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1.0 INTRODUCTION

This document presents and discusses the results of recent investigations conducted at sites IR 1 and
IR 8 at Naval Air Station (NAS) Key West, Florida on behalf of the U.S. Navy, Naval Facilities Engineering
Command, Southern Division (NAVY SOUTHDIV) under the Comprehensive Long-Term Environmental
Action-Navy (CLEAN) Contact Number N62467-94-0-0888, Contract Task Order 007. Sediment toxicity
tests were recommended for IR 1 (Truman Annex Refuse Disposal Area) and IR 8 (Fleming Key South
Landfill) as a result of an ecological risk assessment conducted for eight sites at NAS Key West. The
ecological risk assessment was part of a Supplemental Resource Conservation and Recovery Act
(RCRA) Facility Investigation and Remedial Investigation (RFI/RI) conducted on behalf of NAVY
SOUTHDIV. The Eight-Site RFI/RI Report (B&R Environmental, 1998a) has been reviewed and
approved by the U.S. Environmental Protection Agency (EPA) and the Florida Department of

Environmental Protection (FDEP).

The ecological risk assessment concluded that potential site-related ecological risks from contaminants at
both IR 1 and IR 8 are limited to benthic organisms. The risk assessment determined that the ecological
contaminants of concern (COCs) at IR 1 consisted of copper, lead, zinc, Aroclor-1260, and
organochlorine pesticides. Ecological COCs at IR 8 consisted of copper, lead, and zinc. The selection of
COCs at these two sites was based primarily on exceedances of sediment benchmarks. However, the
actual toxicity of sediment contaminants to benthic organisms at these sites was unknown. Thus, further
study was recommended to better characterize the nature and extent of toxicity in site sediments before
proceeding with a feasibility study. The NAS Key West Partnering Team determined that additional study
should consist of sediment toxicity tests and additional chemical analyses. This document describes the
subsequent sediment toxicity tests and chemical analyses conducted on samples collected from the

vicinity of IR 1, IR 8, and two reference sites during October, 1998.

Section 2 of this document describes existing ecological conditions at IRs 1 and 8, and summarizes the
results of the ecological risk assessment conducted for the Eight-Site RFI/RI Report. Section 3 describes
investigation activities and methodologies. Section 4 presents the results of the investigation and

Section 5 discusses the results. Finally, conclusions are summarized in Section 6.

AIK-99-0083 1-1 CTO 0007
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2.0 BACKGROUND INFORMATION

Site descriptions and previous investigations are discussed in detail in the Eight-Site RFI/RI Report (B&R

Environmental, 1998a) and are summarized below.

2.1 IR 1 - TRUMAN ANNEX REFUSE DISPOSAL AREA

211 Habitats and Ecological Receptors

IR 1 is located adjacent to the open ocean along the southern shore of Truman Annex on Key West
(Figures 2-1 and 2-2). The site covers an area of approximately 7 acres, and consists primarily of a Navy
antenna facility. A chain-link fence surrounds the site, and access to IR 1 is strictly controlled. The main
sewer outfall line for Key West runs through the property. Treated sewage is pumped into the ocean at
the outfall point 3,600 feet southwest of IR 1. From 1952 until the mid-1960s the Truman Annex Refuse

Disposal Area was used for general refuse disposal and open burning (ABB 1995).

Terrestrial habitat at IR 1 consists largely of mowed turf grass enclosed by a chain link fence. Due to the
overall lack of vegetation (other than turf grass) the site is probably utilized by few terrestrial receptors.
Birds, however, forage occasionally in grassy areas on the site. There are no freshwater resources at
IR 1. Prior to landfall of Hurricane Georges on September 25, 1998, a 5 to 15-foot strip of weeds and a
few Australian pines (Casuarina equisetifolia) were present between the chain link fence and riprap along
the shoreline. However, Hurricane Georges caused massive erosion of much of the area between the
riprap and the chain link fence. Additional riprap, comprised primarily of large concrete rubble and
boulders, has subsequently been placed along the shoreline as a temporary method of restoration and

erosion control.

A diverse assemblage of marine life was observed within the near shore vicinity of IR 1 during sampling
activities conducted in 1996 and 1998. Common aquatic plants included turtle grass (Thalassia
testudinum), sea fan (Gorgonia spp.), sea plume (Pseudopterogorgia spp.), and sea whip (Leptogorgia
spp.). Observed animal life included spiny lobster (Panulirus argus), queen conch (Strombus gigas),
hawkwing conch (Strombus raninus), Caribbean vase conch (Vasum muricatum), green moray eel
(Gymnothorax funebris), hermit crab (Petrochirus diogenes), tarpon (Megalops atlanticus), barracuda

(Sphyraena barracuda), and several other fish.

AIK-99-0300 2-1 CTO 0007
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21.2 Ecological Risk Summary

The ecological risk assessment (B&R Environmental, 1998a) was based on the analyses of groundwater
and soil samples collected from IR 1, and the analyses of surface water, sediment, and tissue samples
(spiny lobster, Caribbean vase conch, giant hermit crab, and turtle grass) collected from the near-shore
vicinity of the site. Potential contaminant migration pathways from IR 1 consist of groundwater discharge

to the ocean, overland runoff, and erosion from wind and wave action.

Ecological COCs identified in the ecological risk assessment in groundwater consist of endosulfan I,
dieldrin, and gamma-BHC. Based on exceedances of ecological benchmark values, sediment COCs
consist of Aroclor-1260, 4,4’-DDT, dieldrin, endrin, endosulfan, gamma-BHC, some daughter products of
these pesticides, as well as copper, lead, and zinc. COCs in soil consist of copper, lead, and zinc. The
use of the site by terrestrial receptors is minimal, and thus, these metals do not pose a potential risk to
terrestrial receptors; however, they are considered soil COCs due to their potential for migration to
aquatic habitats near IR 1. Copper and zinc were elevated (relative to background tissue samples) in
some crab and lobster samples from the vicinity of IR 1, but most concentrations were not significantly
elevated in comparison to concentrations of these metals reported in the literature for similar organisms

from other background areas.

The ecological risk assessment concluded that potential ecological risks from metals and organic
compounds appear to be limited to benthic organisms. However, the toxicity of sediment contaminants to
benthic organisms was unknown, and thus, further study was recommended to better characterize the
nature and extent of toxicity in IR 1 sediments before proceeding with a feasibility study.

2.2 IR 8 - FLEMING KEY SOUTH LANDFILL

2.21 Habitats and Ecological Receptors

IR 8 covers approximately 45 acres in the southwestern portion of Fleming Key (Figures 2-1 and 2-3).
The southeastern portion of the site is bordered by the City of Key West Sewage Treatment Plant. A
munitions storage area is located along the east boundary of the site. The remainder of the site is
bordered by ocean water (Man of War Harbor). As much as 8,000 tons of various wastes reportedly were

disposed at the landfill annually between 1962 and 1982.

A closed canopy of Australian pines exists throughout most of the site, and ground cover is generally

sparse. Brazilian pepper (Schinus terebinthifolius) and weedy species such as sandbur (Cenchrus

AIK-99-0083 2-2 CTO 0007
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tribuloides) and Cyperus spp. occur in areas where sufficient sunlight can reach the ground. These areas
are limited primarily to narrow dirt access roads within the site. There are no surface freshwater
resources at IR 8. Since most of the site is a monoculture of Australian pines, the site provides poor
habitat for terrestrial species. Nevertheless, a few species of mammals, reptiles, arboreal birds, and

avian raptors utilize the site.

Turtle grass is abundant and is the dominant aquatic vegetation in near shore waters of IR 8. Aquatic
marine life observed during sampling activities conducted in 1996 and 1998 included queen conch, milk
conch (Strombus costatus), stone crab (Menippe mercenaria), spiny spider crab (Mithrax spinosissimus),

true tulip snails (Fasciolaria tulipa), spiny lobsters, and several fish species.

222 Ecological Risk Summary

The ecological risk assessment (B&R Environmental, 1998a) was based on the analyses of groundwater
and soil samples collected from IR 8, and the analyses of surface water, sediment, and tissue samples
(spiny lobster, stone crab, spiny spider crab, true tulip, milk conch, and turtle grass) collected from the
near shore vicinity of the site. Potential contaminant migration pathways from IR 8 consist of
groundwater discharge to the ocean, overland runoff, and erosion from wind and wave action. However,
the ecological risk assessment concluded that groundwater discharge of metals to the ocean appears to
be the dominant migration pathway. Based on exceedances of ecological benchmark values, COCs at
IR 8 consist of copper, lead, and zinc in sediment. These metals were also elevated (relative to
background tissue samples) in some crab, lobster, and conch samples from the vicinity of IR 8, but most
concentrations were not significantly elevated in comparison to concentrations of these metals reported in

the literature for similar organisms from other background areas.

Interim Remedial Actions were completed at IR 8 in 1997. These actions consisted of the removal of
debris from along the shoreline, the installation of shoreline protection structures, and revegetation (using
native species) along the shoreline. The impact of these actions on sediments is not known. However,
sediment concentrations of site-related contaminants are expected to gradually decrease as a result of
the Interim Remedial Action activities. There was no visible shoreline erosion at IR 8 following Hurricane

Georges.
The ecological risk assessment concluded that potential ecological risks at IR 8 are primarily confined to

risks to benthic organisms from copper, lead, and zinc in sediments. However, the bioavailability and

toxicity of these metals to benthic organisms was unknown, and thus, further study was recommended to

AIK-99-0083 2-3 CTO 0007
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better characterize the nature and extent of toxicity in IR 8 sediments before proceeding with a feasibility

study.

23 REFERENCE SAMPLING LOCATIONS

Reference sediment samples were collected from two locations that were utilized in the Eight-Site RFI/RI
Report. The designations used in the Eight-Site RFI/RI Report (i.e., Background 4 and Background 8)
will be retained when referring to these sites. Background 4 and Background 8 are similar to IRs 1 and 8
in terms of shoreline types, substrate, and near shore marine habitats. In addition, sediment chemical
analyses conducted for the Eight-Site RFI/RI Report indicate that sediments at these locations are
relatively uncontaminated. Sediment samples from the reference sites were used to provide data from
areas similar to the IR sites but not subjected to site-related contaminants, in order to provide a site-

specific basis for evaluating toxicity.

2.31 Background 4 - Dredgers Key

Dredgers Key is %2 mile north of Key West and 1 mile east of Fleming Key (Figure 2-1). Various U.S.
Navy facilities exist on the western and central portions of Dredgers Key. The northeastern portion of the
island is relatively undeveloped, and is dominated by Australian pines. Vegetation along the shoreline
consists primarily of Australian pines and red mangroves (Rhizophora mangle). Sea grass communities
exist in near shore waters. One sediment sample was collected from an area near the northeastern

shoreline of Dredgers Key.

2.3.2 Background 8 - Wisteria Island

Wisteria Island is located approximately %2 mile northwest of Key West (Figure 2-1). No development
exists on the island, which is covered with a dense canopy of Australian pines. The shoreline consists of

calcareous rock and shell fragments. Submerged aquatic vegetation surrounding the island is dominated

by turtle grass. One sediment sample was collected from an area along the western shoreline.

AIK-99-0083 2-4 CTO 0007
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3.0 INVESTIGATION ACTIVITIES

Sediment samples collected in October 1998 were analyzed for metals, pesticides, PCBs, total organic
carbon, and particle size distribution. In addition, each sample was subjected to toxicity tests. Methods
and procedures for sample management, equipment decontamination, and quality control/quality
assurance are described in the RFI/RI Sampling and Analysis Plan (ABB, 1995) and Appendix C of the
Eight-Site RFI/RI Report (B&R Environmental, 1998a), and were adhered to at all times. The following
subsections describe how the sediment samples were collected, processed, and analyzed, and discuss

the sediment toxicity test organism and toxicity test methodology.

3.1 SAMPLE COLLECTION AND PROCESSING

Sediment samples were collected by Tetra Tech NUS, Inc. biologists during October 13-15, 1998. All
samples were collected using a ponar grab sampler or stainless steel scoop. Water depth at sediment
sampling locations was approximately 4 to 12 feet at IR 1 and 4 to 10 feet at IR 8. Samples were
collected primarily from the upper 2 to 3 centimeters of sediment, since this is often the most “biologically
active” portion of sediments. Extreme care was taken to obtain the samples with as little disruption as
possible and to retain the fine-grained portion of each sediment grab. Four or five deployments of the
sampler were usually required to provide a sufficient volume of material for the toxicity tests and chemical
analyses. Samples were collected from depositional areas if such areas were apparent at the sample
location. Sediments were accumulated in a stainless steel bowl, after which the material was carefully
homogenized in the field with a stainless steel spoon before it was distributed to prepared containers for

each analysis.

Sediments were medium to light gray or grayish tan in color, with a consistency that ranged from fine to
course. The fine grained sediments consisted of silt, clay and sand. The course grained sediments were
generally a combination of sand, gravel, and shell fragments. A hydrogen sulfide (H2S) odor was present
in samples IR 1-8, IR 8-1, and BG 4. Organisms noted in sediments consisted of small clams and

polychaete worms, but these were infrequently observed.

Ten composited samples were collected from sampling stations placed at approximately even intervals
along the shorelines of IR 1 and IR 8, and one composited sample was collected from each reference
site. The locations of the current and historical sediment sampling locations are shown in Figures 3-1 (IR
1) and 3-2 (IR 8). It should be noted, however, that none of the current or historical sample locations
were recorded using GPS equipment. In addition, several of the historical samples shown on Figures 3-1

and 3-2 were collected by a previous contractor; the accuracy of those locations is not known. Therefore,

AIK-99-0300 3-1 CTO 0007
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all sampling locations shown in these figures are approximate. Samples were processed in accordance
with FDEP standard operating procedures (FDEP 1992), the RFI/RI Sampling and Analysis Plan (ABB,
1995), and the Ecological Sampling Technical Memorandum (B&R Environmental, 1998b).

Samples were stored on ice immediately after collection. Samples were packed on ice at 4°C and
shipped via overnight delivery to Accutest Laboratories, Orlando, Florida, for chemical analyses. Toxicity
test samples were transferred to refrigerators in a secure field office at the end of daily field activities.

Temperatures in the refrigerators were maintained at 3-4°C. At the end of the three-day collection period,
samples were packed on ice at 4°C and relinquished to Hydrosphere Research Inc. employees for

transport directly to the toxicity testing laboratory at Gainesville, Florida.

General field observations of habitat conditions (water depth, bottom type, cover type and extent,
channel/basin morphology) and field measurements of physical and chemical water quality parameters
(pH, conductivity, salinity, dissolved oxygen, and water temperature) were made using portable field

instrumentation.

3.2 CHEMICAL ANALYSES

Chemical analyses were performed by Accutest Laboratories, Orlando, Florida. All samples were
analyzed for Target Compound List (TCL) pesticide and PCB compounds, Target Analyte List (TAL)
metals, total organic carbon (TOC), and particle (grain) size. Analyses were conducted in accordance
with Naval Facilities Environmental Services Center (NFESC) Quality Assurance/Quality Control (QA/QC)
criteria. Pesticides and PCB analyses followed SW-846 Methods 8081A and 8082 protocols. TAL metals,
with the exception of mercury, were analyzed using SW-846 Method 6010A. Mercury analyses were
conducted using SW-846 Method 7471A. TOC analyses were conducted using Corp. Eng. Method 81M,

and particle size analyses were conducted using ASTM method E422-63.

Volatile and semivolatile organic compounds were not shown to be a concern in previous studies of IR 1
or IR 8, and thus, analyses for these compounds were not conducted on the latest round of samples
discussed herein. Although pesticides and PCBs were not final ecological COCs at IR 8, analyses for
these compounds were conducted on IR 8 samples, since concentrations were elevated in some

sediment and tissue samples.
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3.3 TOXICITY TESTING

Twenty-eight day whole sediment toxicity tests using the amphipod Lepfocheirus plumulosus were
performed on all samples. This organism is commonly used in laboratory toxicity tests, even though 28-
day chronic sediment toxicity tests have not been standardized. Standard protocols, however, are being
developed and are available in draft format. Methods provided in “The Leptocheirus plumulosus Chronic
Sediment Toxicity Test Method for the Round-Robin Study” (EPA, 1997) served as the basis for the test
methodology. This was supplemented by EPA 600/R-94/025, Methods for Assessing the Toxicity of
Sediment-associated Contaminants with Estuarine and Marine Amphipods (EPA, 1994). Mortality,

growth (dry weight), and reproduction (number of young/surviving female) were measured.

The toxicity tests were conducted by Hydrosphere Research, Inc., Gainesville, Florida. The tests were
conducted in 1-liter glass chambers into which 175 mL of press-sieved sediment and 700 mL of overlay
water were added. For each sediment sample [including the laboratory (i.e., negative) control], 20
neonate organisms in each of five replicate test chambers were used. Water used for acclimation,
culture, and overlay during the tests was synthetic seawater with the salinity adjusted to 20 parts per
thousand (ppt). Sediment used for the laboratory control sample was obtained by the testing laboratory
from what appeared to be a relatively uncontaminated area near St. Augustine, Florida (Meyer, 1999).
One-half of the overlay water was renewed every other day for the duration of the test. Test organisms
were fed after water renewals. Chambers were held in temperature controlled water baths (25+2°) with
ambient laboratory lighting (16:8 light/dark hours). Aeration was provided at approximately 2 bubbles per
second using 1 mL pipettes. Salinity and ammonia of the pore water were measured at the beginning
and end of the test. Temperature, pH, and dissolved oxygen were measured daily. The test conditions

are summarized in Table 3-1.

