3(18)

CL3(28)
HEPTACHLOR
CLA(52)

ALDRIN

CL4(44)
HEPTACHLOREPOXIDE
CLA(66)

2,4-DDE

CL5(101)
CIS-CHLORDANE
TRANS-NONACHLOR
DIELDRIN

4,4-DDE

CL4(IT)

2,4-DDD

ENDRIN

CL5(118)

44-DDD

2,4-DDT

CL6(153)

CL5(105)

4,4-DDT

CL6(138)

CL5(126)

CL7(187)

CL6&(128)

CL7(180)

MIREX

CL7(170)

CL3(195)

CL9(206)

CL10(209)
AROCLOR 1016/1242
AROCLOR 1221
AROCLOR 1232

0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00

POND
Arithmetic Standard Detection
(Max) average  error Frequeacy

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND



TABLE D-10
DATA SUMMARIES FOR PCB/PESTICIDE ANALYSES (BATCH 6)
CAUSEWAY LANDFILL, MCRD
PARRIS ISLAND, SOUTH CAROLINA

TIDEGATE

Arithmetic Standard Detection
ANALYTE (Min) (Max) average ~ error Frequency
LINDANE ND 8.1E-02 6.9E-02 6.1E-03 6/ 7
CLA(52) ND 1.3E-01 1.2E-01 1.7E-02 17 7
CL4(44) ND 6.3E-01 1.7E~01 2.0E-01 17 7
CLA(66) ND 1.2E-01 7.4E-02 3.5E-02 37 1
2,4-DDE ND 1.9E-01 5.1E-02 6.0E-02 37 17
CIS-CHLORDANE ND 2.9-01 8.3E-02 9.3E-02 3/ 17
TRANS-NONACHLOR ND 1.6E-01 6.7E-02 4.0E-02 4/ 17
DIELDRIN ND 1.0E-01 8.6E-02 7.6E-03 6/ 17
4,4-DDE 3.0E-01 4.7E-01 3.6E-01 6.0E-02 71 7
2,4-DDD ND 9.4E-02 8.1E-02 7.1E-03 1/ 7
CL5(118) ND 7.3E-02 5.8E-02 1.4E-02 17 7
4,4-DDD ND 1.0E-01 8.6E-02 7.6E-03 17 17
2,4-DDT ND 7.5E-02 6.4E-02 5.6E-03 | A
CL5(105) ND 1.8E-01 5.9-02 5.2E-02 17 7
4,4-DDT ND 3.5E-01 3.0E-01 2.6E-02 17 7

ND - Not Detected
Units: ug/kg wet weight
No clams on pond side of the landfill



DATA SUMMARIES FOR PCB/PESTICIDE ANALYSES (BATCH 7)
CAUSEWAY LANDFILL, MCRD
PARRIS ISLAND, SOUTH CAROLINA

ANALYTE

CL3(18)
CL3(28)

CLA(52)

CL4(44)

CLA(66)

2,4-DDE

CL5(101)
CIS-CHLORDANE
TRANS-NONACHLOR
4,4-DDE

CL5(118)

4,4-DDD

2,4-DDT

CL6(153)

L5(105)

CL6&(138)

CL7(18T)

CL6&(128)

MIREX

AROCLOR 1254

ND - Not Detected
Units: ug/kg wet weight

(Min)

ND
ND
1.0E+00
2.2E-01
ND
4.1E-01
3.3E+00
7.3E-01
1.0E+00
9.4E+00
2.5E+00
3.6E+00
1.0E-01
3.2E+00
6.9E-01
1.7E+00
2.5E-01
1.2E-01
2.9E-01
2.8E+01

TABLE D-11

(Meax)

1.1E+00
5.1E-01
3.6E+00
6.1E-01
1.4E+00

6.8E-01

5.6E+00
1.2E+00
1.8E+00
2.0E+01
3.8E+00
1.0E+01
3.6E-01
4.5E+00
9.5E-01
2.6E+00
5.3E-01
1.9e-01
5.3E-01
5.9e+01

POND
Arithmetic
average

3.6E-01
2.2E-01
2.4E+00
4.0E~0!
1.0E+00
4.3E-01
4.5E+00
8.5E-01
1.2E+00
1.2E+01
3.2E+00
5.3E+00
2.0E-01
3.9E+00
7.9E-01
2.1E+00
3.6E-01
1.5E-0!
4.0E-01
4.9E+01

Standard

3.0E-01
1.2E-01
7.4E-01
1.3e-01
4.5E-01
8.5E-02
7.3E-01
1.5E-01
2.6E-01
3.7E+00
4.1E-01
2.2E+00
8.4E-02
4.8E-01
9.3E-02
3.2E-01
8.8E-02
3.0E-02
6.9E-02
9.2E+00

00 OO OO0 OO0 OO0 00 OO0 OO OO 00 OO0 OO0 OO OO0 00 ~J) 00 OO0 &+ o+

e . T S O O T

Detection
Frequenc

OO0 00 OO OO0 OO 00 OGO OO0 OO0 00 OO0 OO OO0 OO OO0 OO OO OO0 OO OO

Mean +

1se

6.6E-01
3.4E-01
3.1E+00
5.3E-01
1.5E+00
5.7E-01
5.3E+00
9.9E-01
1.SE+00
1.6E+01
3.6E+00
7.5E+00
2.9E-01
4.4E+00
8.8E-01
2.5E+00
4.5E-01
1.8E-01
4.7E-01
5.8E+01



TABLE D-12
DATA SUMMARIES FOR PCB/PESTICIDE ANALYSES (BATCH 7)
CAUSEWAY LANDFILL, MCRD
PARRIS ISLAND, SOUTH CAROLINA

TIDEGATE

Arithmetic Standard Detection  Mean +
ANALYTE (Min) (Max) average error Frequenc 1se
CLA(44) ND 6.1E-01 1.1E-01 1.6E-02 179 1.3E~01
2,4-DDE ND 6.8E-01 1.5E-01 ~ L3E-01 4/ 9 2.8E-01
CL5(101) ND 5.6E+00 1.0E-01 8.1E-02 2179 1.8E-01
CIS-CHLORDANE . ND 1.2E+00 2.5E-01 1.5E-01 6/ 9 4.0E-01
TRANS-NONACHLOR ND " 1.8E+00 1.7E-01 8.3E-02 719 2.5E-01
4,4-DDE 9.4E+00 2.0E+01 2.0E+00 1.1E+Q0 979 3.0E+00
CL5(118) ND 3.8E+00 1.1E-01 4.0E-02 8/ 9 1.5E-01
4,4-DDD ND 1.0E+0} 5.4E-01 4.3E-01 8/ 9 9.7E-01
CL6(153) ND. 4.5E+00 1.2E-01 6.9E-02 6/ 9 1.9E-01
CL5(105) . ND 9.5E-0! 1.6E-01 6.7E-02 8/ 9 2.3E-01
CL6(138) ND 2.6E+00 6.8E~02 3.6E-02 8/ 9 1.0E-01
MIREX ND 5.3E-01 1.2E-01 2.0E-02 4/ 9 1.4E-01

