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EXECUTIVE SUMMARY

This document presents the results of a Remedial Investigation (RI) and Baseline
Ecological Risk Assessment (BERA) conducted at Naval Air Facility (NAF) Midway
Island on Midway Atoll. The RI and BERA evaluated the following areas:

e The terresirial environment (soils and ground water) at the Bulky Waste Landfill
(BWLF), a former disposal site for base construction debris, scrap metal, salvaged
vehicles, and other wastes.

¢ The marine environment adjacent to the BWLF (Installation Restoration [IR] Site 01)
and the Runway Landfill (IR Site 02), the former and current base municipal landfill;
this marine area is hereafter referred to as “the Landfills” site.

¢ The marine environment in the Inner Harbor (IR Sites 08 and 99).
Site Background

The RI was designed to further investigate the presence of Contaminants of Potential
Ecological Concern (CPECs) identified in soils, ground water, marine sediments,
seawater, and marine tissues during a Site Inspection (SI) and Screening Ecological Risk
Assessment (SERA) performed in 1994. The identified CPECs consist of Semi-Volatile
Organic Compound (SVOCs), organochlorine (OC) pesticides (primarily DDT and DDE)
and polychlorinated biphenyls (PCBs). These CPECs were identified during the SI, as
having the potential to cause an adverse effect to the target receptors, seabirds, green sea

turtles (Chelonia mydas agassizi) and/or Hawaiian monk seals (Monachus schauinslandi).
RI Field Activities

To assess the terrestrial environment at the BWLEF, 20 trenches were excavated within a
450,000 square foot sampling grid compartmentalized into 20, 150-foot square cells. One
sampling trench was randomly located within each 150-foot square cell for a total of 20
trenches. Based on the total area of the BWLF, the 20 sampling locations within the
square grid created an estimated 90 percent statistical probability of encountering a “hot
spot” with a radius of 85 feet or greater. Forty-four soil samples were collected from the

1-1019-0136 ES-1
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trenches and analyzed for SVOCs, OC pesticides, and PCBs. An additional 26 test pits
were excavated at grid nodes, and soil samples collected from the test pits were screened
in the field by immunoassay test kits for PCBs. One ground-water sample was collected
from each of five existing monitoring wells at the BWLF and analyzed for SVOCs, OC
pesticides and PCBs.

To facilitate investigations of the marine environment, square sampling grids were
established at the Landfills and in the Inner Harbor. Marine sediments, seawater, and
tssue samples (algae, invertebrates, herbivorous and carnivorous fish) were collected in
the sampling grids. Landfill grid cell dimensions were approximately 650 feet by 650 feet,
while the Inner Harbor grid cells were approximately 540 feet by 540 feet (no marine
sediment or carnivorous fish were collected from the Inner Harbor). Grid locations were
chosen to maximize spatial coverage of the Landfill and Inner Harbor sites while also
investigating potential sources of contaminants (e.g., marine debris and existing sewer
outfalls). To establish background marine concentrations, four reference sampling stations
were located in Midway Atoll lagoon. All marine samples were analyzed for OC
pesticides and PCBs.

Nature and Extent of Contamination

Subsurface Soil
Fluoranthene and pyrene were the SVOCs most frequently detected in the subsurface soil

samples. Moreover, these SVOCs were detected at the highest concentrations, 19,000
micrograms per kilogram (pg/kg) for each analyte. The site-wide geometric means for all
SVOC target compounds were less than 1,000 pg/kg. 4,4’-DDT, 4,4°-DDE, and 4,4’-
DDD were the most frequently detected OC pesticides. The maximum concentration of
4,4'-DDT detected in the subsurface soil was 890 pg/kg. With the exception of DDT and
its metabolites, OC pesticides were detected in less than 40 percent of the samples, The
site-wide geometric mean for each OC pesticide target compound was less than 10 pg/kg.
The maximum concentration of the PCB Aroclor-1260, 19,000 pg/kg, was detected in a
subsurface soil sample taken from a test pit located in the northern central portion of the
site. The site-wide geometric mean for Aroclor-1260 was less than 600 pg/kg.

1-1019-0136 ES-2
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Ground Water

One ground-water sample was collected from each of the five monitoring wells at the
BWLEF. Twenty-four of the 41 SVOC target analytes tested for in ground water were
detected in each well. Naphthalene and its alkyl-substituted forms were present in the
highest concentrations, 1.5 micrograms per liter (lg/l.) and 7.6 p/L., in Monitoring Wells
03 and 04, respectively. The analytes 2,4’-DDD and 4,4’-DDD were the most frequently
detected OC pesticides. The maximum OC pesticide concentration, 0.098 pg/L for 4,4'-
DDD, was detected in Monitoring Well 05. 4,4’-DDT was not detected in any of the
samples analyzed. Detected concentrations of other pesticides were less than 0.05 ug/L.
In general, the pesticide concentrations detected in the ground-water samples collected
during the 1996 RI were approximately one-half the concentrations detected during the
1994 S1. PCB congeners 138, 153, and 180 were detected in each of the five monitoring
wells. The maximum PCB congener concentration, 0.02 g/l for PCB-138, was detected
in Monitoring Well 04. The 1996 concentrations of PCB-138, PCB-153, and PCB-180
were generally one-half to one-tenth of the concentrations reported in the same wells in
1994.