Data analyses conducted by the testing laboratory consisted of standard F-tests and T-tests to determine
if each sample’s data was significantly different compared to data from the reference sites. Survival data
were arc-sine square root transformed prior to statistical analyses. The F-tests and T-tests were
conducted using Excel 5.0 programs. Survival was less than acceptable in the first test using sample

BG 8 (see Section 4.4), and thus, data from IR samples were compared to those in sample BG 4.

A detailed description of all aspects of test methodology and results is provided in the final toxicity testing

report (Hydrosphere, 1999), which is presented in Appendix B.
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3.4 DATA EVALUATION

3.4.1 Comparison to Reference Sites

Data from IR 1 and IR 8 were compared to data from the reference sites. Guidelines for contaminant
concentrations tend to be conservative, and often they are below background conditions in an area of
study. Therefore, comparison to reference, or background locations places concentrations observed in
potentially impacted areas in an appropriate regional perspective. For sediment toxicity testing, statistical
comparison to reference and control sediments provides the means for establishing sediment toxicity at

potentially impacted locations.

3.4.2 Comparison to Guidelines

Contaminant concentrations were compared to sediment ecological screening values (ESVs) established
by EPA Region 4 (1995) and FDEP (1994). Many Region 4 sediment ESVs are based on threshold
effects levels (TELs) established by FDEP (1994), and for the analytes detected in the IR 1 and IR 8
samples, the ESVs from these two agencies were the same (Table 3-2). The TEL is the geometric mean
of the 15" percentile in the effects data set and the 50" percentile in the no effects data set. Sediment
contaminant concentrations below the TEL (i.e., the minimal effects range) are not considered to
represent significant hazards to aquatic organisms (FDEP, 1994). The Probable Effects Level (PEL) is
the geometric mean of the 50" percentile in the effects data set and 85" percentile in the no effects data
set. The PEL represents the lower limit of the range of contaminant concentrations that are usually or
always associated with adverse biological effects. Contaminant concentrations between the TEL and the

PEL constitute the possible effects range (i.e., adverse biological effects are possible).

Effects range-low (ER-L) and effects range-median (ER-M) values established by Long et al. (1995) are
also shown in Table 3-2. These values are loosely analogous to TELs and PELs, respectively, and are
intended to indicate concentrations below which effects would be rarely observed (ER-L) and below
which effects would occasionally occur (ER-M). Above the ER-M, effects would be probable, or they

“would frequently occur” (Long et al., 1995).

The distinctions between TELs and PELs, and between ER-Ls and ER-Ms are important, because a
guideline conservatively established to ensure that no risk is likely when concentrations are below it, may
not be a reasonable predictor of risk for concentrations that exceed it. Therefore, FDEP recommends

further investigation to determine if sediment contaminants represent significant hazards to aquatic
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organisms when sediment concentrations fall within the possible effects range, (FDEP, 1994). It is

largely for this reason that sediment toxicity tests were undertaken at IR 1 and IR 8.

343 Linear Regression

Linear regression was used to investigate the effects of TOC, silt/clay content, and chemical
concentrations on the toxicity test results. At each IR site, separate regressions were conducted for each
chemical detected, TOC, and silt/clay content versus survival, growth, and reproduction. The critical
value for the correlation coefficient, taken from Rohlf and Sokal (1969) at 10 (n-2) degrees of freedom,
one independent variable, and ¢ = 0.05, was 0.576. Thus, correlation coefficients greater than 0.576

were considered significant.

A value of one-half the detection limit was assigned to non-detected samples in the analyses of chemical
concentrations. However, variable detection limits can create potential problems for analytes with some
detects and some non-detects. Specifically, the variability in detection limits can potentially mask real
trends in detected values. Thus, for analytes in samples where the use of one-half of the detection limit
did not reduce the nondetected value below the lowest actual detected value, two additional approaches

were taken:

(1) A value of zero was assigned to the sample(s) in question for the regression analysis,

(2) The lowest detected value was assigned to the sample(s) in question for the regression analysis.

Analytes and numbers of samples where this was required consisted of the following:

« DDD 5 samples at IR 1
e DDE 1 sample at IR 1, 5 samples (plus 2 reference samples) at IR 8
e DDT 6 samples at IR 1

o Copper 1 sample at IR 8

e Zinc 1 sample at IR 8

3.44 Ecological Assessment

This ecological assessment uses data pertaining to the nature and extent of contamination from the

current and previous investigations, contaminant concentrations in relation to guidelines, previously
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collected tissue bioaccumulation data, and sediment toxicity testing to evaluate the effect of IR 1 and IR
8-related contaminants on the biota inhabiting or dependent upon IR 1 and IR 8. A weight of evidence
approach is used in this assessment, with weighting dependent upon the best use of the data, the

apparent quality of the data, and the nature and magnitude of associated uncertainties.
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1. Test Type Static

2. Temperature 25°C £ 2°C

3. Light quality “Cool White” fluorescent lighting

4. Light intensity Ambient lab lighting (90 + 10 ft-c)

5. Photoperiod 16 hours light, 8 hours darkness

6. Test chamber size 1,000 ml glass beaker

7. Test solution volume 175 ml sediment in 700 ml overlay water

8. Renewal of test solutions 50/50 renewal of overlay water every other day

9. Size of organisms at start Captured between 0.5 and 0.25 mm mesh screens

10. No. replicates per sample 5 (plus one for pore water quality)

11. Overlay water Synthetic Seawater

12. Test duration 28 days

13. Endpoint Survival, growth based on dry weight determination,
reproduction as neonates/female

14. Test acceptability Minimum 80 percent survival in reference sediments

15. Feeding after water change | 30 mgs fish flake suspension day 1-14, then increasing to
60 mgs until test end

AIK-99-0083 3-7
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TABLE 3-2
ECOLOGICAL SCREENING VALUES FOR SEDIMENT
NAS KEY WEST
EPA
Chemical Region 4’ ER-L? ER-M® TEL* PEL® Other
METALS AND INORGANIC COMPOUNDS (mg/kg)
Aluminum NA NA NA NA NA
Arsenic 7.24 8.2 70 7.24 41.6
Barium NA NA NA NA NA 20 - 60°
Chromium 52.3 81 370 52.3 160
Cobalt NA NA NA NA NA 50
Copper 18.7 34 270 18.7 108
Iron NA NA NA NA NA 17,000 — 25,000°
20,000°
Lead 30.2 46.7 218 302 [112
Manganese NA NA NA NA NA 460°
300 - 500°
Nickel 15.9 20.9 51.6 15.9 42.8
Vanadium NA NA NA NA NA
Zinc 124 150 410 124 271
PESTICIDES/PCBs (ug/kg)
Aroclor-1260 21.6° 22.7° 180° 21.6° 189°
4,4'-DDD 1.22 NA NA 1.22 7.81
4,4'-DDE 2.07 2.2 27 2.07 374
4,4-DDT 1.19 1.58"° 46.1"° 1.19 477

NA Ecological screening value not available

2 OCoOoO~NOOOA~WN-=-

AIK-99-0083

Ecological Screening Value (EPA, 1995)
ER-L - Effects Range Low (Long et al., 1995)
ER-M - Effects Range Medium (Long et al., 1995)
TEL - Threshold Effects Level (FDEP, 1994)
PEL - Probable Effects Level (FDEP, 1994)
EPA Region 5 guideline indicating moderate pollution (Giesy and Hoeke, 1990)
Open water disposal guideline, Ontario Ministry of Environment (Giesy and Hoeke, 1990)
Ontario Ministry of Environment lowest effect level (Jones et al ,1997)
Value is for total PCBs; screening value not available for individual Aroclor mixtures

0 Value is for total DDT; screening value not available for 4,4’-DDT
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4.0 RESULTS

4.1 FIELD MEASUREMENTS OF WATER QUALITY

Field measurements of water quality parameters (pH, turbidity, conductivity, salinity, dissolved oxygen,
and water temperature) are shown in Table 4-1. Because the 10 sampling stations were in relatively
close proximity to each other at each IR site, water quality parameters were not measured at all sampling
stations. Instead, water quality parameters were measured at three IR 1 stations, two IR 8 stations, and

at each reference site.

The parameters shown in Table 4-1 are similar to values measured during previous sampling events at
the same sites. In addition, the data are within the range of expected values for marine surface water in

the Florida Keys.
4.2 SEDIMENT CHEMISTRY

Sediment chemistry data for the October sampling event are presented in Tables 4-2 and 4-3 for IR 1 and
IR 8, respectively. Tables 4-4 and 4-5 summarize the data for analytes detected at IR 1 and IR 8,
respectively. Complete data packages from the analytical laboratory and data validation results are

contained in Appendix B.

Twelve metals, one PCB compound (Aroclor-1260) and three pesticides were detected in samples from
IR 1. The pesticides consisted of 4,4’-DDD, 4,4’-DDE, and 4,4’-DDT (hereafter referred to as DDD, DDE,
and DDT, or collectively as DDTR). Twelve metals and two pesticides (DDD and DDE) were detected in
samples from IR 8. The same metals were detected at IR 8 as at IR 1. Aluminum, barium, chromium,
copper, iron, lead, manganese, vanadium, and zinc were frequently detected at both sites, while nickel
and cobalt were infrequently detected at both sites. Arsenic was detected in only two samples at IR 1
and in seven IR 8 samples. Pesticides and PCBs were not detected at either reference site, nor were
cobalt and nickel. Concentrations of other metals were usually less at both reference sites than at the IR

sites.

Sample IR 1-4 was responsible for the maximum concentration of seven of the 12 analytes detected at
IR 1. The concentration of Aroclor-1260 in this sample was especially high (8,920 n.g/kg), as was DDE
(119 pg/kg). DDE concentrations exceeded the ER-M and TEL (but not the PEL) in samples IR1-3 and
IR1-4. The Aroclor-1260 concentration exceeded both the ER-M and PEL concentrations in samples
IR1-1, IR1-2, IR1-3, and IR 1-4. Matrix interferences and subsequent dilution factors resulted in less than

optimal detection limits for pesticides and/or PCBs in these same four samples.
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4.3 SEDIMENT GRAIN SIZE DISTRIBUTION AND TOTAL ORGANIC CARBON

The grain size composition of sediment samples collected in October 1998 are presented in Table 4-6.
Gravel was absent from 8 of 10 samples from IR 1. Gravel was present in all samples from IR 8, but
generally comprised only about 1 to 5 percent of individual samples. All samples at both sites were
composed of at least 91 percent sand. The silt/clay content ranged from 0.2 to 7.7 percent in IR 1
samples, and from 0.6 to 3.1 percent at IR 8. Grain size distribution in reference samples were similar to
the IR sites, except that the gravel content at BG 4 (9.6 percent) was slightly greater, and the sand
content (88.8 percent) was slightly less than most IR samples. Percent solids ranged from 45.2 to
74.0 percent at IR 1, and from 37.7 to 74.6 percent at IR 8. Percent solids in both reference samples

were within these ranges.

Sediment total organic carbon (TOC) in October 1998 samples ranged from 0.4 to 10.4 percent at IR 1,
with a mean value of 4.2 percent. TOC at IR 8 in October 1988 samples ranged from 0.3 to 9.5 percent,

with a mean value of 2.9 percent. TOC was 0.74 and 0.82 percent at BG 4 and BG 8, respectively.

Grain size composition and TOC content of sediment samples collected in May 1998 are presented in
Table 4-7 for comparison to values in October 1998. Values for TOC and percent solids were similar in
May to those in October. However, the percent sand was usually less in May than in October, and the

percent silt/clay was usually greater in May than in October.

4.4 SEDIMENT TOXICITY TESTS

441 Test Conditions

Pore water ammonia levels in all samples were less than 36 mg/L at test initiation and less than 7 mg/L at
test termination. The maximum permissible level of pore water ammonia is 60 mg/L. Overlay waters
salinity was 20 ppt for the duration of the tests. Dissolved oxygen levels were >4 mg/L throughout the
tests. Temperatures remained within the range of 25 £ 2°C and pH values were within the acceptable
range of 7.0 to 9.0 units. No predatory organisms were observed at test initiation or in the preserved and

stained sediments during the neonate recovery process.

On day 27 of the toxicity tests, the tubing supplying aeration manifolds for samples IR 1-8 and IR 1-9
split. As a result, those two samples lost aeration during the night. The following morning when the
problem was discovered, the dissolved oxygen was found to be unacceptably low (less than 4.0 mg/l). A
few dead organisms were observed. The containers were immediately re-aerated until the end of the test

on the
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following day. At test termination 100 percent mortality was found in both samples, but since it was
impossible to determine how many organisms had died prior to the aeration failure, the two samples were
retested, along with the two reference samples (BG 4 and BG 8). These tests were initiated within the

suggested 8-week sediment holding time.

4.4.2 Reference Toxicant Test

A reference toxicant test using cadmium was conducted to assess the sensitivity of the test organisms to
a reference toxicant. The reference toxicant tests yielded a mean LCs of 400 mg/L. The LCsq values for
the reference toxicant indicate that the organisms were of normal sensitivity. Details regarding the

reference toxicant tests are contained in the laboratory report (Appendix B).

443 Amphipod Survival, Growth, and Reproduction

Results of the toxicity tests are summarized in Table 4-8. As a result of the aeration failure discussed in
Section 4.4.1, the data shown in Table 4-8 for samples IR 1-8 and IR 1-9 are from the second round of
tests, while the data for the other 18 IR samples are from the first round of tests. The statistically
significant reductions reported and discussed below refer to comparisons of IR samples versus data from

the concurrently tested reference site BG 4.

44.3.1 IR1

Survival, growth, and reproduction were significantly reduced in IR 1-7 and IR 1-9 (Table 4-8). Survival
was reduced in samples from IR 1-8 (72 percent) and IR 1-10 (69 percent), but the reductions were not
significant. Survival in the remaining six IR 1 samples ranged from 88 to 97 percent. Amphipod growth

was significantly reduced in IR 1-4 and IR 1-10.

4.4.3.2 IR8

There were no significant reductions for any parameter in IR 8 samples. However, survival was less than
normal in samples IR 8-8 (56 percent) and IR 8-9 (79 percent). The T value in the statistical test of
survival for the IR 8-8 sample approached the ¢ = 0.05 level of significance (p = 0.053). Survival in the
remaining eight IR 8 samples ranged from 87 to 96 percent. Reproduction, expressed as the number of
neonates per surviving female, was lower than normal in sample IR 8-9, but the reduction was not
significant. Reproduction was the most variable parameter among sites and among replicates in IR 1 and

IR 8 samples. This is true of most toxicity tests, according to the testing laboratory.

AIK-99-0300 4-3 CTO 0007



Rev. 0
3/12/99

4.4.3.3 BG 4 and BG 8

Survival in the BG 4 sample was 81 percent in both the first and second tests. Survival in the BG 8
sample was 92 percent in the second test but was low (70 percent) in the first test. Survival in two of the
five replicate chambers for BG 8 during the first test was 20 percent and 55 percent, while survival in the

other three replicate chambers was 95, 95, and 85 percent.