ND - Not Detected
Units: ug/kg wet weight



TABLE D-13
DATA SUMMARIES FOR PAH ANALYSES (BATCH 1)
CAUSEWAY LANDFILL, MCRD

PARRIS ISLAND, SOUTH CAROLINA

POND

Arithmetic  Standard  Detection Mean +
ANALYTE (Min) (Max) average error Frequency 1se
naphthalene 8.2E-01  3.8E+00 1.8E+00 .1E+00 6/ 6 2.8E+00
2-methylnaphthalene 5.6E-01 1.6E+00 8.3E-01 3.8E-0I 6/ 6 1.2E+00
|-methylnaphthalene . _ 4.1E-01  8.6E-0t S$.7TE-01 1.8E-0t 6/ 6 7.4E-01
biphenyl 3.7E-01 1.3E+00 7.6E-01 3.0E-01 6/ 6 1.1IE+00
2,6—dimethyinaphthalene 24E-01  6.2E-0!l 3.6E-01 1.4E-0I1 6/ 6 5.0E-01
acenaphthylene ND 1.7E+00 1.1E+00 7.8E-01 27 6 1.9E+00
acenaphthenc ND 1.4E+00 7.8E-01 6.8E-0t 3/ 6 1.5E+00
1,6, 7-trimethylnaphthalenc ND 1.5E+00 1.2E+00 S5.4E-01 176 1.8E+00
fluorene 2.6E-01 7.0E-01 4.5E-01 1.5E-0Il 61/ 6 6.0E-01
phenanthrene 2.7E-01 1.1E+00 6.2E-01 2.9E-01 6/ 6 9.1E-01
anthracene ND 1.3E+00 3.1E-01 5.0E-01 576 8.1E-01
I-methylphenanthrene ND 2.3E+00 4.6E-01 9.2E-01 517 6 1.4E+00
fluoranthene 1.4E-01 4.2E-01 2.9E-01 1.2E-01 6/ 6 4.1E-01
pyrene 1.1E-01 2.9E-01 1.8E-01 17.7E-02 6/ 6 2.6E-0!t
benz[a)anthracene ND ND 2.7E+00 2.SE-Ot 0/ 6 2.9E+00
chrysene ND 2.9E+00 1.4E+00 1.4E+00 37 6 2.8E+00
benzo{b)fluoranthene ND 4.6E+00 2.3E+00 2.5E+00 3/76 4. 8E+00
benzo{k Mluoranthene ND 3.1E+00 1.6E+00 1.7E+00 3/ 6 3.2E+00
benzo{elpyrene ND 2.6E+00 1.6E+00 1.2E+00 21716 2.9E+00
benzola]pyrenc ND 2.7E+00 2.1E+00 1.0E+00 176 3.1E+00
perylene ND ND 3.1E+00 2.9E-01 0/ 6 3.4E+00
indeno{1,2,3-c,d]pyrene ND 1.5E+00 1.1E+00 5.1E-01 176 1.6E+00
dibenz(a,h]anthracene ND ND 1.8E+00 1.7E-01 0/ 6 2.0E+00
benzo{g,h,ilperylenc ND 2.2E+00 1.1IE+00 1.1E+00 3/ 6 2.3E+00

Units in ug/kg wet weight



TABLE D-14
DATA SUMMARIES FOR PAH ANALYSES (BATCH 1)
CAUSEWAY LANDFILL, MCRD

PARRIS ISLAND, SOUTH CAROLINA

TIDEGATE

Arithmetic  Standard Detection Mean +
ANALYTE (Min) (Max) average error Frequency 1se
naphthalene 1.3E+00 1.3E+00 1.3E+00 NA 17 1 1.3E+00
2-methylnaphthalene 9.2E-01 9.2E-01 9.2E-01 NA 17 1 9.2E-01
1-methylnaphthalene ' 6.7E-01  6.7E-01 6.7E-01 NA t/7 1 6.7E-01
biphenyl 29E-01  2.9E-0l 2.9E-01 NA 17 1 2.9E-01
2,6-dimethylnaphthalene 5.6E-01 '5.6E-01 5.6E-01 NA 17 1 5.6E-01
acenaphthylene ND ND 1.7E+00 NA 0/ 1 1.7E+00
acenaphthene 1.1E-01  1.1E-01 1.1E-01 NA 17 1t 1.1E-01
1,6,7-trimethylnaphthalenc ND ND 1.5E+00 NA 0/ 1 1.SE+00
fluorene 2.6E-01  2.6E-01 2.6E-01 NA 17 1 2.6E-01
phenanthrene 2.6E-01 2.6E-01 2.6E-01 NA 17 1 2.6E-01
anthracene 4.2E-02 4.2E-02 4.2E-02 NA 17 1 4.2E-02
1-methylphenanthrene 6.7E-02  6.7E-02 6.7E-02 NA 17 1 6.7E-02
fluoranthene 1.0E-01  1.0E-01 1.0E-01 NA 17 1 1.0E-01
pyrene 8.8E-02 8.8E-02 8.8E-02 NA 17 1 8.8E-02
benz{ajanthracene ND ND 2.7TE+00 NA 0/ 1 2.7E+00
chrysene ND ND 2.8E+00 NA 0/ 1 2.8E+00
benzo{b}fluoranthene ND ND 4.9E+00 NA o/ 1 4.9E+00
benzo[k]fluoranthene ND ND 3.3E+00 NA 0/ 1 3.3E+00
benzo{c]pyrene ND ND 2.5E+400 NA 0/ 1 2.5E+00
benzo{a]pyrene ND ND 2.6E+00 NA 0/ 1 2.6E+00
perylene ND ND 3.1E+00 NA 0/ 1 3.1E+00
indeno{1,2,3-¢c,d]pyrenc ND ND 1.3E+00 NA 0/ 1 1.3E+00
dibenz[a,h)anthracene ND ND 1.8E+00 NA 0/ 1 1.8E+00
benzofg,h,ilperylene ND ND 2.3E+00 NA 0/ 1 2.3E+00