Marine Sediment

The maximum concentration of 4,4’-DDE detected in Landfill sediments was 9.00 pg/kg
at Grid 01 (adjacent to the northeast corner of the BWLF). The maximum total PCB
concentration for Landfill sediments was 508.9 pg/kg at Grid 01. Analytical results
indicate that concentrations of total PCBs and OC pesticides decreased with increasing
distance from the sheetpiling and the northeast corner of the BWLF. Marine sediment

samples were not collected in the Inner Harbor.

Seawater

Hexachlorobenzene, PCB-18, PCB-153, PCB-180, and PCB-187 were the only target
analytes detected in Landfill seawater samples. Hexachlorobenzene concentrations were
similar to those found at the reference sites. The maximum total PCB concentration for
Landfill seawater was 0.0082 pg/kg at Grid 01. Hexachlorobenzene and PCB-209 were
the only target analytes detected in the Inner Harbor seawater samples. PCB-209, the

only congener detected in the Inner Harbor, was reported at a concentration of 0.000051

be/L.
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Marine Tissue

The overall trend for sampled marine tissue was a biomagnification of OC pesticide and
PCB concentrations up the food chain, from seawater to algae to herbivorous fish and
from sediment to benthic invertebrates to carnivorous fish. For the Landfills, the highest
concentrations of analytes in tissue were found in Grids 01 and 02 adjacent to the
northeast corner of the BWLF. However, different species tended to accumulate
contaminants to different levels. Concentrations in algal tissue were more varied
throughout the Site and did not follow the same trend as those found in fish tissue.
Concentrations in herbivorous fish tissue were generally higher than those in carnivorous
fish, which may be due to the site-specificity of the herbivorous damselfish versus the
more mobile carnivorous goatfish.

Concentrations of analytes in tissue samples obtained from the Inner Harbor, while
exhibiting a similar species distribution, were more varied spatially than those from the
Landfills Site. No single hot spot area was observed for all species collected.
Concentrations of analytes in tissues indicate that PCBs and pesticides are biologically
available, but that uptake occurs to differing degrees depending exposure route, feeding

behavior and preferences, and receptor lipid fraction.
Baseline Ecological Risk Assessment

BWLF
Based on the results of the BERA, the overall site-wide risk of an adverse effect on

burrowing birds is negligible. However, a low to moderate risk to burrowing birds was
identified from the maximum onsite concentrations or hot spots of the following CPECs:
benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, phenanthrene,
endrin aldehyde, PCBs, and 4,4’-DDE. CPECs detected in ground water at the BWLF
present a negligible risk to ecological receptors.

Landfills-Marine Environment

The results of the BERA indicate that the site-wide risk to benthic invertebrates, monk
seals, and sea turtles are negligible for all detected CPECs. This finding is supported by
the negative toxicity results of the bioassay performed on the sediment sample containing
the highest concentrations of CPECs; therefore, no adverse effects are expected for

benthic invertebrate communities. Although fish, invertebrate, and algal tissues contained
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detectable concentrations of many PCBs and pesticides, no adverse effects were observed
or predicted by the risk estimate (TQq). Low to moderate risks to seals and benthic
invertebrates were identified for some of the CPECs at the reasonable maximum exposure

(TQw) (i.e., ingesting prey with the highest concentrations of CPECs).

Inner Harbor-Marine Environment

No adverse effects on monk seals and green sea turtles in the Inner Harbor are expected
on the basis of the detected CPECs. Negligible risks to seals and turtles were identified in
the site-wide risk assessment; however, a low risk to seals was identified for the
reasonable maximum exposure of PCBs to seals. This is a result of elevated PCB

concentrations in herbivorous fish in the Inner Harbor.
Recommendations

BWLF
To reduce the possibility of an adverse effect on burrowing birds from the maximum

concentrations of the CPECs detected in soils onsite, the BWLF was covered with at least
2.5 feet of clean soil and revegetated. This soil cover will reduce the possibility that
burrowing birds (which burrow to a maximum depth of about 3 feet) will contact soil
within the landfill. No further investigation or action is recommended.

Landfills-Marine Environment

The large amount of underwater debris immediately adjacent to the BWLF may have been
a possible source of contaminants. A removal action completed in August 1996 focused
on removing potential sources in this area, as well as throughout the rest of the Landfill
Site. Because the potential contaminant sources have been removed, and because
negligible risk to target receptors was identified in the BERA, no further investigation or
action is recommended for the marine environment at the Landfills.