Growth was consistent between the first and second tests in both BG samples, with values of 1.65 and
1.52 mg/organism for BG 4, and 1.50 and 1.37 mg/organism for BG 8. Reproduction was 9.0 and 7.35 at

BG 4. Reproduction was more variable at BG 8, with values of 16 (first test) and 8.5 (second test).
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TABLE 4-1
SURFACE WATER QUALITY PARAMETERS DURING
OCTOBER 1998 SAMPLING
NAS KEY WEST
Dissolved
Turbidity Temperature | Conductivity Oxygen Salinity
Location pH (NTU) (°C) (mS/cm) (mg/L) (%)

IR 1-1 5.91 10 28.9 54.9 7.14 3.65

IR 1-3 6.57 56 30.2 55.8 7.03 3.69

IR 1-5 7.91 10 30.9 54.9 7.94 3.64

IR 8-2 7.96 15 29.7 53.2 6.77 3.51

IR 8-5 7.95 5 29.7 53.4 6.44 3.50

BG4 6.10 10 26.6 50.1 4.59 3.30

BG 8 7.83 15 295 53.2 6.78 3.51
AlIK-99-0083 4-5 CTO 0007



£€800-66-MIV

TABLE 4-2

ANALYTICAL RESULT FOR SEDIMENT IR-1
NAS KEY WEST

o

/000 01D

PAGE 1 OF 2
Sample ID: BG-4 BG-8 IR1-1 IR1-2 IR1-3 IR1-4 IR1-5 IR1-6 IR1-7 IR1-8 IR1-9% IR1-10

PESTICIDES/PCBs (ug/kg)

4,4'-DDD 58 U 5 u| 15 U 75 J 90 U | 190 u| 30 u 3.7 J 41 J 6 u 53 U| 12 u
4,4'-DDE 58 U 5 U 93 J 96 J 57 J | 119 J 30 u 6 18 6 u 365 J 74 J
4,4'-DDT 58 U 5 u| 37 u| 30 U | 180 U | 380 u| 30 u 42 J 24 6 u 53 U| 12 u
Aldrin 29 U 25 U 74 U 6 U| 45 Uu| 9% u| 15 u 28 U 26 U 3 u 265 U 6 u
alpha-BHC 29 U 25 U 74 U 6 U| 45 Uu| 9% u| 15 u 28 U 26 U 3 u 265 U 6 u
alpha-chlordane 58 U 5 u| 15 uj| 12 uj| 90 U | 190 u| 30 u 57 U 51 U 6 u 53 U| 12 u
Aroclor-1016 58 Uu| 50 U | 150 U | 120 U | 900 U [1900 Uu| 60 u| 57 u| 51 Uu| 60 Uu| 53 U| 59 u
Aroclor-1221 58 u| 50 U | 150 U | 120 U | 900 U |1900 Uu| 60 u| 57 u| 51 Uu| 60 U| 53 Uu| 59 u
Aroclor-1232 58 Uu| 50 U | 150 U | 120 U | 900 U |1900 Uu| 60 u| 57 u| 51 Uu| 60 U| 53 Uu| 59 u
Aroclor-1242 58 Uu| 50 U | 150 U | 120 U | 900 U |1900 u| 60 u| 57 u| 51 Uu| 60 U| 53 Uu| 59 u
Aroclor-1248 58 U| 50 U | 150 U | 120 U | 900 U |1900 Uu| 60 u| 57 u| 51 Uu| 60 U| 53 U| 59 u
Aroclor-1254 58 Uu| 50 U | 150 U | 120 U | 900 U 1900 Uu| 60 u| 57 u| 51 Uu| 60 U| 53 U| 59 u
Aroclor-1260 58 U| 50 U | 516 844 3750 8920 62 57 u| 51 Uu| 60 U| 53 U| 59 u
beta-BHC 58 U 5 u| 15 uj| 12 uj| 90 U | 190 u| 30 u 57 U 51 U 6 u 53 U| 12 u
delta-BHC 29 U 25 U 74 U 6 U| 45 Uu| 9 u| 15 u 28 U 26 U 3 u 265 U 6 u
Dieldrin 58 U 5 u| 15 uj| 12 u| 90 U | 190 u| 30 u 57 U 51 U 6 u 53 U| 12 u
Endosulfan | 29 U 25 U 74 U 6 U| 45 Uu| 94 u| 15 u 28 U 26 U 3 u 265 U 6 u
Endosulfan Il 58 U 5 u| 15 uj| 12 uj| 90 U | 190 u| 30 u 57 U 51 U 6 u 53 U| 12 u
Endosulfan sulfate 58 U 5 u| 15 u| 12 u| 90 U | 190 u| 30 u 57 U 51 U 6 u 53 U| 12 u
Endrin 58 U 5 u| 15 uj| 12 u| 90 U | 190 u| 30 u 57 U 51 U 6 u 53 U| 12 u
Endrin aldehyde 58 U 5 u| 37 u| 30 U | 180 U | 380 u| 30 u 57 U 51 U 6 u 53 U| 12 u
Endrin ketone 58 U 5 u| 15 uj| 12 u| 90 U | 190 u| 30 u 57 U 51 U 6 u 53 U| 12 u
gamma-BHC (lindane) 29 U 25 U 74 U 6 U| 45 Uu| 9 u| 15 u 28 U 26 U 3 u 265 U 6 u
gamma-chlordane 58 U 5 u| 15 uj| 12 uj| 90 U | 190 u| 30 u 57 U 51 U 6 u 53 U| 12 u
Heptachlor 29 U 25 U 74 U 6 U| 45 Uu| 94 u| 15 u 28 U 26 U 3 u 265 U u
Heptachlor epoxide 29 U 25 U 74 U 6 Ul 45 u 94 U 15 U 28 U 26 U 3 U 265 U U
Methoxychlor 29 Uu| 25 u| 74 Uu| 60 U | 450 U | 940 U | 150 u| 28 Uu| 26 u| 30 Uu| 265 U| 60 u
Toxaphene 290 U | 250 U | 740 U | 600 U |4500 U 9400 U |1500 U | 280 U | 260 U | 300 U | 265 U | 600 u
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TABLE 4-2

ANALYTICAL RESULT FOR SEDIMENT IR-1
NAS KEY WEST
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Sample ID: BG-4 BG-8 IR1-1 IR1-2 IR1-3 IR1-4 IR1-5 IR1-6 IR1-7 IR1-8 IR1-9" IR1-10
INORGANICS (mg/kg)
Aluminum 402 213 587 390 616 615 689 297 275 481 102.5 143 U
Antimony 066 U| 057 U| 083 U| 068 U| 051 U| 054 U| 068 U| 065 U| 058 U| 068 U| 06 U| 067 U
Arsenic 33 18 U| 48 U| 3 U| 741 49 36 U| 28 U| 21 U| 31 U| 22 U| 31 U
Barium 9 37.4 172 13.6 15 148 15 9.6 1.9 111 10.15 16
Beryllium 036 U| 039 U| 063 U| 054 U| 045 U| 049 U| 06 U| 043 U| 054 U| 059 U| 0555U| 064 U
Cadmium 022 U| 008 U| 036 U| 014 U| 007 U| 029 U| 024 U| 009 U| 008 U| 02 U| 0105U| 009 U
Chromium 44 35 U] 113 56 U| 66 1.3 739 47 U] 69 474 345 U| 37 U
Cobalt 018 U| 0411 U| 0417 U| 021 U| 16 11 U] 019 U| o016 U| 019 U| 013 U| 015 U| 013 U
Copper 3  U| 78 624 37.1 109 98.7 234 253 152 6.8 16.4 12.9
Iron 431 400 1780 1510 13600 14300 875 1470 1030 662 5125 456
Lead 2.7 8.9 494 33.8 54.6 852 19 249 224 8.8 14.45 15.2
Manganese 57 5 278 225 65.9 736 16.9 12.5 14.4 13 85 9.7
Mercury 007 U| 006 U| 009 U| 007 U| 006 U| 006 U| 008 U| 007 U| 006 U| 007 U| 0065U| 007 U
Nickel 1 U[ 072 U| 29 U| 29 U| 56 9.6 13 U| 13 U| 13 U| 17 U] 088 U| 097 U
Selenium 094 U| 13 U| 21 U| 12 U| o085 U| o054 U| 13 U| 13 U| 14 U| 16 U| 145 U| 16 U
Silver 031 U| 027 U| 039 U| 031 U| 024 U| 03 U| 032 U| 03 U| 027 U| 031 U| 02750| 031 U
Thallium 067 U| 058 U| 085 U| 069 U| 052 U| 055 U| 07 U| 066 U| 059 U| 069 U| 061 U| 069 U
Vanadium 26 24 45 33 438 7.3 3 3.1 2.3 29 17 U] 18 U
Zinc 95 U| 92 133 61.8 84.6 190 80 65 104 52.4 30.15 21

1. Average value of sample and duplicate sample.

/000 01D

U - value is a non-detected result reported by the laboratory.
J - value is considered estimated due to the exceedance of technical quality control criteria or because result is less than the Contract Required Quantitiation Limit (CRQL).
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TABLE 4-3

ANALYTICAL RESULTS FOR SEDIMENT IR-8

NAS KEY WEST

PAGE 1 OF 2
Sample ID BG-4 BG-8 IR8-1 IR8-2 IR8-3 IR8-4"" IR8-5 IR8-6 IR8-7 IR8-8 IR8-9 IR8-10

PESTICIDES/PCBs (ug/kg)

4,4'-DDD 58 U 5 u 59 U 7 u 66 U 46 U 77 U 44 J 58 U 75 U 88 U 61 U
4,4'-DDE 58 U 5 u 59 U 7 u 5 J 2,525 J 52 J 9.8 36 J 75 U 88 U 61 U
4,4-DDT 58 U 5 u 59 U 7 u 66 U 46 U 77 U 64 U 58 U 75 U 88 U 61 U
Aldrin 29 U 25 U 3 U 35 U 33 U 225 U 38 U 32 U 29 U 38 U 44 U 3 u
alpha-BHC 29 U 25 U 3 U 35 U 33 U 225 U 38 U 32 U 29 U 38 U 44 U 3 u
alpha-chlordane 58 U 5 u 59 U 7 u 66 U 46 U 77 U 64 U 58 U 75 U 88 U 61 U
Aroclor-1016 58 U| 50 Uu| 59 u| 67 Uu| 66 U| 46 u| 77 U| 64 Uu| 58 u| 75 Uu| 88 u| 61 u
Aroclor-1221 58 Uu| 50 Ul 59 u| 67 U| 66 U| 46 u| 77 Uu| 64 U| 58 u| 75 Uu| 88 u| 61 u
Aroclor-1232 58 U| 50 Uu| 59 u| 67 U| 66 U| 46 u| 77 U| 64 Uu| 58 u| 75 Uu| 88 u| 61 u
Aroclor-1242 58 U| 50 U| 59 u| 67 Uu| 66 U| 46 u| 77 Uu| 64 Uu| 58 u| 75 Uu| 88 u| 61 u
Aroclor-1248 58 U| 50 Uu| 59 u| 67 Uu| 66 U| 46 u| 77 Uu| 64 Uu| 58 u| 75 Uu| 88 u| 61 u
Aroclor-1254 58 Uu| 50 Ul 59 u| 67 U| 66 U| 46 u| 77 Uu| 64 Uu| 58 u| 75 Uu| 88 u| 61 u
Aroclor-1260 58 U| 50 Uu| 59 u| 67 U| 66 U| 46 u| 77 Uu| 64 Uu| 58 u| 75 Uu| 88 u| 61 u
beta-BHC 58 U 5 u 59 U 7 u 66 U 46 U 77 U 64 U 58 U 75 U 88 U 61 U
delta-BHC 29 U 25 U 3 U 35 U 33 U 225 U 38 U 32 U 29 U 38 U 44 U 3 u
Dieldrin 58 U 5 u 59 U 7 u 66 U 46 U 77 U 64 U 58 U 75 U 88 U 61 U
Endosulfan | 29 U 25 U 3 U 35 U 33 U 225 U 38 U 32 U 29 U 38 U 44 U 3 u
Endosulfan Il 58 U 5 u 59 U 7 u 66 U 46 U 77 U 64 U 58 U 75 U 88 U 61 U
Endosulfan sulfate 58 U 5 U 59 U 7 u 66 U 46 U 77 U 64 U 58 U 75 U 88 U 6.1 U
Endrin 58 U 5 u 59 U 7 u 66 U 46 U 77 U 64 U 58 U 75 U 88 U 61 U
Endrin aldehyde 58 U 5 u 59 U 7 u 66 U 46 U 77 U 64 U 58 U 75 U 88 U 61 U
Endrin ketone 58 U 5 u 59 U 7 u 66 U 46 U 77 U 64 U 58 U 75 U 88 U 61 U
gamma-BHC (lindane) 29 U 25 U 3 U 35 U 33 U 225 U 38 U 32 U 29 U 38 U 44 U 3 u
gamma-chlordane 58 U 5 u 59 U 7 u 66 U 46 U 77 U 64 U 58 U 75 U 88 U 61 U
Heptachlor 29 U 25 U 3 U 35 U 33 U 225 U 38 U 32 U 29 U 38 U 44 U 3 u
Heptachlor epoxide 29 U 25 U 3 U 35 U 33 U 225 U 38 U 32 U 29 U 38 U 44 U 3 u
Methoxychlor 29 Uu| 25 Uu| 30 Uu| 35 Uu| 33 Uu| 225 U| 38 Uu| 32 Uu| 29 Uu| 38 U| 44 u| 30 U
Toxaphene 290 U | 250 U | 300 U | 350 U | 330 U | 225 U | 380 U | 320 U | 290 U | 380 U | 440 U | 300 U
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TABLE 4-3

ANALYTICAL RESULTS FOR SEDIMENT IR-8
NAS KEY WEST

6-v

PAGE 2 OF 2

Sample ID BG4 BG-8 IR8-1 IR8-2 IR8-3 IR8-4" IR8-5 IR8-6 IR8-7 IR8-8 IR8-9 IR8-10
INORGANICS (mg/kg)
Aluminum 402 213 532 269 851 3065 3970 409 298 478 390 756
Antimony 0.66 U 057 U 0.67 U 079 U 0.75 U 052 U 0.87 U 0.73 U 0.66 U 085 U 1 U 0.69
Arsenic 3.3 18 U 4.8 1.7 U 8.5 25.85 13.3 46 U 4 u 7.5 7.6 5.8
Barium 9 374 11.5 5.3 15.7 12.2 28 13 12.7 19.9 15.6 32.6
Beryllium 0.36 U 039 U 059 U 0.64 U 0.67 U 0.395 U 0.78 U 069 U 0.63 U 081 U 0.86 U 0.52
Cadmium 022 U 0.08 U 03 U 011 U 01 U 0.37 U 035 U 01 U 012 U 011 U 013 U 0.16
Chromium 4.4 35 U| 183 26 U 10.3 18.4 78.5 48 U 36 U 59 U 39 U 5.3
Cobalt 0.18 U 011 U 013 U 0.15 U 049 U 2.8 1.3 U 0.17 U 012 U 024 U 019 U 0.37
Copper 3 U 7.8 10.3 2.5 14.6 38.85 434 5.9 8 11 5.8 12
Iron 431 400 1260 409 7250 52750 14200 1030 628 1060 838 1220
Lead 27 8.9 27.9 3.6 39.7 145.75 93.7 19.2 23.7 30.2 14 21.7
Manganese 5.7 5 9.5 4.7 30.3 173.5 63.1 8.7 5.2 8.5 6 9.2
Mercury 0.07 U 0.06 U 0.07 U 0.09 U 0.08 U 0.06 U 01 U 0.08 U 0.07 U 0.09 U 011 U 0.08 U
Nickel 1 u 072 U 17 U 0.87 U 6.1 15.25 114 22 U 22 U 22 U 14 U 24 U
Selenium 094 U 13 U 14 U 13 U 13 U 032 U 14 U 15 U 12 U 19 U 15 U 23 U
Silver 031 U 027 U 031 U 19 U 035 U 024 U 04 U 034 U 031 U 039 U 046 U 032 U
Thallium 067 U 058 U 0.68 U 081 U 077 U 053 U 0.89 U 075 U 0.67 U 0.87 U 1 U 071 U
Vanadium 2.6 24 4.9 25 U 9.8 16.55 12.3 54 3.6 6.5 4.9 71
Zinc 95 U 9.2 36.2 11.7 81.2 188 259 30.2 28.8 313 22.8 335 U

/000 01D

1. Average value of sample and duplicate sample.
U - value is a non-detected result reported by the laboratory.
J - value is considered estimated due to the exceedance of technical quality control criteria or because result is less than the Contract Required Quantitiation Limit (CRQL).
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TABLE 4-4
SUMMARY OF SEDIMENT ANALYTES DETECTED AT IR 1 AND REFERENCE SITES,
OCTOBER 1998
NAS KEY WEST
Reference Sites IR-1
Location of
Frequency of Range of Range of Maximum Average of
Chemical BG-4 BG-8 Detection Nondetects Detections |Concentration| All Values
METALS AND INORGANIC COMPOUNDS (mg/kg)
Aluminum 402 213 9/10 143 102.5 - 689 IR1-5 225.7
Arsenic 3.3 ND? 2/10 21-48 49-71 IR1-3 3.8
Barium 9 374 10/10 9.6-17.2 IR1-1 12.3
Chromium 44 ND 6/10 35-56 6.6 -113 IR1-1 22.7
Cobalt ND ND 1/10 0.13-1.1 1.6 IR1-3 0.9
Copper ND 7.8 10/10 6.8 -152 IR1-7 54.4
Iron 431 400 10/10 456 -14300 IR1-4 3619.6
Lead 2.7 8.9 10/10 8.8-224 IR1-7 52.9
Manganese 5.7 5 10/10 8.5-73.6 IR1-4 26.5
Nickel ND ND 2/10 09-29 56-9.6 IR1-4 4.2
Vanadium 2.6 24 8/10 1.7-1.8 23-73 IR1-4 24
Zinc ND 9.2 10/10 21-190 IR1-4 82.2
PESTICIDES/PCBs (ug/kg)
Aroclor-1260 ND ND 5/10 51-60 62 - 8920 IR1-4 1423.2
4,4-DDD ND ND 3/10 5.3-190 37-75 IR1-2 5.1
4,4-DDE ND ND 8/10 6.0-30 3.7-119 IR1-4 18.9
4,4-DDT ND ND 2/10 5.3-380 4.2-24 IR1-7 28.3
1 Averages were calculated using one-half the detection limit for non-detected analytes.
2 ND = Not detected at reference site.
AIK-99-0083 4-10 CTO 0007
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TABLE 4-5
SUMMARY OF SEDIMENT ANALYTES DETECTED AT IR 8 AND REFERENCE SITES,
OCTOBER 1998
NAS KEY WEST
Reference Sites IR-8
Location of
Frequency of Range of Range of Maximum Average of
Chemical BG-4 BG-8 Detection Nondetects Detections |Concentration| All Values
Metals and Inorganic Compounds (mg/kg)
Aluminum 402 213 10/10 269 - 3970 IR8-5 1101.8
Arsenic 3.3 ND? 7/10 1.7-4.6 4.8 -25.85 IR8-4 6.1
Barium 9 374 10/10 5.3-32.6 IR8-10 16.7
Chromium 44 ND 5/10 26-59 5.3-785 IR8-5 14.1
Cobalt ND ND 1/10 0.12-1.3 2.8 IR8-4 1.5
Copper ND 7.8 9/10 12 25-434 IR8-5 10.8
Iron 431 400 10/10 409 -52750 IR8-4 8064.5
Lead 2.7 8.9 10/10 3.6-145.8 IR8-4 41.9
Manganese 5.7 5 10/10 4.7-173.5 IR8-4 31.9
Nickel ND ND 3/10 0.87-24 6.1-15.3 IR8-4 5.9
Vanadium 2.6 24 9/10 25 3.6-16.6 IR8-4 46
Zinc ND 9.2 9/10 335 11.7 - 259 IR8-5 46.7
Pesticides/PCBs (ug/kg)
4,4-DDD ND ND 1/10 46-8.38 44 IR8-6 3.9
4,4-DDE ND ND 5/10 59-8.8 25-98 IR8-6 44
1 Averages were calculated using one-half the detection limit for non-detected analytes.
2 ND = Not detected at reference site.
AIK-99-0083 4-11 CTO 0007
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TABLE 4-6