Units in ug/kg wet weight



TABLE D-15

DATA SUMMARIES FOR PAH ANALYSES (BATCH 2)
ESI REPORT - CAUSEWAY LANDFILL

PARRIS ISLAND, SOUTH CAROLINA

POND

Arithmetic  Standard  Detection Mean +
ANALYTE (Min) (Max) average error Frequency 1 s8¢
naphthalene 8.6E+00 5.5E+02 1.3E+02 2.1E+02 6/ 6 3.4E+Q2
2-methylnaphthalene ND 8.8E+01 2.4E+01 3.3E+01 5176 5.7E+01
1-methylnaphthalene . ND 6.9E+01 1.TE+0l 2.6E+0l 5/ 6 4.3E+01
biphenyl ND 1.1E+02 3.0E+01 3.9E+0Il 5/ 6 6.9E+01
2,6-dimethylnaphthalene ND 3.8E+00 3.3E+00 4.1E-0I 2/ 6 3.7E+00
acenaphthylene ND 3.3E+00 2.6E+00 9.9E-01 3/ 6 3.6E+00
acenaphthene ND 2.0E+01 59E+00 6.9E+00 4/ 6 1.3E+01
1,6, 7-trimethylnaphthalene ND 3.0E+00 2.6E+00 6.5E-01 176 3.3E+00
fluorene ND 1.1E+01 7.3E+00 3.7E+00 4/ 6 1.1E+01
phenanthrenc 1.5E+01 4.9E+01 2.8E+01 1.5E+01 6/ 6 4.3E+01
anthracene ND 2.86+00 2.6E+00 S.1E-01 3/ 6 3.1E+00
1-methylphenanthrene ND 5.2E+00 3.0E+00 2.4E+00 3/ 6 5.4E+00
fluoranthene 6.3E+00  8.1E+0l 2.4E+01 2.9E+01 6/ 6 5.4E+01
pyrene §.6E+00  5.2E+02 1.0E+02 2.0E+02 6/ 6 3.1E+02
benz{a]anthracene ND 5.4E+00 3.7E+00 2.4E+00 216 6.2E+00
chrysene ' ND 6.5E+00 3.1E+00 2.7E+00 5176 5.8E+00
benzo[b]fluoranthene ND 1.4E+01 9.2E+00 4.4E+00 2/ 6 1L4E+01
benzofk]fluoranthene ND 1.0E+01 6.2E+00 3.2E+00 21/ 6 9.4E+00
benzo[e]pyrene ND 5.6E+00 4.3E+00 2.0E+00 17 6 6.3E+00
benzo[alpyrene ND 5.2E+00 3.5E+00 2.5E+00 21/ 6 6.0E+00
perylene ND 6.9E+00 5.3E+00 2.4E+00 1716 7.8E+00
indenof1,2,3-¢,d]pyrene ND ND 2.6E+00 1.5E-01 0/ 6 2.7E+00
dibenz{a, h]anthracene ND ND 3.6E+00 2.2E-0I 0/ 6 3.9E+00
benzo[g,h,i}perylenc ND 1.1E+01 5.1E+00 3.3E+00 21/ 6 8.4E+00

Units in ug/kg wet weight



TABLE D-16

DATA SUMMARIES FOR PAH ANALYSES (BATCH 2)
CAUSEWAY LANDFILL, MCRD

PARRIS ISLAND, SOUTH CAROLINA

TIDEGATE

Arithmetic  Standard  Detection Mean +
ANALYTE (Min) (Max) average error Frequency 1se
naphthalene 1.0E+01  1.0E+01 1.0E+01 NA 17 1 1.0E+01
2-methylnaphthalene 4.2E+00 4.2E+00 4.2E+00 NA 17 1 4.2E+00
1-methylnaphthalene . 2.3E+00 2.3E+00 2.3E+00 NA 17 1 2.3E+00
biphenyl 1.1IE+00  1.1E+00 1.1E+00 NA 17 1 1.1E+00
2,6~-dimethyinaphthalenc ND ND 3.5E+00 NA 0/ 1 3.5E+00
acenaphthylene ND ND 3.36+00 NA 0/ 1 3.3E+00
accnaphthene ND ND 3.0E+00 NA 0/ 1 3.0E+00
1,6,7-trimethylnaphthalene ND ND 3.0E+00 NA 0/ 1 3.0E+00
fluorcne 1.1E+00 1.1E+00 1.1E+00 NA | | 1.1E+00
phenanthrene 1.3E+00 1.3E+00 1.3E+00 NA 171 1.3E+00
anthracene ND ND 2.8E+00 NA o/ 1 2.8E+00
1-methylphenanthrene ND ND 5.2E+00 NA 0/ 1 5.2E+00
fluoranthene 79E-01  7.9E-0t 7.9E-01 NA 17 1 7.9E-01
pyrene ND ND 5.9E+00 NA 0/ 1 5.9E+00
benz{a]anthracene ND ND 5.4E+00 NA 0/ 1 5.4E+00
chrysene ND ND 5.6E+00 NA 0/ 1 5.6E+00
benzo{b]fluoranthene 7.0E-01  7.0E-01 7.0E-01 NA 17 1 7.0E-01
benzo[k}fluoranthene 44E-01 4.4E-0l 4.4E-01 NA 1/ 1 4.4E-01
benzo|e]pyrene ND . ND 5.1E+00 NA 0/ 1 5.1E+00
benzofa]pyrene ND ND 5.2E+00 NA 0/ 1 5.2E+00
perylene ND ND 6.3E+00 NA 0/ 1 6.3E+00
indeno[1,2,3-c,d]pyrenc ND ND 2.6E+00 NA 0/ 1 2.6E+00
dibenz[a,h)anthracene ND ND 3.6E+00 NA o/ 1 3.6E+00
benzo|g,h,i}perylene ND ND 4.7E+00 NA 0/ 1 4.7E+00

Units in ug/kg wet weight



TABLE D-17

DATA SUMMARIES FOR PAH ANALYSES (BATCH 3)
CAUSEWAY LANDFILL, MCRD

PARRIS ISLAND, SOUTH CAROLINA

POND

Arithmetic  Standard  Dctection Mecan +
ANALYTE (Min) {Max) average error Frequency 18e
naphthalene 9.2E-01 1.7E+00 1.2E+00 3.2E-01 4 ]/ 4 1.6E+00
2-methyinaphthalene 4 4E-01 1.2E+00 7.3E-01 3.6E-01 4/ 4 1.1E+00
1-methylnaphthalene ) 3.3E-01  7.7E-01 4.6E-0t 2.1E-01 4/ 4 6.7E-01
biphenyl 1.8E-01  S5.1E-01 3.0E-01 1.4E-01 4/ 4 4.4E-01
2,6~dimethylnaphthalcne 1.6E-01 5.0E-01 2.9E-01 1.5E-01 4/ 4 4.4E-01
acenaphthylene ND 1.7TE+00 1.3E+00 7.6E-01 11/ 4 2.1E+00
acenaphthene ND 1.6E+00 6.8E-01 6.7E-01 3/ 4 1.4E+00
1,6,7-trimethylnaphthalenc ND 1.5E+00 1.2E+00 6.7E-01 117 4 1.8E+00
fluorenc 2.4E-01 1.2E+00 5.3E-01 4.5E-01 4/ 4 9.8E-01
phenanthrene ) 4.6E-01 1.9E+00 9.1E-01 7.0E-01 4 / 4 1.6E+00
anthracene ND 1.5E+00 1.1E+00 6.5E-01 17 4 1.8E+00
I-methylphenanthrenc ND 2.7E+00 1.3E+00 1.5E+00 21/ 4 2.8E+00
fluoranthene 1.4E-01 6.1E-01 2.7E-01 2.3E-01 4/ 4 5.0E-01
pyrenc 7.6E-02 2.7E-01 1.4E-01 8.6E-02 4 / 4 2.3E-01
benz{a]anthracene ND ND 2.8E+00 2.4E-01 0/ 4 3.1E+00
chrysene ND 2.9E+00 1.4E+00 1.6E+00 217 4 3.0E+00
benzo[b]fluoranthene ND ND 5.2E+00 4.4E-01 0/ 4 5.7E+00
benzo[k]fluoranthene ND ND 3.5E+00 2.9E-01 0/ 4 3.8E+00
benzo[e]pyrene ND ND 2.7E+00 2.2E-01 0/ 4 2.9E+00
benzo[a]pyrene ND ND 2.8E+00 2.3E-Ol 0/ 4 3.0E+00
perylene ND ND 3.3E+00 2.8E-01 0/ 4 3.6E+00
indenof1,2,3-c,d]pyrenc ND ND 1.3E+00 1.1E-01 0/ 4 1.5E+00
dibenz[a,h)anthracene ND ND 1.9E+00 1.6E-01 0/ 4 2.1E+00
benzofg,h,ilperylene ND ND 2.5E+00 2.1E-01 0/ 4 2.7E+00