Inner Harbor-Marine Environment

The underwater debris that may have contained potential sources of contaminants was
removed from the Inner Harbor in August 1996. A sewer outfall that discharges to the
Inner Harbor is known to contain petroleum product; this outfall is currently scheduled to
be sealed. The petroleum product present in sewer lines leading to this outfall will be
removed and the lines cleaned to minimize recontamination. Because negligible risk to

ecological receptors was identified in the BERA and remedial actions are underway or
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have been taken to eliminate potential sources of contaminants, no further investigation or

action is recommended for the marine environment in the Inner Harbor.
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SECTION 1
INTRODUCTION

This document presents the results of a Remedial Investigation (RI) conducted at Naval
Air Facility (NAF) Midway Island on Midway Atoll. This RI was conducted in
accordance with the Remedial Investigation (RI) Sampling and Analysis Plan for Naval
Air Facility (NAF ) Midway Island (Ogden 1996a).

The RI was performed for the Pacific Division, United States Naval Facilities Engineering
Command (PACNAVFACENGCOM), under Comprehensive Long-Term Environmental
Action Navy (CLEAN) Contract Task Order (CTO) Number 0136.

NAF Midway Island was identified for closure by June 1997 pursuant to the Defense Base
Realignment and Closure Act (BRAC) of 1990 (Public Law 101-510). The signing of
Executive Order No. 11048 on November 7, 1996 completed the transfer of Midway from
the U.S. Navy to the U.S. Fish and Wildlife Service (USFWS). The USFWS intends to
continue use of Midway as a National Wildlife Refuge and, through a subcontractor,
develop an eco-tourism business there.

1.1 SITE DESCRIPTIONS

Midway Atoll is located approximately 1,100 miles northwest of Pear] Harbor, Hawaii, at
the northwestern end of the Hawaiian Island chain (Figure 1-1). The geographical
location of Midway 1s 28° 12" 35" N latitude, 177° 22' 47" W longitude. The atoll is a
coral reef, approximately 5 miles in diameter, and consists of two main islands, Sand and
Eastern, and several smaller islets. NAF Midway Island (hereafter referred to as Midway)
1s located on Sand Island, which has an area of approximately 1,200 acres. Eastern Island,
the smaller of the two main islands, comprises approximately 335 acres and is currently

uninhabited, although it was used extensively by the Navy in the past.

The four study sites addressed in this RI are on Sand Island. They include the Bulky
Waste Landfill ((BWLF] Installation Restoration [RI] Site 01), the Runway Landfill
([RLF] IR Site 02), the Abandoned Power Plant (Site 08), and the Inner Harbor (Site 99),
as 1llustrated in Figure 1-2. Although these site designations were also used in the Site
Inspection ([5:], Ogden 1996b), this RI focused not on site-specific investigations, but on
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a terrestrial investigation at the BWLEF, and marine monitoring in the Inner Harbor and
around both the BWLF and RLF (see Figure 1-3).

Terrestrial Investigation at the BWLF (Site 01)
»  Subsurface soil sampling

¢ Ground-water sampling

Marine Monitoring at Landfill Sites (Sites 01 and 02)
+  Marine tissue sampling (fish, algae, and benthic invertebrate)

e Sediment sampling

e Seawater sampling

Marine Monitoring at the Inner Harbor (Sites 08 and 99)

« Tissue sampling (fish and algae)

e Seawater sampling
1.2 PROJECT OBJECTIVES
The objectives of the RI were to
o Conduct a sampling program to evaluate the nature and extent of contamination.

e Assess potential contaminant transport pathways and potential receptor
populations on the basis of the identified contaminants and affected media.

o Perform a baseline ecological risk assessment (BERA) and assess risk to ecological

receptors.
e  Assess remedial options if remediation is considered warranted.
1.3 PROJECT HISTORY AND PREVIOUS INVESTIGATIONS

Information gathered during previous environmental investigations on Midway is reported

in the following documents:

o  Preliminary Assessment (PA), NAF Midway Island (ERCE 1991)
o Environmental Baseline Survey (EBS), NAF Midway Island (Ogden 1994a)
o Site Inspection (SI) Report NAF Midway Island (Ogden 1996b)
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¢ Dye Trace Study of Ground Water at the Bulky Waste Landfill (Site 01), NAF
Midway Island (Ogden 1996¢)

As a part of the ST (Ogden 1996b), Screening Ecological Risk Assessments (SERAs) and
Preliminary Human Health Risk Evaluations (PREs) were performed at each of the sites
investigated by this RI. The PREs determined that negligible risk to human health was
posed by the chemicals identified in environmental media at the Sites. A brief summary of
the SERA results for the RI sites 1s presented below.

Terrestrial Investigation at the BWLF - Site 01

Pesticides, polychlorinated biphenyls (PCBs), and metals were detected in tested
environmental media. SERA results indicated that risk to terrestrial wildlife from
exposure to these compounds in surface soil is minimal. However, moderate risk to
burrowing birds may develop when they burrow in subsurface soils and come in contact
with these compounds. A detailed RI of subsurface soil and ground water was

recommended.

Marine Investigation at Landfills - Sites 01 and 02

ST and SERA results indicated that benthic communities and monk seals may be at risk
from exposure to PCBs in marine sediments, seawater, and tissues, particularly in areas
adjacent to the northeast corner of the BWLF (Site 01). It was recommended that
potentially hazardous debris be removed from the marine environment (e.g. submerged
drums, vehicles, tanks, etc.) adjacent to the Landfills, and that additional marine sampling
be conducted to further evaluate risks to ecological receptors.