SUMMARY OF SEDIMENT PHYSICAL CHARACTERISTICS

IN SAMPLES COLLECTED OCTOBER 13fi15, 1998
NAS KEY WEST

Particle Size Distribution

Sample TOC Percent | Percent | Percent Percent

Site ID # (percent) Solids Gravel Sand Silt/Clay
IR1 IR1-1 10.4 45.2 0 92.3 7.7
IR1-2 9.42 55.6 0 96.2 3.8
IR1-3 0.69 74.0 2.0 96.9 1.1
IR1-4 0.58 70.4 0 98.4 1.6
IR1-5 0.82 55.5 3.6 96.1 0.3
IR1-6 1.07 58.3 0 94.9 5.1
IR1-7 0.40 65.0 0 94.7 5.3
IR1-8 1.14 55.7 0 93.2 6.8
IR1-9 8.88 64.4 0 99.0 1.0
IR1-9 dup 9.46 61.8 0 99.8 0.2
IR1-10 7.79 56.1 0 98.6 1.4
IR8 |IR8-1 9.50 56.4 1.6 96.9 1.5
IR8-2 1.14 47.6 2.5 95.7 1.8
IR8-3 1.15 50.1 5.2 91.7 3.1
IR8-4 0.56 71.1 3.2 95.9 0.9
IR8-4 dup 0.17 74.6 10.3 89.1 0.6
IR8-5 1.54 43.3 2.3 95.9 1.8
IR8-6 1.31 51.6 4.5 94.1 1.4
IR8-7 0.26 57.3 1.1 96.6 2.3
IR8-8 5.56 44 .4 1.9 95.7 2.4
IR8-9 2.01 37.7 2.7 95.3 2.0
IR8-10 5.71 54.5 0.7 97.8 1.5
BG4' |BG4 0.74 57.2 9.6 88.8 1.6
BG8 [BG8 0.82 66.0 0 96.7 3.3

1 BG 4 and BG 8 are locations from which reference samples were collected.
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TABLE 4-7
SUMMARY OF SEDIMENT PHYSICAL CHARACTERISTICS
IN SAMPLES COLLECTED MAY 12fi14, 1998
NAS KEY WEST
Particle Size Distribution
Sample | Redox TOC Percent %

Site ID # (mV) (percent) solids Gravel | % Sand | % Silt | % Clay
IR 1 IR1-1 159 4.00 51 0.0 79.8 10.4 9.8

IR1-2 111 3.40 70 3.7 87.7 6.2 2.4

IR1-3 122 0.39 82 20.2 75.6 2.8 1.4

IR1-4 120 0.43 64 0.0 96.5 1.8 1.7
IR8 IR8-1 53 1.70 53 7.2 50.0 33.6 9.2

IR8-2 119 3.80 67 18.8 74.4 4.3 2.5

IR8-3 139 1.20 68 13.7 79.4 4.4 25

IR8-4 56 1.50 45 29 47.4 40.7 9.0
BG4’ B4-1 139 1.50 52 0.0 41.8 47.8 10.4

B4-2 N/A 1.60 49 0.0 30.0 59.8 10.2
BG8 B8-1 112 1.90 38 3.3 86.1 6.6 4.0

B8-2 39 1.50 60 0.6 90.1 6.5 2.8

B8-3 108 2.10 67 8.7 87.8 2.1 1.4

1 BG 4 and BG 8 are locations from which reference samples were collected.

AIK-99-0083 4-13 CTO 0007



Rev. 0

3/12/99
TABLE 4-8
SUMMARY OF RESULTS OF
LEPTOCHEIRUS PLUMULOSUS 28-DAY TOXICITY TESTS
NAS KEY WEST
Final Average
Percent Survival Growth Neonates
Sample ID Silt/Clay (percent) (mg/org.) Per Female
BG 4 1.6 81 1.65 9
BG 4 2nd Test 1.6 81 1.52 7.35
BG 8 3.3 70 1.50 16
BG 8 2nd Test 3.3 92 1.37 8.5
IR1-1 7.7 94 2.03 19.6
IR1-2 3.8 97 1.77 15.2
IR1-3 1.1 88 1.57 12.9
IR1-4 1.6 90 1.30* 7.4
IR1-5 0.3 90 1.89 13.1
IR1-6 5.1 92 1.49 14
IR1-7 5.3 53* 0.82* 2.1*
IR1-8 6.8 72 1.77 9.1
IR1-9 0.6 59* 0.75* 0.67*
IR1-10 14 69 1.03* 9.8
IR8-1 1.5 87 1.90 12.7
IR8-2 1.8 80 2.29 13.8
IR8-3 3.1 88 1.98 15.9
IR8-4 0.8 93 1.93 17.7
IR8-5 1.8 96 1.98 225
IR8-6 14 96 2.12 16
IR8-7 2.3 82 2.07 11.9
IR8-8 2.4 56 2.28 9
IR8-9 2.0 77 2.02 6.4
IR8-10 1.5 89 2.33 13.8
Mixed Sediment No Data 87 1.97 11.6
Average of BG 4 and BG 2.45 81 1.51 10.2
8
*Denotes a statistically significant reduction compared to reference sediment BG-4.
AIK-99-0083 4-14 CTO 0007
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5.0 DISCUSSION

5.1 SEDIMENT GRAIN SIZE AND FIELD OBSERVATIONS

The grain size composition of sediment samples collected in October 1998 differed from that in samples
collected in May 1998 (Tables 4-6 and 4-7). Specifically, the percent sand was usually less in May than
in October, and the percent silt/clay was usually greater in May than in October. Although the sample
identification numbers in Table 4-7 are identical to those in Table 4-6, the sample locations are not
identical between the May and October sampling efforts. Nevertheless, the differences between May and

October samples are notable.

The grain size differences are presumed to be at least partially due to slightly different methods for
determining grain size. Grain size in May samples was analyzed by Thompson Engineering, Mobile,
Alabama. In their analyses, gravel consists of the portion of sediment that is retained on a No. 4 sieve;
sand is the portion that passes through a No. 4 sieve but is retained on a No. 200 sieve; and silt/clay is
the portion that passes through a No. 200 sieve. The laboratory then uses a hydrometer to separate silt
(0.074 to 0.005 um) from clay (<0.005 um).

Grain size in October samples was analyzed by Accutest Laboratories, Orlando, Florida. In their
analyses, sand is the portion that passes through a No. 4 sieve but is retained on a No. 230 sieve; and

silt/clay is the portion that passes through a No. 230 sieve. Gravel is defined the same by both labs.

Thus, the greater silt/clay portion measured in the May samples could be due to the slightly larger sieve
size (No. 200) compared to the No. 230 sieve size used for October samples. The difference is probably
of little consequence, except that the selection of Leptocheirus plumulosus as a test organism was based
primarily on the physical characteristics of samples collected in May. According to EPA draft methods for
Leptocheirus plumulosus chronic sediment toxicity tests, the tolerance limits for this organism is
“>5 percent silt/clay”. The silt/clay content in most of the October sediment samples were less than
5 percent silt clay. However, according to Science Applications International (SAIC), which has extensive
experience in the culture and chronic testing of Leptocheirus plumulosus, this organism has exhibited
>90 percent survival in sediments ranging from ~100 percent sand to ~100 percent silt/clay
(SAIC 1993a,b). Furthermore, silt/clay content was not correlated with organism response (Appendix C).
As shown in Table 4-8, many of the highest values for survival, growth, and reproduction were in

samples where the silt/clay content was less than 1.5 percent.
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An alternate hypothesis for the differing grain sizes between May 1998 and October 1998 is that storm
events could have altered the substrate between May and October. The shoreline at IR 1 faces
southward, the direction from which Hurricane Georges struck Key West on September 25, 1998. IR 8 is
better protected, relative to IR 1, from storm-related erosion. It would be reasonable to speculate that this
hurricane resulted in the removal of some silt, clay, and fine sand from areas where these portions of
sediment had previously accrued, especially at IR 1. During the October sampling activities, Tetra Tech
NUS biologists searched (via snorkeling) for signs of storm impacts on the substrate at IR 1 and IR 8; no

impacts were noted. However, such impacts might not be readily apparent.

5.2 IR1

521 Chemistry Data

An examination of the analytical chemistry data from the October 1998 samples collected at IR 1
(Tables 4-2 and 4-4) indicates that concentrations of most metals were unremarkable. Concentrations of
arsenic and nickel were less than the lowest available ESVs shown in Table 3-2. ESVs for aluminum,
barium, cobalt, iron, manganese, and vanadium have not been established by EPA Region 4 or FDEP.
However, concentrations of these metals were either less than other available guidelines shown in
Table 3-2, or were less than or similar to concentrations in BG 4 and BG 8 samples. Chromium
exceeded the lowest ESV only in sample IR 1-1. Concentrations of copper, lead, and zinc (metals
identified as sediment COCs in the previous ecological risk assessment [B&R Environmental, 1998a])
exceeded the lowest ESV in some samples. Copper concentrations exceeded the PEL value in samples
IR 1-3 and IR 1-7, while lead exceeded the PEL in sample IR 1-7. Zinc concentrations exceeded the

lowest ESV only in samples IR 1-1 and IR 1-4; but were less than the PEL in both samples.

All detected concentrations of Aroclor-1260 and DDTR exceeded the lowest ESVs, and some
concentrations exceeded PEL values. Concentrations of these compounds tended to be greatest in
samples IR 1-1, IR 1-2, IR 1-3, IR 14, and IR 1-7. Samples IR 1-1 through IR 1-4 represent the
southwestern portion of the peninsula on which IR 1 is located. This area was also where pesticide and
PCB concentrations were greatest during previous sampling efforts (Appendix D). IR 1-7, where PEL
values for lead, copper, and DDT were exceeded, approximates the location known in previous sampling
efforts as 11SS-5 (Appendix D). Concentrations of lead and DDT exceeded the PEL in a sediment
sample collected in 1996 from 11SS-5 (Appendix D).
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5.2.2 Toxicity Tests

Linear regression indicated that the toxicity test results were not correlated to either TOC or silt/clay
content. Survival was correlated with concentrations of aluminum and vanadium, and growth was
correlated with concentrations of aluminum and chromium (Appendix C). However, these were positive
correlations, i.e., survival and growth increased as the concentrations of these metals increased. These
correlations are not considered to be toxicologically significant.  Survival was correlated with
concentrations of DDT (r = -0.655), while growth (r = -0.515) and reproduction (r = -0.540) approached
the critical value of r = 0.576 for DDT (Figure 5-1) when a value of zero was assigned to samples where
this compound was not detected. However, DDT was detected in only two samples; thus reducing the
value of the regression analyses for this compound. This is evident in Figure 5-1, which indicates that

only one data point (IR 1-7, 24 ,g/kg) was separated from the other 11 data points.

The regression analysis did not test the possibility of cumulative or synergistic effects from a combination
of several chemicals. The possibility that one or more chemicals may be impacting sediments is

discussed below.

5.2.3 Cause and Effects Relationships

Potential cause and effect relationships can often be ascertained by comparing data for chemical
concentrations to toxicity testing endpoints. However, such relationships are not always evident, and
spurious responses in toxicity tests can make the data difficult to interpret. For example, survival, growth,
and reproduction were significantly reduced in sample IR 1-9. However, concentrations of metals were
unremarkable in this sample (none exceeded ecological screening values), and the single detected
organic compound (DDE) in this sample only slightly exceeded the most conservative ESV. Survival was
normal in 2 of 5 replicates for this sample, but growth and reproduction was poor in all five replicates.
While there is a tendency to speculate that the results in this sample were due to laboratory procedures,
the overwhelming majority of replicates in most samples do not support this conclusion. No unusual
visual characteristics or odors were noted upon collection of this sample. The laboratory, however, noted
that this sample had a moderate H,S odor (Appendix B). Sulfides were not analyzed, so the potential
impacts of H2S or other sulfide compounds cannot be determined. H3S is a naturally occurring compound
in some sediments, and can be present even at the shallow (2-3 cm) depth at which these samples were
collected. H>S can be a confounding factor in sediment toxicity tests by producing natural toxicity,

although its effects on toxicity are minimized via continuous aeration.
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The historical samples nearest to the 1998 IR 1-9 location are 11S-3 and 11SS-6, collected in 1990 and
1993, respectively (Figure 3-1). Since the locations shown in Figure 3-1 are approximate, the extent to
which the toxicity tests conducted in 1998 can be related to chemical concentrations measured six to nine
years ago is limited. Nevertheless, an evaluation of historical sediment data in nearby samples can still
be useful to evaluate these relationships. Copper, lead, mercury, bis(2-ethylhexyl)phthalate, DDE, DDT,
and seven PAH compounds were detected in 1990 at concentrations exceeding TEL values in sample
[11S-3 (Appendix D), the historical sample nearest to IR 1-9. DDT was the only compound whose
concentration exceeded its PEL value in the 1990 sample. Copper, lead, zinc, DDE, and DDT were
detected in 1993 at concentrations exceeding TEL values in sample 11SS-6, collected slightly north of IR
1-9. DDT was the only compound whose concentration exceeded its PEL value in 1993. DDT was not
detected in sample IR 1-9, however, and the concentration of DDT’s metabolite DDE in IR 1-9 was
considerably less than in IR 1-3, where the survival, growth, and reproduction of test organisms were
normal. Although concentrations of some metals previously exceeded TEL values in the two samples

collected near IR 1-9, concentrations of all metals were less than their respective ESVs in sample IR 1-9.

It is possible that PAH compounds could have been responsible for the reduced survival, growth, and
reproduction in sample IR 1-9. This sample is unusual in having a low silt/clay content (1.0 percent; 0.2
percent in its duplicate), but a high TOC content (8.9 percent; 9.5 percent in its duplicate) (Table 4-6). A
high organic carbon content in sandy sediments can be the result of PAH compounds. Concentrations of
seven PAH compounds exceeded TEL values in nearby sample 11S-3, collected in 1990. Concentrations
of PAH compounds did not exceed ESVs in the two nearest 1996 samples (I11SS-5 and 11SS-6), and the
most recent ERA concluded that PAH compounds were not COCs (B&R Environmental, 1998a). For this
reason, analyses for PAHs were not conducted in the current study. Thus, the possibility that PAH
compounds were at least partially responsible for the reduced survival, growth, and reproduction in IR 1-9

cannot be ruled out.

A possible explanation for the low chemical concentrations, but low survival, growth, and reproduction in
sample IR 1-9 is that the sample was not adequately mixed. Each sample was a composite of four to five
sub-samples that were homogenized in the field prior to distribution into prepared containers for each
analysis. If sub-samples were collected from “hot spots” of contaminants (such as those potentially
represented by DDT in the nearby historical sample locations 11S-3 and [1SS-6) as well as from relatively
“clean” areas, and were not adequately homogenized, then it would be possible for a relatively “clean”
sub-sample to be sent to the chemical laboratory while a relatively contaminated sub-sample was sent to
the toxicity test laboratory. This is conceivable, but the careful homogenization of sub-samples

conducted by the sampling team would appear to render this an unlikely possibility.
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In summary, an adequate explanation for the contradictory chemistry/toxicity test results in sample IR 1-9
cannot be determined. Possible explanations include sulfides, PAH compounds, inadequate sampling
techniques, laboratory procedures, or unknown factors. However, the results of the chemical analyses
suggest that site-related COCs do not appear to be responsible for the low survival, growth, and

reproduction in this sample.

A similar situation exists for sample IR 1-10, in which growth was significantly reduced and survival was
low relative to the reference sample (but the difference was not significant). Again, concentrations of
metals were unremarkable in this sample, and the single detected organic compound (DDE) in this
sample only slightly exceeded the most conservative ESV. As a result, chemistry results from the sample
collected in 1998 suggest that the low values for survival and growth were not the result of site-related

contaminants present in this sample. Samples were not previously collected from the vicinity of IR 1-10.