Units in ug/kg wet weight



TABLE D-18

DATA SUMMARIES FOR PAH ANALYSES (BATCH 3)
CAUSEWAY LANDFILL, MCRD

ANALYTE

naphthalene
2-methylnaphthalenc
I-methylnaphthalene
biphenyl
2,6-dimethylnaphthalene
accnaphthylene
acenaphthene
1,6,7-trimethylnaphthalene
fluorene

phenanthrene

anthracenc
1-methylphenanthrene
fluoranthene

pyrenc
benz{a]anthracene
chrysene
benzo[b}fluoranthene
benzo[k)fluoranthene
benzo{e]pyrene
benzo{a)pyrene

perylenc
indeno{1,2,3-¢,d]pyrene
dibenz[a, h]anthracene
benzofg,h,ilperylene

Units in ug/kg wet weight

PARRIS ISLAND, SOUTH CAROLINA

(Min)

1.1E+00
7.6E-01
4.7E-01
ND
ND
ND
ND
ND
2.3E-01
3.9E-01
ND
ND
1.8E-01
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

(Max)

2.0E+00
3.2E+00
1.7E+00
2.2E+00
1.7E+00
1.9E+00
1.6E+00
1.7E+00
1.3E+00
1.7E+00
1.6E+00
2.9E+00
6.2E-01
3.0E+00
ND

3.2E+00
5.8E+00
3.8E+00
2.9E+00
ND

ND

ND

ND

2.7E+00

TIDEGATE
Arithmetic
average

1.4E+00
1.6E+00
8.5E-01
8.9E-01
8.3E-01
1.3E+00
7.3E-01
1.0E+00
5.3E-01
8.5E-01
7.2E-01
1.2E+00
3.5E-01
5.7E-01
2.9E+00
1.8E+00
4.6E+00
3.1E+00
2.4E+00
2.8E+00
3.4E+00
1.4E+00
2.0E+00
1.8E+00

Standard
error

3.0E-01
9.8E-01
5.1E-01
8.5E-01
5.9E-01
7.6E-01
6.2E-0!
6.8E-0!1
4.4E-01
5.9E-01
7.5E-01
1.5E+00
1.8E-01
1.1E+00
1.6E-01
1.5E+00
1.9E+00
1.3E+00
1.0E+00
1.6E-01
1.9E-01
7.6E-02
1.1E-01
1.2E+00

i
i
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Mean +
lse

1.7E+00
2.6E+00
1.4E+00
1.7E+00
1.4E+00
2.1E+00
1.4E+00
1.7E+00
9.7E-01
1.4E+00
1.5E+00
2.7E+00
5.4E-01
1.6E+00
3.1E+00
3.3E+00
6.6E+00
4.4E+00
3.4E+00
3.0E+00
3.6E+00
1.5E+00
2.1E+00
3.0E+00



TABLE D-19

DATA SUMMARIES FOR PAH ANALYSES (BATCH 4)
ESI REPORT - CAUSEWAY LANDFILL

PARRIS ISLAND, SOUTH CAROLINA

POND

Arithmetic ~ Standard  Detection Mean +
ANALYTE (Min) (Max) average error Frequency lse
naphthalene 1.0E+01  7.9E+01 4.7E+01 2.8E+0l 4/ 4 7.5E+01
2-methylnaphthalene 5.1E+00  4.0E+01 2.3E+01 1.4E+01 4/ 4 3.7E+01
1~methylnaphthalene . 3J.0E+00  2.6E+01 1.5E+01 9.4E+00 4/ 4 2.4E+01
biphenyl 3.6E+00  2.4E+01 1.5E+01 8.5E+00 4/ 4 2.3E401
2,6-dimcthyinaphthalenc ND 2.1E+00 1.9E+00 3.2E-01 1/ 4 2.2E+00
accnaphthylene ND ND 2.0E+00 3.6E-02 0/ 4 2.1E+00
accnaphthene 1.2E+00  7.9E+00 3.5E+00 3.0E+00 4/ 4 6.SE+00
1,6,7-trimethylnaphthalene ND 1.8E+00 1.5E+00 4.8E-01 17 4 2.0E+00
fluorenc 2.3E+00 1.2E+0l 6.6E+00 3.8E+00 4/ 4 1.0E+01
phenanthrene 6.9E+00  2.3E+01 1.SE+01 6.8E+00 4/ 4 2.2E+01
anthracene 8.6E-0I  6.0E+00 3.1E+00 2.1E+00 4/ 4 5.2E+00
1-methylphenanthrene 5.0E-01  5.0E+00 2.6E+00 1.8E+00 4/ 4 4.4E+00
fluoranthene 2.4E+00 9.8E+00 5.5E+00 3.2E+00 4/ 4 8.7E+00
pyrene 1.2E+00  1.1E+0} 5.1E+00 4.2E+00 4/ 4 9.3E+00
benz[a)anthracenc ND 3. 4E+Q0 3.1IE«00 3.6E01 1 / 4 3.5E+00
chrysene 5.1E-01  5.4E+«00 2.7E+00 2.0E+00 41/ 4 4.7E+00
benzofb)fluoranthene ND 6.2E+00 6.1E+00 1.1E-01 17 4 6.2E+00
benzo[k)fluoranthenc ND 4.2E+Q00 4.0E+00 1.4E-01 17 4 4.1E+00
benzofe]pyrene ND ND 3.IE+00 5.4E-02 0/ 4 3.2E+00
benzo{a)pyrene ND ND 3.2E+00 5.6E-02 0/ 4 3.2E+00
perylene ND ND 3.8E+00 6.7E-02 0/ 4 3.9E+00
indeno(1,2,3-c,d]pyrene ND ND 1.6E+00 2.7E-02 0/ 4 1.6E+00
dibenz[a,hlanthracene ND ND 22E+00 3.9E-02 0/ 4 2.3E+00
benzo[g,h.ilperylene ND 3.2E+01 9.7E+00 1.5E+0t 2/ 4 2.4E+01