Marine Investigation at the Inner Harbor - Sites 08 and 99

Marine sediment samples contained concentrations of polynuclear aromatic hydrocarbons
(PAHs), lead, manganese, mercury, and PCBs. On the bases of the SERA results, it was
determined that PCBs are present at levels that could induce chronic effects in benthic
marine invertebrates. The SERA did not indicate a risk to monk seals; risk to sea turtles
was considered minimal as this species is generally excluded from the area due to lack of
food sources. It was recommended that potentially hazardous debris be removed from the
Inner Harbor and that storm drain/sewer outfalls terminating in the Inner Harbor be sealed
to eliminate discharges of potentially hazardous chemicals. Additional marine sampling
was also recommended to further evaluate risks to ecological receptors.
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SECTION 2
FIELD INVESTIGATIONS

This section describes the RI field program at NAF Midway Island, which was conducted
in two phases. The first phase, terrestrial sampling, was conducted between June 20 and
July 4, 1996. The second phase, marine sampling, was conducted from September 5
through September 26, 1996. All field work was completed by Ogden personnel. The
terrestrial field effort was also supported by the Navy Base Operations Support (BOS)
Contractor, Piquniq Management Corporation, Inc. (PMC), who provided land surveying
and heavy equipment services (rubber-tire backhoe and operator). The marine field effort
was assisted by personnel from the Navy Morale, Welfare, and Recreation (MWR)
department on Midway who provided a boat and fuel for the use of the Ogden divers.
Specific field activities are discussed below.

2.1 TERRESTRIAL INVESTIGATION

The terrestrial investigation was conducted at the BWLF, Site 01 from June 20 through
July 5, 1996. The field work involved subsurface soil and ground-water sampling.

2.1.1 Pre-Investigation Activities

Prior to the initiation of field sampling activities, a prework conference of personnel from
Ogden, the Navy, the USFWS, and PMC was held on Midway. During the conference,
the CTO 0136 RI Sampling and Analysis Plan (SAP) and Quality Assurance Project Plan
(QAPjP) requirements were reviewed, and field work logistics and personnel requirements
were coordinated. A “kick-off” health and safety meeting was also held for all field
personnel to review and sign the site-specific Health and Safety Plan (HSP). Field
sampling activities were coordinated with onsite USFWS personnel to minimize the
impact of intrusive field activities on wildlife and critical habitats.

2.1.2 Land Survey and Soil Sampling Layout

A land survey was conducted by PMC surveyors to lay out the sampling grid designed in
the SAP. The sampling grid consisted of a 150-foot square grid originating at monitoring
well MWOT at the northwest corner of the Site (Figure 2-1). As described in the SAP, a
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450,000 square foot sampling grid compartmentalized into 20, 150-foot square cells was
established across the BWLF. One sampling trench was randomly located within each
150-foot square cell for a total of 20 trenches. Based on the total area of the BWLF, the
20 sampling locations within the square grid created an estimated 90% statistical
probability of encountering a “hot spot” with a radius of 85 feet or greater if a sample is
collected from each trench (Gilbert 1987).

PMC surveyors located each node at the intersections of the grid and marked it with a
stake. The trench location within each grid cell was also located and marked.
Coordinates were referenced to the existing site maps prepared during the SI investigation
(Ogden 1996b).

Twenty trenches were planned for excavation at the Site. Following completion of the
land survey, some proposed trench locations were modified slightly due to the physical
conditions of the Site. Trenches that were located in areas inaccessible to the backhoe
because of waste and debris were relocated immediately adjacent to the debris area. Other
trenches were relocated based upon the judgment of the field manager to provide optimal

coverage of the Site. Figure 2-1 illustrates the proposed and actual trench locations.

An additional 26 test pits (small trenches typically 3-4 feet long by 2 feet wide by 3 feet
deep) were also excavated. The test pits were excavated at the intersections of the
sampling grid, in areas judged by the field manager to be potential contaminant sources, or
in areas that had not been investigated previously. Figure 2-2 illustrates the locations of
the trenches and test pits.

After excavating and sampling at each trench or test pit, the trench was backfilled to grade
and the location was marked with stakes. After all field sampling was accomplished, an
“as built” survey was conducted of the actual excavated trenches at the Site.

2.1.3 Subsurface Soil Sampling

Trenches

Twenty trenches were excavated at the locations illustrated in Figure 2-2. The trenches
were dug with a backhoe to depths of 4 to 6 feet below ground surface (bgs), lengths of
20 to 40 feet, and widths of 2 to 3 feet. Each trench was logged by the onsite geologist to

describe the soils, physical characteristics, and type of landfilled material encountered in
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accordance with procedure FP-C-1, Soil and Rock Classification (Ogden 1994b).
Appendix A presents the field trench logs and a geologic cross section of each trench
dlustrating the sample locations. The soils were visually examined and classified in
accordance with the Unified Soil Classification System (USCS).