Survival in sample IR 1-8 was slightly reduced compared to BG 4, but the difference was not significant.
This sample was one of three in which an H;S odor was noted upon collection. Since growth and
reproduction in this sample exceeded that in BG 4, and since pesticides and PCBs were not detected and
concentrations of metals were less than ESVs, the reduced survival must be assumed to be due to

factors other than site-related contaminants.

Samples collected from the southwestern portion of IR 1 (IR 1-1 through IR 1-4) tended to contain high
concentrations of Aroclor-1260 and DDTR in the current study and in the previous ecological risk
assessment. The concentration of Aroclor-1260 (3,750 pg/kg) was especially high relative to ESVs in
sample IR 1-3. However, survival, growth, and reproduction in IR 1-1, IR 1-2, and IR 1-3 were normal.
Therefore, based on the results of the toxicity tests, potential ecological risks from contaminants at these

three sampling locations appear to be negligible.

Survival was normal but growth was significantly reduced in sample IR 1-4. Measurements of growth
were reduced in all five replicates of this sample. Reproduction was slightly (but not significantly)
reduced, and was within the range of BG 4 values for the first and second test. The concentration of
Aroclor-1260 in this sample was especially high (8,920 pg/kg) as was DDE (119 nug/kg). The
concentration of Aroclor-1260 was 47 times greater than the PEL (the value which represents the lower
limit of the range of total PCB concentrations that are usually or always associated with adverse
biological effects). This sample was collected in the general vicinity of the sample location known in
previous investigations as 11SS-3. Historical concentrations of Aroclor-1260 and DDTR were elevated

(Appendix D), but not as high as in the sample collected for the present study. Concentrations
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of DDTR and Aroclor-1260 in conchs collected from this area in 1996 exceeded concentrations in conchs
collected from reference sites, but were less than published toxicity threshold concentrations for prey
items of piscivorous receptors. (Tissue concentrations considered to be protective of the conchs
themselves were not available). In summary, although the survival of Leptocheirus test organisms was
normal in this sample, growth was significantly reduced, and was low in all five replicates of this sample.
Concentrations of Aroclor-1260 and DDE were elevated. These two compounds, however, do not appear
to have accumulated in tissues of aquatic species, based on samples collected in 1996. The potential
impacts of PCBs and pesticides appear to be minor to Leptocheirus plumulosus, but could be greater to

more sensitive organisms.

The remaining sample with poor performance in toxicity tests was IR 1-7, where survival, growth, and
reproduction were significantly reduced. All five replicates in this sample performed poorly. Chemical
concentrations of DDD and DDE were between the TEL and the PEL in this sample. In addition, this
sample was responsible for the maximum concentrations observed at IR 1 for DDT, copper, and lead, all
three of which exceeded the PEL. Furthermore, this sample is located in close proximity to the sample
location known in previous investigations as [1SS-5, and at which concentrations of lead and DDT
exceeded the PEL in a sediments collected in 1996 (Appendix D). The TOC was low (0.4 percent) in this
sample, and thus effects of organic and inorganic contaminants are less likely to be ameliorated due to
adsorption and complexation. In view of the chemistry data and consistently poor performance among
replicates in the toxicity tests, it is assumed that potential ecological risks due to DDTR, lead, and

possibly copper exist in the vicinity of this sample.

5.3 IR8

5.3.1 Chemistry Data

An examination of the analytical chemistry data from the October 1998 samples collected at IR 8
(Tables 4-3 and 4-5) indicates that DDD and DDE concentrations only slightly exceeded TEL values, and
concentrations of most metals were unremarkable. Concentrations of nickel in all samples were less
than the lowest available ESVs shown in Table 3-2. ESVs for aluminum, barium, cobalt, iron,
manganese, and vanadium have not been established by EPA Region 4 or FDEP. However, with the
exception of iron, concentrations of these metals were either less than other available guidelines shown
in Table 3-2, were less than or similar to concentrations in BG 4 and BG 8 samples, or were less than or
similar to background values at background sites used in earlier ecological investigations (B&R

Environmental, 1998a). Iron concentrations exceeded “other available” guidelines (Table 3-2) only in
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FIGURE 5-1

CORRELATIONS OF AMPHIPOD TOXICITY TEST RESULTS VS. SEDIMENT
DDT CONCENTRATIONS AT IR 1 AND REFERENCE SITES
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Figure 5-1a: Percent survival as a function of sediment concentration of DDT using a value of zero for non-detected
samples.
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Figure 5-1b: Growth as a function of sediment concentration of DDT using a value of zero for non-detected samples.
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Figure 5-1c. Reproduction as a function of sediment concentration of DDT using a value of zero for non-detected
samples.
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6.0 CONCLUSIONS

6.1 IR1

The recent ecological risk assessment conducted at IR 1 (B&R Environmental, 1998a) was based on
data from groundwater, surface soil, sediment, surface water, and aquatic biota collected at the site. That
report concluded that potential ecological risks at IR 1 are primarily confined to risks to benthic organisms
from Aroclor-1260, organochlorine pesticides, copper, lead, and zinc in sediments. Further study was
recommended to better characterize the nature and extent of toxicity in IR 1 sediments. Subsequently,
additional sediment samples were collected and analyzed for chemical analytes and subjected to toxicity
tests to investigate chronic toxicity to benthic organisms. Based on the results of these toxicity tests,
potential ecological risks from site-related contaminants appear to be limited to the vicinity of sample
locations IR 1-7 and IR 1-4.

Survival, growth, and reproduction were low in all five replicates of sample IR 1-7, and the tested
parameters were significantly reduced, relative to reference site BG 4. Chemical concentrations of DDT
and its metabolites, as well as lead and copper were elevated in this sample. Previous investigations found
elevated concentrations of lead and DDT in the vicinity of this sample. In view of the chemistry data and
consistently poor performance among replicates in the toxicity tests, it is assumed that potential

ecological risks due to DDT, lead, and possibly copper exist in the vicinity of IR 1-7.

The slightly reduced growth of Leptocheirus test organisms at IR 1-4 is assumed to be due to the
extremely high concentration of Aroclor-1260 in that sample, possibly combined with the moderately
elevated concentration of DDE. These contaminants, however, do not appear to have accumulated in
tissues of aquatic species, based on samples collected in 1996. The potential impacts of PCBs and
pesticides are minor to Leptocheirus plumulosus, but could be greater to more sensitive organisms.

Overall, however, potential risks from site-related contaminants in sample IR 1-4 appear to be negligible.

6.2 IR8

The recent ecological risk assessment conducted at IR 8 (B&R Environmental, 1998a) was based on
data from groundwater, surface soil, sediment, surface water, and aquatic biota collected at the site. That

report concluded that potential ecological risks at IR 8 are primarily confined to risks to benthic organisms
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from copper, lead, and zinc in sediments. Further study was recommended to better characterize the
nature and extent of toxicity in IR 8 sediments. Subsequently, additional sediment samples were
collected and analyzed for chemical analytes and subjected to toxicity tests to investigate chronic toxicity
to benthic organisms. Based on the results of these toxicity tests, potential ecological risks from site-

related contaminants appear to be negligible.
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APPENDIX A. RESPONSE TO COMMENTS ON THE SEDIMENT TOXICITY REPORT
FOR SITES IR1 AND 8

U. S. ENVIRONMENTAL PROTECTION AGENCY TECHNICAL REVIEW COMMENTS ON THE
SEDIMENT TOXICITY REPORT FOR SITES IR1 AND IR 8, REV. 0
NAVAL AIR STATION, KEY WEST, FLORIDA

GENERAL COMMENTS

Comment 1: Overall, the performance of the toxicity test is in accordance with standard toxicity test
methods. The data provided by the laboratory that performed the toxicity test is well presented and
indicates that appropriate procedures were followed. However, it is not clear from the report text or the
electronic data on the CD whether a clean control sediment sample was utilized in the performance of the
toxicity test. The EPA 1994 Methods for Assessing the Toxicity of Sediment-associated Contaminants
with Estuarine and Marine Amphipods recommends the use of a clean control sediment sample. The

text should clarify whether a clean control sample was used in this test.

Response: Concur. Although not clearly explained in the text of the laboratory’s report, the toxicity tests
did include a clean control sediment sample. The test results from this sample are shown in Table 3.1 of
the laboratory’s report (sample ID = “Mixed Lab”), in Appendix A of the laboratory report (sample ID = 01),
and in Table 4-8 of the Navy’s Sediment Toxicity Report (sample ID = “Mixed Sediment”). The laboratory
study co-director has stated that the sample was obtained from what appeared to be a relatively
uncontaminated area near St. Augustine, Florida (Meyer, 1999). The text will be revised as requested to

clarify the use of the control sample.

Comment 2: The report presentation does not readily lend itself to evaluation of the spatial proximity of
the sediment sampling locations collected for toxicity testing to historical sediment sampling locations. It
would be helpful to provide an additional figure in the report that depicts both the historical sample
locations for chemical analysis and the sediment sampling locations collected for toxicity testing.
Currently, the historical/prior sampling locations are presented in a report appendix on figures that are of
a different spatial scale than the figure that depicts the sediment sampling locations collected for toxicity

testing.

Response: Concur. The idea of incorporating all sample locations into one figure was considered, but
rejected, for the Rev. 0 report because of the inaccuracy inherent in the depicted sampling locations.
Specifically, all locations shown in the figures contained in the report are approximate; i.e., none were

surveyed or generated using GPS equipment. Useful landmarks along the shorelines from which
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accurate and precise locations could be measured are sparse. Furthermore, several of the locations
shown on the figures in Appendix D were sampled by a previous contractor and the accuracy of those
locations is not known. Nevertheless, the Navy concurs that the requested figures would aid in
evaluating the historical analytical results versus the current analytical and toxicity test results.

Therefore, additional figures (one for IR1 and one for IR 8) that depict the previous sampling locations
and the locations from which samples were collected for toxicity tests in the current study will be added to
the report as requested. Appropriate caveats regarding the accuracy of the depicted locations will be
added to the text.

SPECIFIC COMMENTS

Comment 1: Section 4.4.2. The first sentence in this paragraph needs clarification. The water reference
toxicity test is primarily performed to assess the sensitivity of the culture organisms to a toxicant, not to

assess the “health” of the organism as indicated in the report.

Response: Concur. Water-only reference toxicity tests are conducted “...to determine the health and
sensitivity of the organisms, to compare the relative sensitivities of substances by using the control as an
internal standard, to perform interlaboratory calibrations, and to evaluate the reproducibility of test data
with time” (Rand and Petrocelli, 1985). The first sentence in Section 4.4.2 will be revised to state that the
reference toxicity test was conducted to assess the sensitivity of the test organisms to a reference

toxicant.

Comment 2:. Table 4-8. The IR1-7 average growth is reported in Table 4-8 differently than reported in
the electronic data. The electronic data Table 3-1 presents 8.2 mg/Org average growth while Table 4-8 in

the report presents 0.82 mg/Org average growth. Table 4-8 should be corrected.

Response: The value of 8.2 mg/organism for sample IR1-7 is in error in the electronic data set; the
correct value is 0.82 mg/organism as shown in Table 4-8. This can be verified by examining Appendix A
of the laboratory report. Specifically, page 2 of Appendix A, which is the laboratory raw data sheet for lab
sample | (IR1-7), shows the growth data for each of the five replicates; the average of these five values is

0.82 mg/organism.

The electronic version of the laboratory report was generated from a draft report received from the testing
laboratory. The error was discovered and corrected by the laboratory, and the final laboratory report
contains the correct value. However, the electronic data on the CD submitted to the NAS Key West

Partnering Team was inadvertently copied from the draft report. Similarly, the bar graph on page 6 of the
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electronic version of the laboratory report contained a minor error that was subsequently corrected. The
Navy will resubmit the corrected electronic version of the laboratory toxicity report to the Partnering Team

in the Rev. 1 version of the toxicity report.

Comment 3: Section 5.2.3 and Section 6.1. The discussion of the cause and effect relationship for
sample IR1-9 should include the chemical concentrations previously detected in sediment samples as
depicted on Figure 5-10 in Appendix D of the report. The conclusion that site-related COCs are not
responsible for the significantly reduced survival, growth, and reproduction in sample IR1-9 needs to be

better supported in the report.

Response: The discussion regarding IR1-9 will be revised to include previous analytical results. The
previous samples nearest to the 1998 IR1-9 location are 11S-3 (collected in 1990) and 11SS-6 (collected
in 1993). As discussed in the response to general comment # 2, these locations are approximate, and
the degree of accuracy is uncertain. Thus, the extent to which the toxicity tests conducted in 1998 can be
compared to chemical concentrations measured six to nine years ago is limited. A more defendable
approach is to compare the 1998 analytical results to the toxicity test results, since both these samples
were collected from the same composite sample. The Rev. 0 report takes this approach, and also
discusses other possible explanations for the poor toxicity test results. Unfortunately, an adequate
explanation for the poor toxicity test results in sample IR1-9 has not been determined. Nevertheless, the

data will be re-evaluated to identify any additional reasons for the results obtained from sample IR1-9.

Comment 4: Section 7. The reference section of the report does not include the reference for the
chronic sediment toxicity test method for the round robin study revised in 1997. This reference was
provided in full, on the compact disk electronic data, by the laboratory that performed the toxicity tests.
The reference for the chronic sediment toxicity test method for the round robin study revised in 1997

should be provided in section 7 of the report.

Response: Concur. Section 7 of the report (References) will be revised to include the full citation of the

1997 round robin study.
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FLORIDA DEPARTMENT OF ENVIRONMENTAL PROTECTION
TECHNICAL REVIEW COMMENTS ON THE SEDIMENT TOXICITY REPORT
FORSITESIR1 ANDIR 8, REV. 0
NAVAL AIR STATION, KEY WEST, FLORIDA

General Comments

Comment 1: The study design was well thought out and sampling appears to have been carefully and

properly performed.

The report concludes that one site, IR 1-7, presented an environmental risk. | concur with this
conclusion, but examination of the pattern of results contained in the report would lead one to conclude
that the area around IR 1-7 would warrant further consideration. The pattern of contaminant
concentration shows a peak of some contaminants for IR 1-7, with lesser enrichment for those

contaminants in the samples adjacent to IR 1-7 (IR 1-6 and IR 1-8).

As there is no information presently available on the fine-scale variability of the sediment contaminant
distribution, prudence would dictate either more clearly delineating the boundaries of the contaminated

sediments or including the adjacent sites in any cleanup plans.

Response: The data in Table 4-2 of the Sediment Toxicity Report for Sites IR 1 and IR 8 show that
concentrations of all metals in sample IR 1-8 (the sample immediately east of sample IR1-7) were less than
the most conservative ecological screening values (ESVs) presented in Table 3-2 of the report. In addition,
pesticides and PCBs were not detected in this sample. Therefore, the analytical data indicate no

contamination problems for this sample.

Concentrations of analytes in sample IR1-6 (the sample immediately west of sample IR1-7) that exceeded
ESVs consisted of copper, DDT, and the daughter products of DDT (i.e. DDD and DDE). The
concentrations of these four analytes were between the threshold effects level (TEL) and the probable
effects level (PEL) in this sample. However, the survival, growth, and reproduction of test organisms in the
chronic sediment toxicity tests were normal. Thus, the toxicity test results indicate no apparent toxicity in
sample IR 1-6 from these contaminants of potential concern (COPCs). In addition, analyses of tissues from
lobsters, hermit crabs, conchs, and turtle grass collected from the vicinity of IR-1 indicate that
bioaccumulation of these COPCs does not appear to be of concern (see “Supplemental RCRA Facility

Investigation and Remedial Investigation Report for Eight Sites,” 1998).
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The sample locations in question (IR1-6, -7, and -8) were approximately 120 feet apart (See Figure 2-2 in
the toxicity report). With this in mind, the Navy concurs that the extent of contamination centering on
sample IR 1-7 has not been fully delineated. The extent of contamination, however, appears to be limited
to a relatively small area. Based on evidence to date (especially the relatively small area of

contamination in the vicinity of sample IR-7) the Navy believes that long term monitoring of this site is the

most prudent course of action.

AIK-99-0300 A-5 CTO 0007



APPENDIX B
ELECTRONIC DATA



Rev. 1
8/30/99

APPENDIX B. ELECTRONIC DATA

There are seven files of electronic data included on the compact disk (CD) included with Revision 1 of
this document. The first file is entitled “28-Day Toxicity Tests”. This is a copy of the final report received
from Hydrosphere Research, Inc., describing the sediment toxicity tests that were conducted on samples
collected from IR1, IR8, and reference sites. The remaining six files contain the analytical results from

sediment samples collected for this study. Viewing these files requires Pagis Viewer®©.

Pagis Viewer®© is freely available to anyone who would like to view documents scanned with any version
of Pagis software. With Pagis Viewer®©, you do not need to own a copy of Pagis Pro© or ScanWorks®© to
access scanned documents captured in XIF format. Pagis Viewer has been included on the compact
disk (CD) for your convenience. To view files with Pagis Viewer© you can either open the viewer
software from the CD or copy the software to your hard drive. To view using the software off the CD
open the folder “Pagis Viewer” located on the CD ROM. Double click the file “XifLite.exe”, this will open
Pagis Viewer®©. Choose File Open. Click on one of the XIF files. This will open the document up for
viewing. If you prefer to copy Pagis Viewer© to your hard drive, open the folder titled Pagis Viewer.