Units in ug/kg wet weight



TABLE D-20

DATA SUMMARIES FOR PAH ANALYSES (BATCH 4)
CAUSEWAY LANDFILL, MCRD

PARRIS ISLAND, SOUTH CAROLINA

TIDEGATE

Arithmetic  Standard Detection Mcan +
ANALYTE (Min) (Max) average error Frequency 18
naphthalene 1.9E+01  4.9E+01 3.1E+01 1.1E+01 6/ 6 4.2E+01
2-methylnaphthalene 1.2E+01  2.2E+0I 1.5E+01 7.3E+00 6/ 6 2.2E401
1-mcthylnaphthalene _ 7.0E+00 1.3E+0! 9.3E+00 4.7E+00 6/ 6 1.4E+01
biphenyl 5.7E+00 1.7E+01 9.2E+00 S5.6E+00 6/ 6 1.5E+01
2,6-dimethyinaphthalene 34E+00 7.4E+00 4.5E+00 2.4E+00 6/ 6 6.9E+00
acenaphthylene ND ND 1.7E+00 7.7E-01 0/ 6 2.5E+00
acenaphthene 1.7E+00  2.4E+00 1.6E+00 7.7E-0t 6/ 6 2.4E+00
1,6, 7-trimcthylnaphthalene ND 4.1E+00 2.3E+00 1.4E+00 57 6 3.7E+00
fluorene 3.IE+00 8.8E+00°  4.1E+00 26E«00 6/ 6 6.8E+00
phenanthrene 5.4E+00 2.8E+01 1.1E+01 B8.6E+00 6/ 6 2.0E+01
anthracene 9.9E-01 3.4E+00 2.0E+00 1.2E+00 6/ 6 3. 1E+00
1-methylphenanthrene 8.6E-01  2.5E+00 1 4E+00 8.3E-01 6/ 6 2.3E+00
fluoranthene 2. 7E+00  6.1E+00 3.5E+00 1.9E+00 6/ 6 5.5E+00
pyrenc 1.6E+00  4.8E+00 2.6E+00 1.6E+00 6/ 6 4.2E+00
benz[a]anthracene ND ND 2.8E+00 1.2E+00 0/ 6 4.0E+00
chrysene ND 3 4E+00 1.5E+00 1.0E+00 517 6 2.6E+00
benzo[b]fluoranthene ND ND 5.1E+00 2.3E+00 07 6 7.4E+00
benzo{k]fluoranthene ND ND 3.4E+00 1.SE+00 0/ 6 5.0E+00
benzo[e]pyrene ND ND 2.6E+00 1.2E+00 0/ 6 3.8E+00
benzo[a)pyrene ND ND 2.7E+00 1.2E+00 0/ 6 3.9E+00
perylene ND ND 3.2E+00 1.4E+00 0/ 6 4.7E+00
indeno[1,2,3—c,d]pyrene ND ND 1.3E+00 5.9E-01 0/ 6 1.9E+00
dibenz[a,h]anthracene ND ND 1.9E+00 8.4E-01 07 6 2.7E+00
benzo(g, h,i)perylene ND 2.8E+00 2.1E+00 1.3E+00 | Y 3.4E+00

Units in ug/kg wet weight



TABLE D-21

DATA SUMMARIES FOR PAH ANALYSES (BATCH 5)
ESI REPORT - CAUSEWAY LANDFILL

PARRIS ISLAND, SOUTH CAROLINA

POND

Arithmetic  Standard  Detection Mean +
ANALYTE (Min) (Max) average error Frequency 1se
naphthalene 6.9E-01  1.6E+00 1.0E+00 2.5E-0t 979 1.3E+00
2-methylnaphthalene 5.6E-01 1.4E+00 9.3E-01 2.4E-01 9179 1.2E+00
I-methy!naphthalenc . 35E-01  1.4E+00 6.1E-01 3.3E-0l 979 9.5E-01
biphenyl ND 2.3E+00 7.1E-01 17.2E-01 8/ 9 1.4E+00
2,6-dimethylnaphthaiene ND 2.0E+00 4.6E-01 5.9E-01 8/ 9 1.0E+00
accnaphthylene ND 2.5E+00 1.2E+00 1.1E+00 4/ 9 2.3E+00
acenaphthene ND 1.8E+00 7.2E-0t 5.0E-01 8/79 1.2E+00
1,6,7~trimethylnaphthalene ND 2.1E+00 8.6E-01 8.9E-01 579 1.7E+00
fluorene 2.0E-01 4.8E-01 3.2E01 9.1E-02 9179 4.1E-01
phenanthrene 3.0E-01 6.1E-01 4.2E-01 |.1E-01 979 5.3E-01
anthracene ND 1.6E+00 2.4E-01 5.3E-01 879 7.6E-01
|-methylphenanthrene ND 3.6E+00 8.1E-01 1.4E+00 7179 2.2E+00
fluoranthenc 1.8E-01  4.5E-01 2.7E-01 9.9E-02 979 3.7E-01
pyrene 1.7E-01  3.9E-01 24E-01 17.4E-02 9179 3.1E-01
benz[a]anthracene ND ND 3.6E+00 5.2E-0I 079 4.1E+00
chrysene ND 3.2E+00 4.6E-0!1 1.0E+00 8/ 9 1.5E+00
benzo[blfluoranthenc ND 6.9E+00 1.5E+00 2.8E+00 7179 4.3E+00
benzo[k]fluoranthene ND 4.7E+00 1.OE+00 1.9E+00 171719 2.9E+00
benzo[e]pyrenc ND 4.0E+00 2.7E400 1.5E+00 279 4.2E+00
benzo[a)pyrene ND 4.1E+00 2.7E+00 1.5E+00 279 4.3E+00
perylene ND 5.0E+00 3.8E+00 1.5E+00 179 5.3E+00
indeno|1,2,3-c,d]pyrene ND 2.0E+00 1.5E+00 5.9E-O!l 179 2.1E+00
dibenz[a,h]anthracene ND ND 2.4E+00 3.5E-01 0179 2.8E+00
benzo{g,h,i]perylenc ND 3.7E+00 2.8E+00 1.1E+00 179 3.9E+00