All analytical soil sampling methods were used in accordance with procedure FP-C-2, Soil
Sampling (Ogden 1994b). Two soil sampling locations were selected from each trench on
the basis of visual observations (stained soil or other indication of potential contamination)
and/or elevated organic vapor analyzer (OVA) readings. In the absence of evidence of
contamination, the soil samples were collected from both ends of the trench to provide

maximum spatial coverage.

Generally each sample was collected using a stainless steel hand trowel and a clean,
disposable bucket liner. Undisturbed soil was collected from the side wall of the trench at
a depth of 3 to 6 feet bgs. The soil was placed in the bucket liner and homogenized. The
soil sample was divided after homogenization and one onsite (field test kit) and one offsite
(laboratory) analytical sample were collected from the homogenized soil at each location.
Forty-four laboratory soil samples (including four duplicate samples) and 46 field test kit
soll samples (including three duplicate samples) were collected from the trench locations.
The laboratory soil samples were placed in laboratory-supplied glass jars, labeled, and
placed in a cooler containing ice for shipment to the analytical laboratory subcontractor
(Ceimic Corporation of San Diego California). The field test kit soil samples were placed
in clean disposable plastic vials and analyzed for PCBs later that day using Ohmicron Field
Test Kits.

Test-Pits

Twenty-six test pits were excavated as illustrated in Figure 2-2. The majority of the test
pits were dug at the intersections of the sampling grid. Based on the onsite test results,
additional test pits were dug around monitoring wells MOIMWO03, MOIMWO04, trench
MOITS02, and test pit MO1TP11. Test pits were excavated to collect soil samples for
onsite analysis for PCBs using field test kits. The test pits were typically 3 feet deep and 4
feet long by 4 feet wide. A total of 32 test kit samples (including 1 duplicate sample) and
one laboratory sample were collected from the test pit locations.
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2.1.4 Equipment Decontaminaiion

To the extent feasible, dedicated or disposable sampling equipment was used to preclude
the need for equipment decontamination. Non-disposable equipment used during sample
acquisition was decontaminated in accordance with procedure FP-D-5, Equipment
Decontamination (Ogden 1994b). The backhoe bucket was decontaminated by steam
cleaning before trenching activities started, and between each trench or test pit. Overspray
was collected in a plastic-lined basin and bailed into 55-gallon drums.

Stainless steel hand trowels, sample sleeves, and mixing bowls were decontaminated by
this six-step process: (1) wash with Alconox detergent in purified water in a 5-gallon
bucket, (2) rinse with purified water in a 5-gallon bucket, (3) spray with isopropyl alcohol,
(4) rinse again with purified water in a 5-gallon bucket, (5) spray again with purified
water, (6) air dry in a clean 5-gallon bucket. Decontamination fluids were collected at the
end of each day in 55-gallon drums.

2.1.5 Ground-Water Sampling

One ground-water sample was collected from each of the five existing monitoring wells at
the BWLF (Figure 2-2). The wells were installed, developed, and sampled previously in
October, 1994,

Each monitoring well was purged and sampled in accordance with procedure FP-D-3,
Monitoring Well Sampling (Ogden 1994b). Prior to sampling, the wells were purged
using dedicated, 2-inch diameter submersible pumps to facilitate collection of ground-
water samples representative of the aquifer conditions. Measurements of the ground-
water temperature, pH, redox potential, dissolved oxygen, turbidity, and specific
conductance were recorded at regular intervals throughout the purging process. The
dissolved oxygen probe did not function properly due to the high chloride content of the
ground water. Purging continued until these parameters stabilized. Samples were
collected using the submersible pumps after well purging was completed and in
accordance with procedures FP-D-3, Monitoring Well Sampling and FP-F-2 Field QC
Samples (Water, Soil) (Ogden 1994b). Dedicated sampling pumps precluded the need for
sampling equipment decontamination. Copies of the ground-water purging and sampling
field logs are presented in Appendix B.
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A cooler containing the ground-water sample collected from monitoring well MWO1 and a
water performance evaluation (PE) sample was lost during shipment to the analytical
laboratory. The loss was not reported to Ogden until the field sampling crew had
demobilized from Midway. A duplicate sample had been collected from the same well,
however, and was received in good condition by the laboratory. Another PE sample was
obtained and submitted to the laboratory later in the project (see Section 2.5.3); therefore,

the overall objectives of the field sampling program were not adversely impacted.
2.2 MARINE INVESTIGATION

The marine investigations were conducted in the marine environment immediately adjacent
to the BWLE, the RLF, and in the Inner Harbor. To streamline sample labeling and data
management, Sites 01 and 02 were collectively referred to as the Landfills and Sites 08
and 99 were collectively referred to as the Inner Harbor (Figure 1-3). The marine
sampling phase was conducted from September 5 through September 26, 1996.

2.2.1 Pre-Investigation Activities

Prior to the initiation of field sampling activities, a prework conference of personnel from
Ogden, the Navy, the USFWS, and PMC was held on Midway. During the conference,
the SAP and QAPjP requirements were reviewed, and field work logistics and personnel
requirements were coordinated. A “kick-off” health and safety meeting was also held for
field personnel to review and sign the site-specific HSP and Dive Plan.