Double click on the file Viewer.exe. This will load Pagis Viewer® to the Program folder on your C drive.

Once you have opened the file XifLite.exe for the first time you should then be able to open any of the

documents with the XIF extension by double clicking on the document.

Disclaimer

Note: The computer files on this CD are not guaranteed for accuracy. Computer files are subject to
modifications or alternations that are beyond the control of the sender. This CD was scanned with Norton
Anti Virus for Windows 95, Version 2.01 (© 1990-1996 Symatec) on August 25, 1999. No viruses were
detected on that date.

The Navy has used these freely available products for the convenience of distributing NAS Key West
analytical data results and related information to the public. The use of these products does not

constitute an endorsement by the Navy or Tetra Tech NUS.

Pagis Viewer© is a copywritten program of Scan Soft, Inc.
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APPENDIX C. REGRESSION ANALYSIS

As discussed in Section 3.4.3, linear regression was used to investigate the effects of total organic
carbon content (TOC), silt/clay content, and chemical concentrations versus the toxicity test results. The
results of these regressions are contained in this appendix as Table C-1 (IR 1 and reference sites) and C-
2 (IR 8 and reference sites). The tables show the value for each parameter (chemical concentration,
silt/clay content, and TOC) and the corresponding sample location and toxicity test result for survival,
growth, and reproduction. The values for chemical concentrations, silt/clay contents, and TOC have been

sorted in ascending order to assist the reader in observing potential trends in the toxicity test data.

Correlation coefficients for each combination of chemical, TOC, and silt/clay versus survival, growth, and
reproduction are included in the tables. The critical value for the correlation coefficient, at 10 (n-2)
degrees of freedom, one independent variable, and ¢ = 0.05, was 0.576. Thus, correlation coefficients

greater than 0.576 or less than — 0.576 are considered to be statistically significant.

A value of one-half the detection limit was assigned to non-detected samples for the regression analyses
of chemical concentrations. However, variable detection limits in non-detected samples can potentially
mask real trends in detected values. Thus, for analytes in samples where the use of one-half of the
detection limit did not reduce the nondetected value below the lowest actual detected value, two

additional approaches were taken:

(1) A value of zero was assigned to the sample(s) in question for the regression analysis,

(2) The lowest detected value was assigned to the sample(s) in question for the regression analysis.

Analytes and numbers of samples where this was required consisted of the following:

o DDD 5 samples at IR 1
o DDE 1 sample at IR 1, 5 samples (plus 2 reference samples) at IR 8
o DDT 6 samples at IR 1

o Copper 1 sample at IR 8
e Zinc 1sample atIR 8

Bold lines in Tables C-1 and C-2 separate the three approaches described above for assigning values to

non-detected samples of DDD, DDE, and DDT. The three approaches had no impact on the regressions

of copper and zinc concentrations and are not shown in Table C-2.
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APPENDIX C-1. REGRESSION ANALYSIS IR 1

e Chemical Concentration vs. Toxicity Test Results
e Percent Silt/Clay Vs Toxicity Test Results

e TOC Vs Toxicity Test Results
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TABLE C~1

REGRESSION ANALYSIS -IR 1

PAGE 1 of 10
Growth-mg/ Neonates/

Sample Parameter Concentration | Survival-% | Correlation | org (10X) | Correlation | female | Correlation
BG8-SD-4 |(4,4'-DDD 2.5 81 0.32112157 14.4 -0.01326632| 12.2 -0.0455695
IR1-9-AVG |4,4'-DDD 2.65 59 7.5 0.67
BG4-SD-3 |4,4'-DDD 2.9 81 15.8 8.18
IR1-8 4,4'-DDD 3 72 17.7 9.1
IR1-6 4,4'-DDD 3.7 92 14.9 14
IR1-7 4,4'-DDD 4.1 53 8.2 2.1
IR1-10 4,4'-DDD 6' 69 10.3 9.8
IR1-1 4,4'-DDD 7.5 94 20.3 19.6
IR1-2 4,4'-DDD 7.5 97 17.7 15.2
IR1-5 4,4'-DDD 15" 90 18.9 13.1
IR1-3 4,4'-DDD 45 88 15.7 12.9
IR1-4 4,4'-DDD 95' 90 13 7.4
IR1-1 4,4'-DDD 0° 94 -0.07167898| 20.3 -0.06336523| 19.6 -0.1100732
IR1-3 4,4'-DDD 0° 88 15.7 12.9
IR1-4 4,4'-DDD 0° 90 13 7.4
IR1-5 4,4'-DDD 0° 90 18.9 13.1
IR1-10 4,4'-DDD 0° 69 10.3 9.8
BG8-SD-4 (4,4'-DDD 2.5 81 14.4 12.2
IR1-9-AVG |4,4'-DDD 2.65 59 7.5 0.67
BG4-SD-3 |4,4-DDD 2.9 81 15.8 8.18
IR1-8 4,4'-DDD 3 72 17.7 9.1
IR1-6 4,4'-DDD 3.7 92 14.9 14
IR1-7 4,4'-DDD 4.1 53 8.2 2.1
IR1-2 4,4'-DDD 7.5 97 17.7 15.2
BG8-SD-4 |4,4-DDD 2.5 81 0.39116713 14.4 0.2374981 12.2 0.3376476
IR1-9-AVG |4,4'-DDD 2.65 59 7.5 0.67
BG4-SD-3 |4,4-DDD 2.9 81 15.8 8.18
IR1-8 4,4'-DDD 3 72 17.7 9.1
IR1-1 4,4'-DDD 3.7° 94 20.3 19.6
IR1-3 4,4'-DDD 3.7° 88 15.7 12.9
IR1-4 4,4'-DDD 3.7° 90 13 7.4
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TABLE C-1

REGRESSION ANALYSIS - IR 1

PAGE 2 of 10
Growth-mg/ Neonates/

Sample Parameter Concentration | Survival-% | Correlation | org (10X) [ Correlation | female | Correlation
IR1-5 4,4'-DDD 3.7° 90 18.9 13.1
IR1-6 4,4'-DDD 3.7 92 14.9 14
IR1-10 4,4'-DDD 3.7° 69 10.3 9.8
IR1-7 4,4'-DDD 4.1 53 8.2 2.1
IR1-2 4,4'-DDD 7.5 97 17.7 15.2
BG8-SD-4 |4,4'-DDE 2.5 81 0.25468491 14 .4 -0.07910395| 12.2 -0.100994
BG4-SD-3 |4,4'-DDE 29 81 15.8 8.18
IR1-8 4,4'-DDE 3 72 17.7 9.1
IR1-9-AVG |4,4'-DDE 3.65 59 7.5 0.67
IR1-6 4,4'-DDE 6 92 14.9 14
IR1-10 4,4'-DDE 7.4 69 10.3 9.8
IR1-1 4,4'-DDE 9.3 94 20.3 19.6
IR1-2 4,4'-DDE 9.6 97 17.7 15.2
IR1-5 4,4'-DDE 15’ 90 18.9 13.1
IR1-7 4,4'-DDE 18 53 8.2 2.1
IR1-3 4,4'-DDE 57 88 15.7 12.9
IR1-4 4,4'-DDE 119 90 13 7.4
IR1-5 4,4'-DDE 0° 90 0.22486767 18.9 -0.1196455 13.1 -0.1195608
BG8-SD-4 |4,4'-DDE 2.5 81 14.4 12.2
BG4-SD-3 |4,4'-DDE 2.9 81 15.8 8.18
IR1-8 4,4'-DDE 3 72 17.7 9.1
IR1-9-AVG |4,4'-DDE 3.65 59 7.5 0.67
IR1-6 4,4'-DDE 6 92 14.9 14
IR1-10 4,4'-DDE 7.4 69 10.3 9.8
IR1-1 4,4'-DDE 9.3 94 20.3 19.6
IR1-2 4,4'-DDE 9.6 97 17.7 15.2
IR1-7 4,4'-DDE 18 53 8.2 2.1
IR1-3 4,4'-DDE 57 88 15.7 12.9
IR1-4 4,4'-DDE 119 90 13 7.4
BG8-SD-4 |4,4'-DDE 25 81 0.23247332 14.4 -0.1099141 12.2 -0.115197
BG4-SD-3 |4,4'-DDE 2.9 81 15.8 8.18
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TABLE C-1

REGRESSION ANALYSIS -IR 1

PAGE 3 of 10
Growth-mg/ Neonates/

Sample Parameter Concentration | Survival-% | Correlation | org (10X) | Correlation | female | Correlation
IR1-8 4,4'-DDE 3 72 17.7 9.1
IR1-9-AVG |4,4'-DDE 3.65 59 7.5 0.67
IR1-5 4,4'-DDE 3.7 90 18.9 13.1
IR1-6 4,4'-DDE 6 92 14.9 14
IR1-10 4,4'-DDE 7.4 69 10.3 9.8
IR1-1 4,4'-DDE 9.3 94 20.3 19.6
IR1-2 4,4'-DDE 9.6 97 17.7 15.2
IR1-7 4,4'-DDE 18 53 8.2 21
IR1-3 4,4'-DDE 57 88 15.7 12.9
IR1-4 4,4'-DDE 119 90 13 7.4
BG8-SD-4 |4,4'-DDT 2.5 81 0.26987466 14.4 -0.05906881( 12.2 -0.0805526
IR1-9-AVG |4,4'-DDT 2.65 59 7.5 0.67
BG4-SD-3 |4,4'-DDT 29 81 15.8 8.18
IR1-8 4,4'-DDT 3 72 17.7 9.1
IR1-6 4,4'-DDT 4.2 92 14.9 14
IR1-10 4,4'-DDT 6’ 69 10.3 9.8
IR1-2 4,4'-DDT 15 97 17.7 15.2
IR1-5 4,4'-DDT 15" 90 18.9 13.1
IR1-1 4,4'-DDT 18.5 94 20.3 19.6
IR1-7 4,4'-DDT 24 53 8.2 2.1
IR1-3 4,4'-DDT 90’ 88 15.7 12.9
IR1-4 4,4'-DDT 190’ 90 13 7.4
IR1-1 4,4'-DDT 0° 94 -0.65502726| 20.3 -0.5153891 19.6 -0.5395312
IR1-2 4,4'-DDT 0° 97 17.7 15.2
IR1-3 4,4'-DDT 0° 88 15.7 12.9
IR1-4 4,4'-DDT 0° 90 13 7.4
IR1-5 4,4'-DDT 0° 90 18.9 13.1
IR1-10 4,4'-DDT 0° 69 10.3 9.8
BG8-SD-4 |4,4'-DDT 2.5 81 14.4 12.2
IR1-9-AVG |4,4'-DDT 2.65 59 7.5 0.67
BG4-SD-3 |4,4'-DDT 2.9 81 15.8 8.18
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TABLE C-1

REGRESSION ANALYSIS -IR 1

PAGE 4 of 10
Growth-mg/ Neonates/

Sample Parameter Concentration | Survival-% | Correlation | org (10X) | Correlation | female | Correlation
IR1-8 4,4'-DDT 3 72 17.7 9.1
IR1-6 4.4'-DDT 4.2 92 14.9 14
IR1-7 4,4'-DDT 24 53 8.2 2.1
BG8-SD-4 |4,4'-DDT 25 81 -0.54092912| 14.4 -0.44874096| 12.2 -0.4220205
IR1-9-AVG (4,4'-DDT 2.65 59 7.5 0.67
BG4-SD-3 |4,4'-DDT 2.9 81 15.8 8.18
IR1-8 4.4'-DDT 3 72 17.7 9.1
IR1-1 4,4'-DDT 4.2° 94 20.3 19.6
IR1-2 4,4'-DDT 4.2° 97 17.7 15.2
IR1-3 4.4'-DDT 4.2° 88 15.7 12.9
IR1-4 4,4'-DDT 4.2° 90 13 7.4
IR1-5 4.4'-DDT 4.2° 90 18.9 13.1
IR1-6 4,4'-DDT 4.2 92 14.9 14
IR1-10 4.4'-DDT 4.2° 69 10.3 9.8
IR1-7 4,4'-DDT 24 53 8.2 2.1
IR1-10 Aluminum 71.5 69 0.62461206 10.3 0.71933333 9.8 0.4608905
IR1-9-AVG  |Aluminum 102.5 59 7.5 0.67
BG8-SD-4 |Aluminum 213 81 14.4 12.2
IR1-7 Aluminum 275 53 8.2 21
IR1-6 Aluminum 297 92 14.9 14
IR1-2 Aluminum 390 97 17.7 15.2
BG4-SD-3 |Aluminum 402 81 15.8 8.18
IR1-8 Aluminum 481 72 17.7 9.1
IR1-1 Aluminum 587 94 20.3 19.6
IR1-4 Aluminum 615 90 13 7.4
IR1-3 Aluminum 616 88 15.7 12.9
IR1-5 Aluminum 689 90 18.9 13.1
BG8-SD-4  |Aroclor-1260 25 81 0.31809428 14.4 -0.03099364 | 12.2 -0.0523315
IR1-7 Aroclor-1260 25.5 53 8.2 21
IR1-9-AVG |Aroclor-1260 26.5 59 7.5 0.67
IR1-6 Aroclor-1260 28.5 92 14.9 14
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TABLE C-1
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Growth-mg/ Neonates/

Sample Parameter Concentration | Survival-% | Correlation | org (10X) | Correlation | female | Correlation
BG4-SD-3 |Aroclor-1260 29 81 15.8 8.18
IR1-10 Aroclor-1260 29.5 69 10.3 9.8
IR1-8 Aroclor-1260 30 72 17.7 9.1
IR1-5 Aroclor-1260 62 90 18.9 131
IR1-1 Aroclor-1260 516 94 20.3 19.6
IR1-2 Aroclor-1260 844 97 17.7 15.2
IR1-3 Aroclor-1260 3750 88 15.7 12.9
IR1-4 Aroclor-1260 8920 90 13 7.4
BG8-SD-4 |Arsenic 0.9 81 0.36954882 14.4 0.18643353 | 12.2 0.1400024
IR1-7 Arsenic 1.05 53 8.2 2.1
IR1-9-AVG |Arsenic 1.1 59 7.5 0.67
IR1-6 Arsenic 1.4 92 14.9 14
IR1-2 Arsenic 1.5 97 17.7 15.2
IR1-8 Arsenic 1.55 72 17.7 9.1
IR1-10 Arsenic 1.55 69 10.3 9.8
IR1-5 Arsenic 1.8 90 18.9 13.1
IR1-1 Arsenic 24 94 20.3 19.6
BG4-SD-3 |Arsenic 3.3 81 15.8 8.18
IR1-4 Arsenic 4.9 90 13 7.4
IR1-3 Arsenic 7.1 88 15.7 12.9
BG4-SD-3 |Barium 9 81 0.12678773 15.8 0.09348203 8.18 | 0.2418501
IR1-6 Barium 9.6 92 14.9 14
IR1-9-AVG [Barium 10.15 59 7.5 0.67
IR1-8 Barium 11.1 72 17.7 9.1
IR1-3 Barium 11.5 88 15.7 12.9
IR1-5 Barium 11.5 90 18.9 13.1
IR1-10 Barium 11.6 69 10.3 9.8
IR1-7 Barium 11.9 53 8.2 21
IR1-2 Barium 13.6 97 17.7 15.2
IR1-4 Barium 14.8 90 13 7.4
IR1-1 Barium 17.2 94 20.3 19.6
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TABLE C-1

REGRESSION ANALYSIS - IR 1

PAGE 6 of 10
Growth-mg/ Neonates/

Sample Parameter Concentration | Survival-% | Correlation | org (10X) | Correlation | female | Correlation
BG8-SD-4 |Barium 37.4 81 14.4 12.2
IR1-9-AVG |Chromium 1.725 59 0.31723088 7.5 0.65076285 0.67 | 0.5193962
BG8-SD-4  |Chromium 1.75 81 14.4 12.2
IR1-10 Chromium 1.85 69 10.3 9.8
IR1-6 Chromium 2.35 92 14.9 14
IR1-2 Chromium 2.8 97 17.7 15.2
BG4-SD-3  |Chromium 4.4 81 15.8 8.18
IR1-3 Chromium 6.6 88 15.7 12.9
IR1-7 Chromium 6.9 53 8.2 21
IR1-4 Chromium 11.3 90 13 7.4
IR1-8 Chromium 47.4 72 17.7 9.1
IR1-5 Chromium 73.9 90 18.9 13.1
IR1-1 Chromium 113 94 20.3 19.6
BG8-SD-4 |Cobalt 0.055 81 0.23430752 14.4 0.05934001 12.2 0.0974586
IR1-8 Cobalt 0.065 72 17.7 9.1
IR1-10 Cobalt 0.065 69 10.3 9.8
IR1-9-AVG |Cobalt 0.075 59 7.5 0.67
IR1-6 Cobalt 0.08 92 14.9 14
IR1-1 Cobalt 0.085 94 20.3 19.6
BG4-SD-3 |Cobalt 0.09 81 15.8 8.18
IR1-5 Cobalt 0.095 90 18.9 13.1
IR1-7 Cobalt 0.095 53 8.2 21
IR1-2 Cobalt 0.105 97 17.7 15.2
IR1-4 Cobalt 0.55 90 13 7.4
IR1-3 Cobalt 1.6 88 15.7 12.9
BG4-SD-3 |Copper 1.5 81 -0.13174031 15.8 -0.24751707 8.18 |-0.1799994
IR1-8 Copper 6.8 72 17.7 9.1
BG8-SD-4  |Copper 7.8 81 14.4 12.2
IR1-10 Copper 12.9 69 10.3 9.8
IR1-9-AVG |Copper 16.4 59 7.5 0.67
IR1-5 Copper 23.4 90 18.9 13.1
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Growth-mg/ Neonates/