Units in ug/kg wet weight



TABLE D-22

DATA SUMMARIES FOR PAH ANALYSES (BATCH 5)
CAUSEWAY LANDFILL, MCRD

PARRIS ISLAND, SOUTH CAROLINA

TIDEGATE

Arithmetic  Standard Detection Mean +
ANALYTE (Min) (Max) average crrof Frequency 1se
naphthalenc 1.2E+00 1.3E+00 1.3E+00 4.5E-02 27 2 1.3E+00
2-methylnaphthalene 1.7E+00  1.8E+00 1.8E+00 5.6E-02 2/ 2 1.8E+00
1-methylnaphthalene ) 6.5E-01 1.7E+00 1.2E+00 7.5E-01 2/ 2 1.9E+00
bipheny! 1.0E-01  2.3E-0i 1.7E-01 8.8E-02 2/ 2 2.5E-01
2,6~dimethylnaphthalene 3.3E01 3.7E-01 "3.5E-01 29E-02 2/ 2 3.8E-01
acenaphthylenc ND 2.7TE+00 1.4E+00 1.9E+00 1/ 2 3.3E+00
accnaphthenc 1.8E-01  6.3E-01 4.0E-01 3.2E-01 27 2 7.3E-01
1,6,7-trimethylnaphthalene ND 2.1E+00 1.1E+00 1.4E+00 17 2 2.5E+00
fluorenc 1.5E-01 1.6E-01 1.56-01 7.7E-03 2/ 2 1.6E-01
phenanthrene 2.1E-01  3.0E-01 2.5E-01 6.8E-02 217 2 3.2E-01
anthracene ND 2.0E+00 1.0E+00 1.4E+00 17 2 2.4E+00
1-methylphcnanthrene 44E-02 1.0E-01 7.4E-02° 4.2E-02 21 2 1.2E-01
fluoranthene 1.0E-01 1.6E-01 1.3E-01 39E-02 27 2 1.7E-01
pyrene 1.1E-01 1.6E-01 1.4E-01 3.5E-02 2/ 2 1.7E-01
benz{ajanthracene ND ND 4.1E+00 4.4E-01 0/ 2 4.5E+00
chrysene ND 3.9E+00 2.0E+00 2.7E+00 17 2 4.7E+00
benzo{b]fluoranthene ND ND 7.5E+00 8.2E-0O1 o/ 2 8.3E+00
benzofk]fluoranthene ND ND 5.0E+00 5.5E-Ol 0/ 2 5.6E+00
benzo{e]pyrene ND ND 39E+00 4.2E-0l 0/ 2 4.3E+00
benzola)pyrene ND ND 4.0E+00 4.3E-01 0/ 2 4.4E+00
perylene ND ND 4 8E+00 5.2E-01 0/ 2 5.3E+00
indeno[1,2,3-¢c,d]pyrene ND ND 1.9E+00 2.1E-0I 0/ 2 2.1E+00
dibenz[a,hjanthracene ND ND 2.8E+00 3.0E-01 0/ 2 3.1E+00
benzo{g, h,i]perylene ND ND 3.6E+00 3.9E-01 0/ 2 3.9E+00

Units in ug/kg wet weight



TABLE D-23

DATA SUMMARIES FOR PAH ANALYSES (BATCH 6)
CAUSEWAY LANDFILL, MCRD

PARRIS ISLAND, SOUTH CAROLINA

TIDEGATE

Arithmetic  Standard Detection Mecan +
ANALYTE (Min) (Max) average error Frequency 1sc
naphthalene 8.0E-01 24E+00 1.5E+00 5.4E-0t 71 1 2.0E+00
2-methylnaphthalene 6.1E-01  1.4E+00 9.0E-01 2.6E-01 71 17 1.2E+00
1-methylnaphthalene ) 39E-01 9.9E-0I 5.7E-01 2.1E-01 717 1 7.8E-01
biphenyl 1.8E-01  6.2E-01 4.4E-01 1.5E-01 71 17 5.9E-0t
2,6-dimethylnaphthalene 2.4E-01 4.0E-0I 3.2E-01 6.7E-02 717 1 3.9E-01
acenaphthylene ND 6.7E-01 S.1E-01 1.8E-0I 177 6.9E-01
acenaphthene ND S.4E-01 3.SE-01 2.0E-01 3/ 1 5.5E-01
1,6,7-trimethylnaphthalene ND ND 5.1E-01 4.5E-02 0/ 7 5.6E-01
fluorene 1.4E-01  2.7E-01 2.0E-01 5.3E-0? 717 1 2.5E-01
phenanthrene 2.8E-01  7.6E-Ot 49E-01 1.6E-01 71 17 6.5E-01
anthracene 4.7E-02  3.0E-01 1.4E-01 8.1E-02 17171 1 2.2E-01
1-methylphenanthrene 6.2E-02  1.2E-01 9.1E-02 2.0E-02 17171 1 1.1E-01
fluoranthene 2.9E-01 1.2E+00 54E-01 2.9E-0I 717 17 8.3E-01
pyrene 2.1E-01  8.8E-Ol 4.3E-01 2.2E-01 L 6.5E-01
benz[a)anthracene ND ND 94E-01 8.2E-02 o/ 17 1.0E+00
chrysene 1.0E-01  3.4E-01 1.8E-01 7.7E-02 71 17 2.6E-0t
benzo[b]fluoranthene 5.2E-02 2.1E-0I 1.1E-0t 5.3E-02 71 1 1.6E-01
benzo[k fluoranthene 4.1E-02  1.3E-0t 7.56-02 2.7E-02 171 17 1.0E-01
benzo[e]pyrene ND 9.1E-01 7.6E-01 2.8E-01 17 1 1.0E+00
benzo[a]pyrene ND 9.4E-01 4.3E-01 4.3E-01 4/ 1 8.6E-01
perylene ND 1.1E+00 3.5E-01 4.8E-0I s/ 1 8.2E-01
indeno{1,2,3-c,d]pyrene ND ND 4 4E-0! 3.9E-02 0/ 1 4.8E-01
dibenz[a,h)anthracene ND ND 6.3E-01 5.5E-02 0/ 17 6.9E-01
benzo[g,h,ilperylene ND 8.4E-01 6.9E-01 2.8E-0t 17 17 9.7E-01

Units in ug/kg wet weight



TABLE D-24

DATA SUMMARIES FOR PAH ANALYSES (BATCH 7)

ANALYTE

naphthalene
2-methylnaphthalene
1-methylnaphthalene
biphenyl
2,6—dimethylnaphthalene
acenaphthylene
acenaphthenc
1,6,7T-trimethylinaphthalene
fluorene

phenanthrenc
anthracene
1-methylphenanthrene
fluoranthene

pyrenc
benz{a)anthracene
chrysene
benzo[b}fluoranthene
benzo[k)fluoranthene
benzo[e]pyrene
benzofa]pyrene

perylene
indenof1,2,3-c,d]pyrenc
dibenz|a,hlanthracene
benzo[g,h,i]perylene

Units in ug/kg wet weight

ESI REPORT - CAUSEWAY LANDFILL
PARRIS ISLAND, SOUTH CAROLINA

(Min)

5.8E-01
7.6E-01
3.7E-01
1.7E-01
4.4E-01
ND

3.3E-01
ND

3.5E-01
1.5E+00
1.7E-01
2.3E-01
3.0E+00
1.3E+00
2.8E-01
9.1E-01
ND

ND

1.8E-01
ND

5.9E-02
ND

ND

6.0E-02

(Max)

1.1E+00
1.4E+00
7.0E-01
3.1E-01
7.2E-01
9.5E-01
6.7E-01
8.2E-01
5.5E-01
2.2E+00
4.2E-01
5.4E-01
1.1E+01
6.2E+00
2.1E+00
3.1E+00
2.8E+00
1.9E+00
8.7E-01
1.6E+00
3.2E-01
8.9E-01
1.1E+00
7.8E-01

POND
Arithmetic
average

7.6E-01
1.1E+00
5.4E-01
2.2E-01
. 5.9-01
3.1E-01
4.4E-01
2.5E-01
4.5E-01
1.8E+00
2.8E-01
3.3E-01
5.2E+00
2.7E+00
8.4E-0!1
1.SE+00
1.1E+00
4.8E-01
4.0E-01
5.4E-01
1.4E-0t
3.9E-0!
5.5E-01
2.0E-01