2.2.2 Marine Sampling Grid Layout

The sampling locations for marine samples were based on the grids illustrated in Figure 2-
3 for the Landfills and Figure 2-4 for the Inner Harbor. Ogden personnel set up and
marked the grids on the seawalls with waterproof paint and marked the grids in the water
with buoys. The Landfill grid cells were approximately 650 feet by 650 feet, while the
Inner Harbor grid cells were approximately 540 feet by 540 feet.

These locations were chosen to maximize spatial coverage of the Landfill and Inner
Harbor sites while also investigating potential sources of contaminants (e.g., marine debris

and sewer outfalls). Inner Harbor sampling stations were preferentially located away from

1-1019-0136 2-5



NAF Midway Island RI Report (Draft) Section No.: 2
Date: March 1997 Page: 6 of 16

the center of the harbor because very few organisms were observed in this area during the

previous ST sampling.

In accordance with the SAP, algal (Dictyota sp. or Halimeda opuntia), herbivorous fish
(Stegastes fasciolatus), invertebrate (urchin Echinometra mathaei) and sediment samples
were to be collected at each of the 12 Landfill stations. One additional sediment sample
was collected at Station 1 for bioassay analysis, as discussed in the SAP. Algae and
herbivorous fish were not collected at Station 10 (Figure 2-3) due to a paucity of
organisms. Adverse weather and poor water visibility conditions contributed to the
difficulty of sampling at this station. Subsequent to completion of the SAP, it was decided
to collect additional invertebrates (sea cucumbers, Holothuria sp.) at the stations
surrounding the BWLF (Stations 1, 8, 9 and 10). This was accomplished at all stations,
with the exception of Station 1, where no sea cucumbers were found despite an extensive
search of the area. Carnivorous fish (Mulloidichthys flavolineatus) and seawater samples
were collected at odd numbered stations as planned in the SAP (Figure 2-3). In the Inner
Harbor, algal, herbivorous fish, and invertebrate (urchin) samples were collected at each of

the 8§ stations; seawater samples were collected at odd numbered stations (Figure 2-4).
2.2.3 Reference Sampling

The SAP called for four reference stations to be located in Midway Atoll lagoon. Due to
logistics, patchiness of organisms, difficulty in locating sufficient quantities of the desired
species, and adverse weather conditions, reference samples were collected at five stations
in the lagoon, as illustrated in Figure 2-5. Four reference samples consisting of algae,
herbivorous fish, invertebrates (urchins) and sediment were to be collected; this was
generally accomplished except that algae was not present at reference Station 01
(Figure 2-5). Dangerous water conditions at reference Station 03 precluded the collection
of tissue samples; therefore, an alternate Station 03 was established in a calmer location
(Figure 2-5). Two reference samples consisting of carnivorous fish and seawater were
collected from the lagoon as planned. Four invertebrate (sea cucumbers) reference
samples were collected in addition to the samples planned in the SAP.

2.2.4 Marine Sediment Sampling

Eighteen sediment samples, including two duplicates were collected during the RI at the
Landfill and reference sites (Figures 2-3 and 2-5). Two additional sediment samples,
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including one duplicate, were collected at Landfill Grid 01 for toxicity testing. Marine
sediments were collected by divers in accordance with procedure FP-C-5, Subaqueous
Sediment Sampling (Ogden 1994b). The divers pushed a 6-inch long by 2-inch diameter
acetate tube (already sealed at one end with a Teflon liner sheet and a plastic end cap)
horizontally across the sediment surface (within the top 6 inches) until filled. After being
filled, the sample tube was brought to the surface, where excess seawater was decanted.
The open end of the sample tube was then covered with a Teflon liner sheet and plastic
end cap; the caps were then taped in place. The sample tube was then labeled and placed
in a cooler with frozen blue ice. Upon returning to the field office, the samples were
stored in a dedicated refrigerator until being shipped to the analytical laboratory for
chemical analysis. Duplicate sediment samples were obtained by homogenizing and

splitting sediment collected from one location into two or more sample tubes.
2.2.5 Marine Seawater Sampling

Seven seawater samples, including one duplicate, were collected from the Landfill sites;
five samples, including one duplicate, were collected from the Inner Harbor; and three
samples, including one duplicate, were collected from the reference sites (Figures 2-3, 2-4,
and 2-5).

Seawater was collected in accordance with procedure FP-C-4, Surface Water Sampling
(Ogden 1994b). Divers collected water samples at mid-depth in the water column
(generally at three to four feet below the surface). Sample bottles were taken to the
desired depth while capped, then opened, filled, and recapped before returning to the
water surface. Upon reaching the surface, the samples were labeled and placed
immediately in a cooler with frozen blue ice. Upon returning to the field office, the
samples were stored in a dedicated refrigerator until being shipped to the analytical

laboratory for chemical analysis.
2.2.6 Marine Tissue Sampling

Ninety-six tissue samples, including 12 duplicates, were collected from the Landfills, Inner
Harbor, and reference sites during the RI. Tissue samples were collected by divers in
accordance with procedure FP-E-3, Biological Tissue Sample Collection (Ogden 1994b).
Tissues consisted of fish, alga, and invertebrate samples. They were collected in sufficient
quantity to meet the biomass requirements of the analytical laboratory for the chemical
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analyses (at least 100 grams). Tissue samples were collected either by hand or with
collection spears (fish only). After collection, alga, fish, and invertebrate tissue samples
were immediately placed in labeled, 1-gallon resealable plastic Ziploc® bags and placed in a
cooler with frozen blue ice. Upon returning to the field office, each bag with tssue
samples was double-bagged and labeled, then frozen in a dedicated sample freezer until
shipment to the analytical laboratory.