Sample Parameter Concentration | Survival-% | Correlation | org (10X) | Correlation | female | Correlation
IR1-6 Copper 25.3 92 14.9 14
IR1-2 Copper 37.1 97 17.7 15.2
IR1-1 Copper 62.4 94 20.3 19.6
IR1-4 Copper 98.7 90 13 7.4
IR1-3 Copper 109 88 15.7 12.9
IR1-7 Copper 152 53 8.2 21
BG8-SD-4 |lron 400 81 0.32715291 14.4 0.01684135 | 12.2 0.03046
BG4-SD-3 |lron 431 81 15.8 8.18
IR1-10 Iron 456 69 10.3 9.8
IR1-9-AVG |lron 512.5 59 7.5 0.67
IR1-8 Iron 662 72 17.7 9.1
IR1-5 Iron 875 90 18.9 13.1
IR1-7 Iron 1030 53 8.2 21
IR1-6 Iron 1470 92 14.9 14
IR1-2 Iron 1510 97 17.7 15.2
IR1-1 Iron 1780 94 20.3 19.6
IR1-3 Iron 13600 88 15.7 12.9
IR1-4 Iron 14300 90 13 7.4
BG4-SD-3 |Lead 2.7 81 -0.39537939( 15.8 -0.41163548 8.18 |-0.3727655
IR1-8 Lead 8.8 72 17.7 9.1
BG8-SD-4 |Lead 8.9 81 14.4 12.2
IR1-9-AVG |Lead 14.45 59 7.5 0.67
IR1-10 Lead 15.2 69 10.3 9.8
IR1-5 Lead 19 90 18.9 13.1
IR1-6 Lead 24.9 92 14.9 14
IR1-2 Lead 33.8 97 17.7 15.2
IR1-1 Lead 49.4 94 20.3 19.6
IR1-3 Lead 54.6 88 15.7 12.9
IR1-4 Lead 85.2 90 13 7.4
IR1-7 Lead 224 53 8.2 2.1
BG8-SD-4 |Manganese 5 81 0.40287069 14.4 0.12551995 | 12.2 0.1350227
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Sample Parameter Concentration | Survival-% | Correlation | org (10X) [ Correlation | female | Correlation
BG4-SD-3 [Manganese 5.7 81 15.8 8.18
IR1-9-AVG [Manganese 8.5 59 7.5 0.67
IR1-10 Manganese 9.7 69 10.3 9.8
IR1-6 Manganese 12.5 92 14.9 14
IR1-8 Manganese 13 72 17.7 9.1
IR1-7 Manganese 14.4 53 8.2 21
IR1-5 Manganese 16.9 90 18.9 13.1
IR1-2 Manganese 22.5 97 17.7 15.2
IR1-1 Manganese 27.8 94 20.3 19.6
IR1-3 Manganese 65.9 88 15.7 12.9
IR1-4 Manganese 73.6 90 13 7.4
BG8-SD-4  |Nickel 0.36 81 0.33946615 14.4 0.0145612 12.2 -0.005397
IR1-9-AVG |Nickel 0.44 59 7.5 0.67
IR1-10 Nickel 0.485 69 10.3 9.8
BG4-SD-3  |Nickel 0.5 81 15.8 8.18
IR1-5 Nickel 0.65 90 18.9 13.1
IR1-6 Nickel 0.65 92 14.9 14
IR1-7 Nickel 0.65 53 8.2 2.1
IR1-8 Nickel 0.85 72 17.7 9.1
IR1-1 Nickel 1.45 94 20.3 19.6
IR1-2 Nickel 1.45 97 17.7 15.2
IR1-3 Nickel 5.6 88 15.7 12.9
IR1-4 Nickel 9.6 90 13 7.4
IR1-9-AVG |Vanadium 0.85 59 0.61916966 7.5 0.41487586 0.67 0.340178
IR1-10 Vanadium 0.9 69 10.3 9.8
IR1-7 Vanadium 2.3 53 8.2 21
BG8-SD-4 |Vanadium 24 81 14.4 12.2
BG4-SD-3 |Vanadium 2.6 81 15.8 8.18
IR1-8 Vanadium 29 72 17.7 9.1
IR1-5 Vanadium 3 90 18.9 131
IR1-6 Vanadium 3.1 92 14.9 14
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Sample Parameter Concentration | Survival-% | Correlation | org (10X) | Correlation | female | Correlation
IR1-2 Vanadium 3.3 97 17.7 15.2
IR1-1 Vanadium 4.5 94 20.3 19.6
IR1-3 Vanadium 4.8 88 15.7 12.9
IR1-4 Vanadium 7.3 90 13 7.4
BG4-SD-3 |Zinc 4.75 81 0.30269764 15.8 0.14506893 8.18 |0.1311298
BG8-SD-4 |Zinc 9.2 81 14.4 12.2
IR1-10 Zinc 21 69 10.3 9.8
IR1-9-AVG |Zinc 30.15 59 7.5 0.67
IR1-8 Zinc 52.4 72 17.7 9.1
IR1-2 Zinc 61.8 97 17.7 15.2
IR1-6 Zinc 65 92 14.9 14
IR1-5 Zinc 80 90 18.9 13.1
IR1-3 Zinc 84.6 88 15.7 12.9
IR1-7 Zinc 104 53 8.2 2.1
IR1-1 Zinc 133 94 20.3 19.6
IR1-4 Zinc 190 90 13 7.4
Growth-mg/ Neonates/
Sample % Silt/Clay Survival-% | Correlation| org (10X) | Correlation female Correlation

IR1-5 0.3 90 0.0331014 18.9 0.313064 13.1 0.32095

IR1-9-AVG 1 59 7.5 0.67

IR1-3 1.1 88 15.7 12.9

IR1-10 1.4 69 10.3 9.8

IR1-4 1.6 90 13 7.4

BG4-SD-3 1.6 81 15.8 8.18

BG8-SD-4 3.3 81 14.4 12.2

IR1-2 3.8 97 17.7 15.2

IR1-6 5.1 92 14.9 14

IR1-7 5.3 53 8.2 2.1

IR1-8 6.8 72 17.7 9.1

IR1-1 7.7 94 20.3 19.6
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Growth-mg/ Neonates/
Sample Parameter Concentration [ Survival-% | Correlation | org (10X) | Correlation | female | Correlation

IR1-7 Total Organic 3980000 53 0.03043204 8.2 -0.00986772 2.1 0.2026715
Carbon

IR1-4 Total Organic 5810000 90 13 7.4
Carbon

IR1-3 Total Organic 6870000 88 15.7 12.9
Carbon

BG4-SD-3 |Total Organic 7370000 81 15.8 8.18
Carbon

IR1-5 Total Organic 8220000 90 18.9 13.1
Carbon

BG8-SD-4 |Total Organic 8230000 81 14.4 12.2
Carbon

IR1-6 Total Organic 10700000 92 14.9 14
Carbon

IR1-8 Total Organic 11400000 72 17.7 9.1
Carbon

IR1-10 Total Organic 77900000 69 10.3 9.8
Carbon

IR1-9-AVG |Total Organic 91700000 59 7.5 0.67
Carbon

IR1-2 Total Organic 94200000 97 17.7 15.2
Carbon

IR1-1 Total Organic 104000000 94 20.3 19.6
Carbon

1 Analyte not detected in this sample; value shown is one-half the detection limit.
2 Analyte not detected in this sample; value of zero assigned to sample.
3 Analyte not detected in this sample; value shown is the lowest detected value for this analyte at IR 1.
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TABLE C-2

REGRESSION ANALYSIS -IR 8

PAGE 1 OF 8
Growth Rate Neonates/

Sample Parameter Concentration %Survival | Correlation | (mg/org x 10) | Correlation female | Correlation
IR8-SD-4-AVG |(4,4'-DDD 23 93 -0.1006323 19.3 0.46557589 17.7 -0.067398
BG8-SD-4 4,4'-DDD 25 81 14.4 12.2
IR8-SD-7 4,4'-DDD 2.9 82 20.7 11.9
BG4-SD-3 4,4'-DDD 2.9 81 15.8 8.18
IR8-SD-1 4,4'-DDD 2.95 87 19 12.7
IR8-SD-10 4,4'-DDD 3.05 89 23.3 13.8
IR8-SD-3 4,4'-DDD 3.3 88 19.8 15.9
IR8-SD-2 4,4'-DDD 3.5 80 22.9 13.8
IR8-SD-8 4,4'-DDD 3.75 56 22.8 9
IR8-SD-5 4,4'-DDD 3.85 96 19.8 22.5
IR8-SD-6 4,4'-DDD 4.4 96 21.2 16
IR8-SD-9 4,4'-DDD 4.4 77 20.2 6.4
BG8-SD-4 4,4'-DDE 2.5 81 0.34255244 14.4 0.27321963 12.2 0.2959947
IR8-SD-4-AVG |4,4'-DDE 2.525 93 19.3 17.7
BG4-SD-3 4,4'-DDE 2.9' 81 15.8 8.18
IR8-SD-1 4,4'-DDE 2.95' 87 19 12.7
IR8-SD-10 4,4'-DDE 3.05' 89 23.3 13.8
IR8-SD-2 4,4'-DDE 3.5 80 22.9 13.8
IR8-SD-7 4,4'-DDE 3.6 82 20.7 11.9
IR8-SD-8 4,4'-DDE 3.75' 56 22.8 9
IR8-SD-9 4,4'-DDE 4.4 77 20.2 6.4
IR8-SD-3 4,4'-DDE 5 88 19.8 15.9
IR8-SD-5 4,4'-DDE 5.2 96 19.8 22.5
IR8-SD-6 4,4'-DDE 9.8 96 21.2 16
IR8-SD-1 4,4'-DDE 0° 87 0.58235384 19 0.13018956 12.7 0.5997547
IR8-SD-10 4,4'-DDE 0° 89 23.3 13.8
IR8-SD-2 4,4'-DDE 0° 80 22.9 13.8
IR8-SD-8 4,4'-DDE 0° 56 22.8 9
IR8-SD-9 4,4'-DDE 0° 77 20.2 6.4
BG4-SD-3 4,4'-DDE 0° 81 15.8 8.18
BG8-SD-4 4,4'-DDE 0° 81 14.4 12.2

66/CL/E
0 ‘AsYd



£€800-66-MIV

G1-0

/000 01D

TABLE C-2

REGRESSION ANALYSIS -IR 8

PAGE 2 OF 8
Growth Rate Neonates/

Sample Parameter Concentration %Survival | Correlation | (mg/org x 10) | Correlation female | Correlation
IR8-SD-4-AVG |4,4'-DDE 2.525 93 19.3 17.7
IR8-SD-7 4,4'-DDE 3.6 82 20.7 11.9
IR8-SD-3 4,4'-DDE 5 88 19.8 15.9
IR8-SD-5 4,4'-DDE 5.2 96 19.8 225
IR8-SD-6 4,4'-DDE 9.8 96 21.2 16
IR8-SD-1 4,4'-DDE 2.5° 87 0.50040361 19 0.14499092 12.7 0.4622764
IR8-SD-10 4,4'-DDE 2.5° 89 23.3 13.8
IR8-SD-2 4,4'-DDE 2.5° 80 22.9 13.8
IR8-SD-8 4,4'-DDE 2.5° 56 22.8 9
IR8-SD-9 4,4'-DDE 2.5° 77 20.2 6.4
BG4-SD-3 4,4'-DDE 2.5° 81 15.8 8.18
BG8-SD-4 4,4'-DDE 2.5° 81 14.4 12.2
IR8-SD-4-AVG |4,4'-DDE 2.525 93 19.3 17.7
IR8-SD-7 4,4'-DDE 3.6 82 20.7 11.9
IR8-SD-3 4,4'-DDE 5 88 19.8 15.9
IR8-SD-5 4,4'-DDE 5.2 96 19.8 22.5
IR8-SD-6 4,4'-DDE 9.8 96 21.2 16
BG8-SD-4 Aluminum 213 81 0.490127 14.4 -0.0098781 12.2 0.7696723
IR8-SD-2 Aluminum 269 80 22.9 13.8
IR8-SD-7 Aluminum 298 82 20.7 11.9
IR8-SD-9 Aluminum 390 77 20.2 6.4
BG4-SD-3 Aluminum 402 81 15.8 8.18
IR8-SD-6 Aluminum 409 96 21.2 16
IR8-SD-8 Aluminum 478 56 22.8 9
IR8-SD-1 Aluminum 532 87 19 12.7
IR8-SD-10 Aluminum 756 89 23.3 13.8
IR8-SD-3 Aluminum 851 88 19.8 15.9
IR8-SD-4-AVG |Aluminum 3065 93 19.3 17.7
IR8-SD-5 Aluminum 3970 96 19.8 22.5
IR8-SD-2 Arsenic 0.85 80 0.2730564 22.9 0.03686611 13.8 0.4590785
BG8-SD-4 Arsenic 0.9 81 14.4 12.2
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Growth Rate Neonates/

Sample Parameter Concentration %Survival | Correlation | (mg/org x 10) | Correlation female Correlation
IR8-SD-7 Arsenic 2 82 20.7 11.9
IR8-SD-6 Arsenic 2.3 96 21.2 16
BG4-SD-3 Arsenic 3.3 81 15.8 8.18
IR8-SD-1 Arsenic 4.8 87 19 12.7
IR8-SD-10 Arsenic 5.8 89 23.3 13.8
IR8-SD-8 Arsenic 7.5 56 22.8 9
IR8-SD-9 Arsenic 7.6 77 20.2 6.4
IR8-SD-3 Arsenic 8.5 88 19.8 15.9
IR8-SD-5 Arsenic 13.3 96 19.8 22.5
IR8-SD-4-AVG |Arsenic 25.85 93 19.3 17.7
IR8-SD-2 Barium 5.3 80 0.03854999 22.9 -0.1898871 13.8 0.1927675
BG4-SD-3 Barium 9 81 15.8 8.18
IR8-SD-1 Barium 11.5 87 19 12.7
IR8-SD-4-AVG |(Barium 12.2 93 19.3 17.7
IR8-SD-7 Barium 12.7 82 20.7 11.9
IR8-SD-6 Barium 13 96 21.2 16
IR8-SD-9 Barium 15.6 77 20.2 6.4
IR8-SD-3 Barium 15.7 88 19.8 15.9
IR8-SD-8 Barium 19.9 56 22.8 9
IR8-SD-5 Barium 28 96 19.8 22.5
IR8-SD-10 Barium 32.6 89 23.3 13.8
BG8-SD-4 Barium 37.4 81 14.4 12.2
IR8-SD-2 Chromium 1.3 80 0.447695 22.9 -0.0517922 13.8 0.7286081
BG8-SD-4 Chromium 1.75 81 14.4 12.2
IR8-SD-7 Chromium 1.8 82 20.7 11.9
IR8-SD-9 Chromium 1.95 77 20.2 6.4
IR8-SD-6 Chromium 2.4 96 21.2 16
IR8-SD-8 Chromium 2.95 56 22.8 9
BG4-SD-3 Chromium 4.4 81 15.8 8.18
IR8-SD-10 Chromium 5.3 89 23.3 13.8
IR8-SD-3 Chromium 10.3 88 19.8 15.9
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TABLE C-2