Standard
error

1.8E-01
2.3E-01
1.1E-01
5.0E-02
9.2E-02
3.9-01
1.1E-01
2.3E-01
6.2E-02
2.5E-01
8.5E-02
9.9E-02
3.1E+00
1.9E+00
6.5E-01
7.6E-01
7.9E-01
5.8E-01
2.4E-01
6.2E-01
8.5E-02
3.5E-01
54E-01
2.4E-01

Frequency
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Mean +
s

9.4E-01
1.3E+00
6.6E-01
2.7E-01
6.9E-01
7.0E-01
5.5E-01
4.83E-01
5.1E-01
2.1E+00
3.6E-01
4.3E-01
8.3E+00
4.6E+00
1.5E+00
2.3E+00
1.9E+00
1.1E+00
6.4E-01
1.2E+00
2.3E-01
71.4E-01
1.1E+00
4.4E-01



TABLE D-25

DATA SUMMARIES FOR PAH ANALYSES (BATCH 7)
CAUSEWAY LANDFILL, MCRD

PARRIS ISLAND, SOUTH CAROLINA

TIDEGATE
Arithmetic  Standard Detection Mecan +
~ ANALYTE _ (Min) (Max) average crror Frequency 1 se

naphthalenc 34E-01 1.4E+00 6.3E-01 3.0E-01I 9/ 9 9.3E-01
2-methylnaphthalene 7.6E-01  1.4E+00 4.8E-01 33E-01 - 9/ 9 8.1E-0t
1-methylnaphthalene . 3.7E-01  7.0E-0l 3.1E-01 23E-01 9/ .9 5.4E-01
biphenyl 1.7E-01  3.1E-0! 1.6E-01' 1.3E-01 917 9 - 2.9E-01
2,6-dimethylnaphthalenc ~ 44E-01 7.2E-01 24E-01' - 1.2E-01 ~ 9/ 9 . 3.6E-01
acenaphthylene ND ND 1.2E01..3.1E-02 0/ 9 7.5E-01
scenaphtheno ) ND 6.7E-01 1.6E-01 2.0E-0! 8/ 9 3.6E-01
1.6,7-trimethylnsphthalenc ND 3.2E-01 . 4.6E-01 2.6E-01 37 9 7.1E-01
fluorene 3.5E-01 5.5E-0! 1.9E-01 4.83E-02 917 9 2.3E-01
phenanthrene 1.5SE+00  2.2E+00 5.3JE-01 1.2E-0O! 97 9 6.6E-01
anthracene - 1.7E-01  4.2E-0t 9.5E-02 S5.9E-02 917 9 1.5E-01
1-methylphenanthreno 2.3E-01  S.4E-01 1.IE-01 S8E-02 "9/ 9 1.7E-01
fluoranthene J.IE+00  [.1E40I 9.7E-01 2.8E-01 97 9 1.2E+00
pyrene 1.3E+00  6.2E+00 5.8E-01 1.8E-0I 9171 9 7.6E-01
benz{a]anthracene ND 2.1E+00 8.5E-01 4.5E-0! 37 9 1.3E+00
chrysene 9.1E-01  3.1E+00 34E-01 9.8E-02 91 9 4.4E-01
benzo[b)luoranthene ND 2.8E+00 4.SE-01 6.2E-01 g8/ 9 1.1E+00
benzo{k}fluoranthcne : ND 1.9E+00 2.7E-01 4.3E-0! 8/ 9 7.0E-0!1
benzo[e]pyrene . 1.8E-01  8.7E-0l "8.386-02 3.1E-02 9/ 9 1.2E-01
benzo[a]pyrene ND 1.6E+00 54E-01 5.6E-01 4/ 9 1.1E+00
peryleno 59E-02 3.2E-0I 9.6E-02 2.9E-02 917 9 1.3E-01
indeno[1,2,3-¢c,d]pyrene ND $.9E-01 2.2E-01 2.5E-0! 57 9 4.7E-01
dibenz{a,h]anthracene ND ND 7.9E-01 3.4E-02 07 9 8.2E-01
benzo[g,h,ilperylenc ND 1.8E-01 5.0E-01 S5.0E-01 57 9 1.0E+00

Units in ug/kg wet weight



TABLE D-26
DATA SUMMARIES FOR MERCURY ANALYSES

CAUSEWAY LANDFILL, MCRD
PARRIS ISLAND, SOUTH CAROLINA

POND . :

Arithmetic  Standard  Detection Mean +
BATCH # . (Min) Max) averege error Frequency 1se
1 4.1E-02 6.9E-02 5.5E-02 1.0E-02 617 6 © 6.6E-02
2 3.5E-02 4.2E-01 1.1E-01 1.5E-0! 6/ 6 2.7E-01
3 2.3E-03 6.4E-03 3.8E-03 1.8E-03 4 / 4 5.6E-03
4 4 0E-02 1.5E-01 7.5E-02 5.3E-02 4 /] 4 1.3E-0}
s 1.1E-02 3.2E-02 2.2E-02 6.1E-03 979 2.8E-02
6 NS
7 7.9E-03 1.3E-02 1.1IE-02 2.0E-03 8/ 8 - 1.3E-02

TIDEGATE

Arithmetic  Standard  Detection Mean +
BATCH # (Min) (Max) average  error ~  Frequency 1s¢
1 5.8E-02 5.8E-02 S.8E-02 NA 171 5.8E-02
2 7.1E-02 7.1E-02 7.1E-02 NA 171 ‘ 7.1E-02
3 1.1E-03 1L.1E-O02 45E-03 3.3E-03 71 17 7.8E-03
4 3.6E-02 8.9E-02 6.1E-02 2.2E-02 61/ 6 8.3E-02
5 4.2E-02 5.6E-02 49E-02 9.8E-03 27 2 5.9E-02
6 3.8E-03 9.6E-03 6.4E-03 1.8E-03 717 8.2E-03
7 6.9E-03 1.1E-02 8.3E-03 1.3e-03 9/ 9 9.6E-03

NOTES:

NA - Not applicable (only one sample)
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ECOLOGY OF TARGET SPECIES

Striped Mullet. Adult mullet (Mugil cephalus) are described as herbivorous,
detritivorous, and interface feeders. Their diet varies with location, but the
major food consumed is either epiphitic and benthic microalgae, macrophytic
detritus, or inorganic sediment particles (Collins, 1985). Although sediment
particles function primarily as a grinding paste in the gizzard-like pyloric
portion of the stomach, some small particles are rich in microorganisms and are
selectively ingested for their food value.

Mullet commonly feed by sucking up the top layer of sediment, which is rich in
detritus and microalgae, primarily diatoms, and by grazing on epiphytes and
epifauna from seagrasses and other substrates. They also ingest surface scum
when large concentrations of microalgae are present at the air water interface.
As a result of their feeding behavior, mullet are exposed to any sediment
contamination directly or indirectly through consumption of contaminated food
items (i.e., biocaccumulation).