The divers collected the algal samples by hand while wearing disposable nitrile gloves.
Algal species collected were Dictyota sp. (brown algae) and Halimeda opuntia (green
algae). These species were selected because of their presence at sampling stations and

because they may be eaten by either fish or sea turtles.

The divers collected fish by spearing while wearing disposable nitrile gloves. The
damselfish (Stegastes fasciolatus) found at all collection stations, was the herbivorous fish
preferred for collection. Typically, four to seven individuals were collected per sample.
The goatfish (Mulloidichthys flavolineatus), found at all sampling stations, was the
carnivorous fish preferred for collection. Typically, at least three individuals were

collected per sample.

The divers collected the invertebrate samples by hand while wearing disposable nitrile
gloves. The sea urchin Echinometra mathaei was the preferred invertebrate sampled at all
sites; sea cucumbers (Holothuria sp.) were collected at three grid locations at the Landfills
and four reference stations. An octopus (Octopus sp.) was collected at one Landfill grid

location and one reference station.
2.2.7 Equipment Decontamination

Disposable nitrile gloves were the primary sampling device used by the divers. Acetate
sleeves, plastic end caps, and steel mixing bowls used for sediment sampling were
decontaminated prior to use by the six-step process outlined previously in Section 2.1.4.
Following decontamination, the sleeves, caps, and bowls were stored until use in a sealed
cooler lined with clean plastic. Collection spears used for fish sampling were cleaned with
1sopropyl alcohol and purified water between sampling events.
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2.3 INVESTIGATION-DERIVED WASTE (IDW) MANAGEMENT

IDW generated during the RI consisted of purged ground water, decontamination fluids,
used personal protective equipment (PPE), and used disposable sampling equipment. All
decontamination fluids and purged ground water generated during the RI were placed into
Department of Transportation (DOT) approved 55-gallon drums. These were labeled,
placed on wooden pallets, and stored in a bunker for later disposal pending evaluation of
analytical data, in accordance with Management of Investigation-Derived Wastes During
Site Inspections (USEPA 1991). Used PPE and disposable sampling equipment was
decontaminated as necessary and placed in the Midway municipal landfill for incineration
and burial. Appendix C contains a list of all IDW generated to date during all phases of
field work on Midway.

2.4 SAMPLE HANDLING, LABELING, AND MANAGEMENT

All sample naming, sample handling, and sample labeling were performed in accordance
with procedures FP-B-10, Sample Naming; FP-F-6, Record Keeping, Sample Labeling,
and Chain-of-Custody,; and FP-F-7, Sample Handling, Storage, and Shipping (Ogden
1994b). The following sections briefly describe the specific sample-naming conventions

and sample management procedures.
2.4.1 Sample Handling and Labeling

Samples collected for chemical analysis were tracked using two identification (ID)
systems. The first system, referred to as an EPA sample ID number, consisted of two
letters followed by three numbers. It was intended to identify each sample by a unique
number that would give the laboratory no information about its origin. The two letters for
the Rl investigation sites were MA (M - Midway, A - background or reference sites); MC
(C - Site 01, Bulky Waste Landfill)y MV (V for Inner Harbor sites). Samples were

generally numbered consecutively in the order collected.

The second sample ID system, referred to as the Ogden ID number, was designed as a
code for specific information about the sample type, location, and matrix. This code
enables rapid querying of the electronic database for information about specific sample

types. This systemn is illustrated by the following example of a subsurface soil sample:
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MO1-TS03-801-D2.5

where:

MO1  identifies the Midway project and the two-digit Midway IR Site number

TS is the type of sample and matrix (see Table 2-1)

03 is the sample location number or marine grid location number

S01  is the chronological sample number from a particular sampling location (for
marine tissue samples this designator identified various marine species as
shown in Table 2-1)

D2.5 indicates depth in feet bgs to the nearest tenth of 1 foot.

For example, the first soil sample, collected at a depth of 2.5 feet from the third trench at
the BWLF (Site Ol), is designated MO1-TS03-S01-D2.5. Duplicate samples were
designated by a “D.” For example, a duplicate of the above sample would be named
“MO1-TS03-D01-D2.5.”