REGRESSION ANALYSIS -IR 8

PAGE 4 OF 8
Growth Rate Neonates/

Sample Parameter Concentration %Survival | Correlation | (mg/org x 10) | Correlation female | Correlation
IR8-SD-1 Chromium 18.3 87 19 12.7
IR8-SD-4-AVG [Chromium 18.4 93 19.3 17.7
IR8-SD-5 Chromium 78.5 96 19.8 225
BG8-SD-4 Cobalt 0.055 81 0.34404154 14.4 -0.0545858 12.2 0.4562786
IR8-SD-7 Cobalt 0.06 82 20.7 11.9
IR8-SD-1 Cobalt 0.065 87 19 12.7
IR8-SD-2 Cobalt 0.075 80 22.9 13.8
IR8-SD-6 Cobalt 0.085 96 21.2 16
BG4-SD-3 Cobalt 0.09 81 15.8 8.18
IR8-SD-9 Cobalt 0.095 77 20.2 6.4
IR8-SD-8 Cobalt 0.12 56 22.8 9
IR8-SD-10 Cobalt 0.185 89 23.3 13.8
IR8-SD-3 Cobalt 0.245 88 19.8 15.9
IR8-SD-5 Cobalt 0.65 96 19.8 225
IR8-SD-4-AVG |Cobalt 2.8 93 19.3 17.7
BG4-SD-3 Copper 1.5 81 0.42045749 15.8 -0.0420768 8.18 | 0.7556336
IR8-SD-2 Copper 2.5 80 22.9 13.8
IR8-SD-9 Copper 5.8 77 20.2 6.4
IR8-SD-6 Copper 59 96 21.2 16
IR8-SD-10 Copper 6" 89 23.3 13.8
BG8-SD-4 Copper 7.8 81 14.4 12.2
IR8-SD-7 Copper 8 82 20.7 11.9
IR8-SD-1 Copper 10.3 87 19 12.7
IR8-SD-8 Copper 11 56 22.8 9
IR8-SD-3 Copper 14.6 88 19.8 15.9
IR8-SD-4-AVG |Copper 38.85 93 19.3 17.7
IR8-SD-5 Copper 43.4 96 19.8 225
BG8-SD-4 Iron 400 81 0.37331393 14.4 -0.0697712 12.2 0.5026906
IR8-SD-2 Iron 409 80 22.9 13.8
BG4-SD-3 Iron 431 81 15.8 8.18
IR8-SD-7 Iron 628 82 20.7 11.9
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TABLE C-2

REGRESSION ANALYSIS -IR 8

PAGE 5 OF 8
Growth Rate Neonates/

Sample Parameter Concentration %Survival | Correlation | (mg/org x 10) | Correlation female | Correlation
IR8-SD-9 Iron 838 77 20.2 6.4
IR8-SD-6 Iron 1030 96 21.2 16
IR8-SD-8 Iron 1060 56 22.8 9
IR8-SD-10 Iron 1220 89 23.3 13.8
IR8-SD-1 Iron 1260 87 19 12.7
IR8-SD-3 Iron 7250 88 19.8 15.9
IR8-SD-5 Iron 14200 96 19.8 225
IR8-SD-4-AVG |lron 52750 93 19.3 17.7
BG4-SD-3 Lead 2.7 81 0.40860244 15.8 0.01604268 8.18 0.662108
IR8-SD-2 Lead 3.6 80 22.9 13.8
BG8-SD-4 Lead 8.9 81 14.4 12.2
IR8-SD-9 Lead 14 77 20.2 6.4
IR8-SD-6 Lead 19.2 96 21.2 16
IR8-SD-10 Lead 21.7 89 23.3 13.8
IR8-SD-7 Lead 23.7 82 20.7 11.9
IR8-SD-1 Lead 27.9 87 19 12.7
IR8-SD-8 Lead 30.2 56 22.8 9
IR8-SD-3 Lead 39.7 88 19.8 15.9
IR8-SD-5 Lead 93.7 96 19.8 225
IR8-SD-4-AVG |Lead 145.75 93 19.3 17.7
IR8-SD-2 Manganese 4.7 80 0.39953401 22.9 -0.066553 13.8 0.5522214
BG8-SD-4 Manganese 5 81 14.4 12.2
IR8-SD-7 Manganese 5.2 82 20.7 11.9
BG4-SD-3 Manganese 5.7 81 15.8 8.18
IR8-SD-9 Manganese 6 77 20.2 6.4
IR8-SD-8 Manganese 8.5 56 22.8 9
IR8-SD-6 Manganese 8.7 96 21.2 16
IR8-SD-10 Manganese 9.2 89 23.3 13.8
IR8-SD-1 Manganese 9.5 87 19 12.7
IR8-SD-3 Manganese 30.3 88 19.8 15.9
IR8-SD-5 Manganese 63.1 96 19.8 22.5
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TABLE C-2

REGRESSION ANALYSIS -IR 8

PAGE 6 OF 8
Growth Rate Neonates/

Sample Parameter Concentration %Survival | Correlation | (mg/org x 10) | Correlation female | Correlation
IR8-SD-4-AVG |Manganese 173.5 93 19.3 17.7
BG8-SD-4 Nickel 0.36 81 0.48008212 14.4 -0.0402926 12.2 0.725787
IR8-SD-2 Nickel 0.435 80 22.9 13.8
BG4-SD-3 Nickel 0.5 81 15.8 8.18
IR8-SD-9 Nickel 0.7 77 20.2 6.4
IR8-SD-1 Nickel 0.85 87 19 12.7
IR8-SD-6 Nickel 1.1 96 21.2 16
IR8-SD-7 Nickel 1.1 82 20.7 11.9
IR8-SD-8 Nickel 1.1 56 22.8 9
IR8-SD-10 Nickel 1.2 89 23.3 13.8
IR8-SD-3 Nickel 6.1 88 19.8 15.9
IR8-SD-5 Nickel 11.4 96 19.8 225
IR8-SD-4-AVG [Nickel 15.25 93 19.3 17.7
IR8-SD-2 Vanadium 1.25 80 0.41310827 22.9 0.11421814 13.8 0.6509898
BG8-SD-4 Vanadium 24 81 14.4 12.2
BG4-SD-3 Vanadium 2.6 81 15.8 8.18
IR8-SD-7 Vanadium 3.6 82 20.7 11.9
IR8-SD-1 Vanadium 4.9 87 19 12.7
IR8-SD-9 Vanadium 4.9 77 20.2 6.4
IR8-SD-6 Vanadium 54 96 21.2 16
IR8-SD-8 Vanadium 6.5 56 22.8 9
IR8-SD-10 Vanadium 71 89 23.3 13.8
IR8-SD-3 Vanadium 9.8 88 19.8 15.9
IR8-SD-5 Vanadium 12.3 96 19.8 225
IR8-SD-4-AVG |Vanadium 16.55 93 19.3 17.7
BG4-SD-3 Zinc 4.75 81 0.48284154 15.8 -0.0090532 8.18 | 0.7950402
BG8-SD-4 Zinc 9.2 81 14.4 12.2
IR8-SD-2 Zinc 11.7 80 22.9 13.8
IR8-SD-10 Zinc 16.75" 89 23.3 13.8
IR8-SD-9 Zinc 22.8 77 20.2 6.4
IR8-SD-7 Zinc 28.8 82 20.7 11.9
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TABLE C-2

REGRESSION ANALYSIS -IR 8

PAGE 7 OF 8
Growth Rate Neonates/
Sample Parameter Concentration %Survival | Correlation | (mg/org x 10) | Correlation female Correlation

IR8-SD-6 Zinc 30.2 96 21.2 16

IR8-SD-8 Zinc 31.3 56 22.8

IR8-SD-1 Zinc 36.2 87 19 12.7

IR8-SD-3 Zinc 81.2 88 19.8 15.9

IR8-SD-4-AVG |Zinc 188 93 19.3 17.7

IR8-SD-5 Zinc 259 96 19.8 22.5

Growth-mg/ Neonates/

Sample % Silt/Clay Survival Correlation| org (10X) Correlation female Correlation
IR8-SD-4-AVG 0.9 93 -0.392149 19.3 -0.29563 17.7 -0.2047
IR8-SD-6 1.4 96 21.2 16
IR8-SD-1 1.5 87 19 12.7
IR8-SD-10 1.5 89 23.3 13.8
BG4-SD-3 1.6 81 15.8 8.18
IR8-SD-2 1.8 80 22.9 13.8
IR8-SD-5 1.8 96 19.8 225
IR8-SD-9 2 77 20.2 6.4
IR8-SD-7 2.3 82 20.7 11.9
IR8-SD-8 2.4 56 22.8 9
IR8-SD-3 3.1 88 19.8 15.9
BG8-SD-4 3.3 81 14.4 12.2
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TABLE C-2

REGRESSION ANALYSIS -IR 8

PAGE 8 OF 8
Growth Rate Neonates/
Sample Parameter Concentration %Survival | Correlation | (mg/org x 10) | Correlation female Correlation

IR8-SD-7 Total Organic 2580000 82 20.7 11.9
Carbon

IR8-SD-4-AVG |Total Organic 3625000 93 19.3 17.7
Carbon

BG4-SD-3 Total Organic 7370000 81 -0.220717 15.8 0.28143945 8.18 -0.172413
Carbon

BG8-SD-4 Total Organic 8230000 81 14.4 12.2
Carbon

IR8-SD-2 Total Organic 11400000 80 22.9 13.8
Carbon

IR8-SD-3 Total Organic 11500000 88 19.8 15.9
Carbon

IR8-SD-6 Total Organic 13100000 96 21.2 16
Carbon

IR8-SD-5 Total Organic 15400000 96 19.8 22.5
Carbon

IR8-SD-9 Total Organic 20100000 77 20.2 6.4
Carbon

IR8-SD-8 Total Organic 55600000 56 22.8 9
Carbon

IR8-SD-10 Total Organic 57100000 89 23.3 13.8
Carbon

IR8-SD-1 Total Organic 95000000 87 19 12.7
Carbon

Analyte not detected in this sample; value shown is one-half the detection limit.

Analyte not detected in this sample; value of zero assigned to sample.

Analyte not detected in this sample; value shown is the lowest detected value for this analyte at IR 8.

Analyte (copper and zinc) not detected in this sample; value shown is one-half the detection limit. Regression analysis was also conducted
using values of zero and the lowest detected value, but since copper and zinc were detected in all other background and IR 8 samples, this

had no impact on the regression coefficient, and the results are not shown.
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APPENDIX D
PREVIOUS SEDIMENT CHEMICAL CONCENTRATIONS AT
IR1ANDIR 8

Note: The figures in this Appendix were taken from the Supplemental RCRA Facility Investigation and
Remedial Investigation Report for Eight Sites, Naval Air Station Key West, Florida (B&R Environmental,
1998).



£€800-66-MIV

L-a

/000 01D

/

40 0 Q &3
APPROK, SCALE
CARAMETER SCAEEHMG YALUE
INORTAMIC
¥ i Arpasi L]
RETAMING WALL Serum 43
) i Fageesm 0576
B TOWER Lopger 18
- Crpanae ol
INCACAMIC ron 25000
Capper 1.5 Lend a5
Lmact WTE Miprcury ot
Finc 16,5 el Tine 138
R Yo ]'““ X - :
4. 4"-00E 598 HDRCANIC
4007 T Sariym 405 o -
wal o Foat aracior— 1180 LEIED CRCANE I
Incomallon | 54 i A 9.9
R Eraarin 1463 e e = 4,4°- 00T 13
] — L. oo = NPED a0 A paphihylans 587
. . P eszafalonitrozane 10 1R3 05 FooT Acglime 17
e Becroalprace e == INCFIG AN 1557 Aracior-1368 2.7
rice "'g‘: ;em RORCAMIE =io—Bril 20 i Copper 296 e ot Arngips - 1254 2.7
Arocior 135 ] ‘Ladmeum L [3is(2—etyhenyphinaiate  S80 ! L 53 I Arpcior=1 260 37
Hestctrry 12 Cosoar 152]  |Chipaene 267 [ 150 NORGANI =
" fﬂ__f" Leog 154 |Erccmdion & B3 H Arasnic 108 5 Benzulclontragene an
Frc 13 Encrin 35 1 Pyl ¥ Topper Ed.4 1958 Feniololpwenc a8
L ORTAMIC Fluargneneng 550 i 4'4':DD1 32 o 27,700 LY tetc-FIC 5
1 &= O0E wi [Prenancniece 64 1 Aphtane 150 £ oo B \ ;rm’“.f . Bis{ 2- el pnesdjphanolate 132
447 0BT nf [|Rrens | el 5 Cheyaere: 108
Arocior-17%4 220 hridein arns
e ‘ua-::':r—gﬁu 170 Engogfon | 67
o Aenpal ajenaniacene 239 E i
fEE-1 1 = ndicmsdion 1 4
Be5(2 - cihgherylpnihatal :
W5=1 A ".h--p::: +f m Erairia Uk |
Ficroninmms 4] Flugranifche s
{Frenoninene bl Haphachier 55
Pyene ] —_— Fhenantarome o
¥ Smas oo Pyrona 144
E ) + Tn[ STLECHOM OF Trf MARSHE asd [¥ICWI
SRR WAL 1S DGR 8 AHATHD T
715
215 MOTE: 21l SACasal CONCENTRATIONG ARE N gfg.
a.is,
MOIE: ALL INORCAMIZ CONCORIRATIONS ARE N magfag
bl
2 LEGEND
TE5-507) Acmnopiingene 3 e ) W
= 13eﬂm(u]mwncene ¥20 SECwsEsT Sramry B LDCA e
Senrel e a 130 1T CORPAORATION (1560
EE I - mihpnexygnongigts 430
heysere 150 SEfuefHT ALl 1o b
1S5- (i1} 2:"#’."‘:1‘:": 250 H CORPORATION (1571)
;s 5 “mo W
L ‘:;'é_; ke i LEDENT Seusfrf LRI
.:::?\w = Sdott ENWRDHAET TR 11V
i i Ty T ] wsenn ALY | Geoon G2 FICUSE S-10
# Soam = T oo i 4,720,787
P e SOWENT CHCAL CONCENTRATIONT
s a4 =Pt 113 Seagris g 05 | i o 5013/36 E 1
= Arpoigr—1250 1533 T e e
0 Dwl WATOSEMIZD] PROL M 7042 KLY WEAT, FLOoRiDs

66/CL/E
0 ‘AsY



£€800-66-MIV

€-d

/000-010

L]
HORCARIC

Anlimeny 3

Arganag 4X5

Sarium W |

-]

Cogmium 1}
ChrgmaeT o | |CRSANC

& 585 4, 4'—DC0 L] ]

Leod vgaa | |R5-00T a4

?Elm{o}unuvuuu (§1:]

e I (e m: .

pescary 1EN 1ol attayioninotate 230 AEEE - ALIT) T
Nizkat B5.4

R 24| |[Shrysene 130 1855~

e B B i m5-2 He-7

e Flugranshene 200
ORGAME Phangathreny uie
4,4'~00E 180 | |Pyrene H
4,8 - DOT ] 1
Bis[2-ethghendlphiralaie GO0

6.7
-Codmium ©as
Capzer kil
Lend v
Waghist F
Tioe 430

]

HORGAMIC

#hrgenic 3149
EEEE 478
Cosmam 2
Chromice 525
Le oy 432
] ah
Mongoscis 545
Migkel 28
Einc 7

1B55— 31

HSS=5

CRCANT
Bial 2= ethyitcxyllphitaiote 1100

A OF WAl

o
1993

5= 4{IT)
-4

HORCANIC
Moroury
DORGAMID
Agebone

a0
&4 1825-31T)

Berio{o)onlhracene 13
Benaclolswens 130
EfalI-cihyhcuyliphthadcte 750
Chrygang 183
Fugrenihesc 13
Phancaihrens 150
Petc

CULF OF WEXICDH

IBEE-5

1550
HORGANI
Asirnasy m7r
Rerggneg 158
Bariam el +
SLRFENMNG YALUE
[ P L] EBMWETER
Copper 1100 | | MORCANIC
27100
:'2 wg7| | Antimany 12
Mignel tpa| |Mesenic 52
Stvms 17.7] |Gerkm 4a
Tine 1378 (e QBT
Chwrpmbem prd |
DRCANIC Cappa’ 147
A4—00T 271 iwon 25,000
i3 —aibpherplphthaiole 390 ) |poon ET)
WA orEsE 450
grgry Ly
Micikd -]
Sdver oIy
Tin 124
DRCANIC
a,4"=D0E LR
Ao ppiiees 1
ity i | restone £+
Meghlhgtans gy| |Arecier-1ga 727
Benzaln)anihrosene T4
TEES Benrc{clprana &8
NG AN | | Eete-am 5
et ey 0.2 BT - thyiheay jphihclals 182
Chdysene {1y
DRGANS
Scniofajnitisecne BO| | SSl=-ERC 7;"
Bango{ajerene 1nf | Teeentreng 1 i
Frugronihent zoo| |Flerese 1
Frucrens noj |Hephihcima nE
| Maghthotna a5 | | Phessagheens 5.7
Phenomibrees 150 | Py 155
Perene 153
. :{mum;ﬁ g TG n CAIDE
198 5 NSOUTSI0 W ARFLRDE G
l""_.ﬂn o 77 MOTE: ALL DRGAMG CONCENTRARONS M6 BN igieg.

AMGEIHITION SERAGE

MOTE: ALL WORGAMIC COMCINERATIONS ARE W myfeg

w5-1 {;{- SOMMENT SaufE LOICARDN
17 CoAPoRs b [1550]

-W!ﬂ i} 200

mm:e SCALE

1B55-t{T) ) SEOENT SAUFLE LOGATON
1T EOAPORARDN (1383}
130

] wES-1 Font SWPLE L0CATOM
e EvdEnTaL (1652}

WL LaZR BT || CACERDd Gr OF
_Sumi e OC | R L 1,718,798
imrmnrm ¥ sume gaar 97055

m-ssm-u

T8 e - FEITEAT | e wn TR

Brovmn & Root Environmental

FIGURE B-7
SFWENT CHEWICAL CONCEHTRATIONS
ma

MLEEL LB STaTiow
SET FLST. FLOSD

66/CL/E
0 ‘AsY