Mullet are schooling fish that are generally found in the more saline areas of
estuaries and occasionally in freshwater as well. Mature mullet move offshore
to spawn in the fall and winter and return to estuarine areas in the spring.
Mullet may be resident in the tidal creek and pond areas near the causeway on a
seasonal basis for periods of 6 to 9 months. On the tidal creek side, mullet may
move with tidal exchange and are probably resident for shorter periods of time.

Summer Flounder. The summer flounder (Paralithys dentatus) are found along the

shores of bays, sounds, and lagoons in comparatively shallow water along the
south Atlantic and Gulf coasts.

Summer flounders are highly predaceocus, feeding on both benthic and pelagic fish
and crustaceans. As adults, they are primarily tertiary consumers and capture
prey equally well on the bottom or in the water column (Enge and Mulholland,
1985). Larger southern flounder tend to prey proportionally more on fish than
other types of prey but also feed on penaeid shrimp and portunid crabs. In
flounders over 150 millimeters (6 inches), fish constituted about 70 percent of
the food items, penaeid shrimp were the most frequent invertebrates, followed by
blue crabs (Rogers and Van Den Avyle, 1983). Fish commonly eaten by the summer
flounder include anchovy, mullet, menhaden, Atlantic croaker, and pinfish. Three
of the original target species: shrimp, crabs, and mullet are thus primary diet
items of the summer flounder.

As top carnivores or tertiary consumers in the aquatic food web and potentially
resident in the pond area for 8 to 9 months, summer flounder provide a good
candidate for examining potential concentration of contaminants at the top of the
aquatic food web in the vicinity of the Causeway Landfill. They are probably
resident for shorter periods in the tidal creeks moving in and out during tidal
changes and only incidentally returning to the same creek.

Blue Crab. The blue crab (Callinectes sapidus) is a decapod crustacean that is
common in estuarine waters along the Atlantic and Gulf coasts. Adults inhabit
shallow bays and reaches of creeks during most of the year, frequently migrating
to somewhat deeper, warmer waters during the winter. Females migrate to higher

Parrisle.ESI
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"salinity waters, after mating in lower estuaries, sounds, and nearshore spawning
areas (Van Den Avyle and Fowler, 1984).

Blue crabs are omnivorous and feed on benthic macroinvertebrates, small fish,
aquatic vegetation (and its associated fauna), and dead organisms. As such, they
span the range from primary through tertiary consumers. As mostly secondary and
tertiary consumers in their adult stage, crabs provide a mid-level indicator in
the aquatic food web. Although blue crabs are highly mobile and good swimmers,
they are generally benthic feeders.

Blue crabs are often buried in the sediment for cover either during molting
(shedding of hard carapace) when they are more vulnerable to predation, or when
overwintering.

Exposure routes for contaminants would include direct exposure to sediment as
well as dietary exposures. Blue crabs may migrate to deeper waters during winter
periods, depending on water temperatures; however, they may reside in the pond
area for relatively long periods of time (sometimes up to 9 months). It is not
clear from available data whether winter temperatures would permit overwintering
in the pond. Blue crabs grow quickly and do not usually live more than 3 years.

Almost all of the large crabs for this study caught were caught on the pond side,
which due to limited tidal exchange was somewhat warmer during the initial part
of the survey. Most of the crabs caught were males; females may have already
migrated offshore to more saline waters for spawning. The reduced numbers
captured on the tide gate side may be due to declining temperatures; however,
this is uncertain. Crabs generally inhabit shallow nearshore waters during the
summer and warm fall months and, after temperature declines, may move offshore
into deeper waters for overwintering. B

Hard Clam. Hard clams (Mercenaria mercenaria) are common in intertidal and
subtidal estuarine habitats along the Atlantic and Gulf coasts in salinity ranges
from about 12.5 parts per thousand (ppt) to full salt water (35 ppt) and in a
wide variety of substrate types. Optimal salinity range for adult hard clams is
20 to 30 ppt.

The apparent limited distribution of clams on the pond side of the causeway may
be related to a combination of environmental factors or the distribution of
predators, particularly the blue crab which, based on catch-per-unit-effort, was
considerably more abundant on the pond side of the causeway. The habitat
suitability index (HSI) model for the hard clam (Mulholland, 1984) includes water
quality (salinity, dissolved oxygen, and temperature) and substrate-suspended
solids components (percent silt-clay, current, and suspended solids). With the
possible exception of salinity, these parameters did not appear to be limiting
factors at the Causeway Landfill site. Other water quality factors such as pH
may be a reason for the absence or reduced abundance of clams on the pond side.
Calabrese (1972) observed that successful recruitment of M. mercenaria requires
that the pH of estuarine waters not fall below 7.0.

Adult hard clams are suspension feeding bivalves that obtain food by filtering
plankton and microorganisms (Mulholland, 1984) and absorbing organic material
from the water (Eversole, 1987). Clams are primarily infaunal planktivores/omni-
vores. Adult hard clams are capable of withstanding temporary adverse
environmental conditions by closing their shells. Adults are sedentary making
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them good biological indicators of changing environmental conditions at a site.
Sessile species, such as clams and oysters, provide a means of interpreting
temporal variations in exposure to contaminants.

American Oyster. ' The American or eastern oyster (Crassostrea virginica) occurs
in nearshore estuarine ecosystems from Canada to Mexico. The location and
distribution of oysters in a salt marsh-estuarine system results from the
interaction of many biologicai, chemical, geological, and physical processes
(Bahr and Lanier, 1981). The normal salinity range for American oysters is 10
to 30 ppt, but they can survive in salinities from 5 to 40 ppt.

The primary limiting factor controlling the distribution of oysters in the

vicinity of the Causeway landfill was probably substrate quality. The oyster

.requires firm or stable substrate conditions to attach, survive, and proliferate.
Ideal bottom substrate consists of

shell (reef) materials or mud-sand-shell mixtures that are firm enough to support

the weight of large oysters without burial.

The intertidal distribution of oysters sampled on the tide gate side was limited
by the soft mud substrate. Distribution was limited to rock substrate at the
tide gate and to outer curves in the tidal creek where faster flowing water
reduced soft silt deposition resulting in firmer substrate. Subtidal distribu-
tion of oysters on the pond side was limited by the more sandy pond bottom. The
oysters were essentially restricted to the deposited hard substrate sections of
the Causeway Landfill itself. On more sandy bottoms, oysters are either buried
or their gills are unable to function in filter feeding and respiration
(Galtsoff, 1964).

Oysters are filter feeding planktivores and omnivores. These primary consumers
also ingest a large assortment of small waterborne particles including diatoms,
flagellates, and bacteria (nanoplankton), detritus and silt, and dissolved
molecules such as glucose (Galtsoff 1964). Adult oysters feed primarily on
phytoplankton. At optimum conditions of temperature and salinity, an oyster
pumps water at a rate of 15 liters per hour. The daily volume of water filtered
by intertidal oysters would be less than subtidal oysters due to exposure
(Burrell, 1986). As a sessile benthic mollusk, like the hard clam, the American
oyster is also a good indicator of environmental conditions within estuarine
habitats. Because of its commercial importance, the oyster is widely studied and
comparative data from other areas is readily available.
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