Samples were placed in the appropriate containers and labeled immediately after
collection. The following information was recorded on the sample labels using a
waterproof marker:

» Project name and location
* Project number

s Sample designation ID

¢ Date and time of collection

* Analyses to be performed
2.4.2 Sample Storage, Custody, and Shipment

Samples were collected in containers as follows:

e Soil and marine sediment — 6-inch by 2-inch acetate sleeves capped with Teflon and
plastic end caps or wide mouth glass jars with Teflon lids

¢ Ground water and seawater — 1 liter amber glass bottles

e Marine tissue — 1-gallon Ziploc® bags (double) or 32-ounce wide mouth glass jars
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Table 2-1
SAMPLE TYPE AND MATRIX
NAF MIDWAY ISLAND RI

Identifier Sample Type Matrix
TS Trench Soil Soil
TP Test Pit Soil Soil
MW Monitoring Well Water
SW Seawater Water
MS Marine Sediment Sediment
EW Sediment Elutriate Water
MT Marine Tissue Tissue

Marine Tissue Designations

MTxx-501 Invertebrate Urchin
MTxx-502 Fish Herbivorous
MTxx-S03 Open Open
MTxx-504 Fish Carnivorous
MTxx-S05 Algae Brown Algae
MTxx-S06 Algae Green algae
MTxx-S07 Invertebrate Sea Cucumber
MTxx-S08 Invertebrate Octopus

Note: xx = Sample location no.

After collecting and labeling the samples, they were immediately placed in coolers with

frozen blue ice for transport to the Ogden field office where they were stored in a

dedicated sample refrigerator or freezer (marine tissue only) until being packed for

shipment to the laboratory.

1-1019-0136
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Upon delivery of the samples to the field office each day, sample information was
immediately logged into a field chain-of-custody (COC) logbook and entered into an
electronic COC database. The COC database consisted of the EPA and Ogden IDs,
sample matrix, collection date and time, requested analyses, and comments as necessary.

Because Midway 1s visited only once per week by a U.S. Air Force cargo plane, the
samples were stored in the dedicated refrigerator/freezer until the scheduled day of the
cargo flight. On that day, the samples were packed into coolers with frozen blue ice and
plastic bubble wrap to minimize container breakage. The COC form was signed and
placed in the cooler, and the cooler was sealed with tape and signed COC seals to enable
detection of tampering. Ogden personnel then accompanied the coolers on the Air Force
flight from Midway to Hickam Air Force Base, Hawaii where the coolers were processed
through customs and agricultural inspections.

Once in Hawaii, the coolers were delivered to either DHIL. or Federal Express for
overnight shipment to the analytical laboratory. In some cases, when the Air Force flight
was delayed or arrived in Hawaii too late to meet the delivery deadline for overnight
shipment, the coolers were opened and the blue ice was refreshed to maintain preservation
temperatures; the COC form was then signed and the coolers were resealed with new tape
and COC stickers prior to delivery to the overnight shipper. The samples were always in
the custody of Ogden personnel until they were relinquished to the overnight shipper for
delivery to the laboratory.

2.5 FIELD QUALITY CONTROL SAMPLES

Field guality control (QC) samples coliected during the project included field duplicates,
equipment rinsates, field blanks, and PE samples, as shown in Table 2-2. Field QC
samples were collected in accordance with Naval Energy and Environmental Support
Activity (NEESA) Level D QC requirements and procedure FP-F-2, Field QC Samples
(Ogden 1994b). A summary of specific field QC samples is provided below.

2.5.1 Duplicate Samples

Duplicate samples of all matrices were collected at a frequency of at least one for every
ten samples collected (10%). The locations from which the duplicate samples were

collected were randomly chosen. Soil and sediment duplicates were homogenized and
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split (replicates); water and tissue duplicate samples were collected concurrently at the
same location.

Table 2-2
FIELD QC SAMPLE
REMEDIAL INVESTIGATION
NAF MIDWAY ISLAND

Identifier

QC Sample Type

Description

Mxx-TSyy-Dzz

Mxx-MWyy-Dzz

Soil Duplicate

Ground-Water Duplicate

Homogenized Split

Collocated Duplicate

Mxx-SWyy-Dzz Seawater Duplicate Collocated Duplicate
Mxx-MSyy-Dzz Sediment Duplicate Homogenized Split
Mxx-MTyy-Dzz Tissue Duplicate Collocated Duplicate
Mxx-QWyy-Ezz Equipment Rinsate Purified Water
Mxx-QWyy-Fzz Field Blank Purified Water
Mxx-PWyy-Szz Performance Eval. Water Blind Spike Water
Mxx-PSyy-Szz Performance Eval. Soil Blind Spike Soil
Mxx-EWyy-Dzz Sediment Elutriate Duplicate Elutriate Water

Notes: xx = IR Site Designation
yy = Location Designation

zz = Sample Number Designation

2.5.2 Field Blanks and Equipment Rinsate Samples

A temperature blank consisting of a sealed 40 milliliter (ml) vial containing purified water
was included in each sample cooler when the cooler was packed on Midway. The

analytical laboratory was instructed to measure the temperature of the blank immediately
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upon receipt of the coolers to determine if the cooler temperature was within acceptable
QC limits.

One field blank consisting of the purified water used for equipment decontamination was
collected at the start of both terrestrial and marine field activities. The blank sample was
analyzed for the same parameters as the samples being collected. The field blanks were
taken from the water source (i.e., purified bottled water) used to generate the equipment
rinsate sample. An equipment rinsate sample was collected every other sampling day.
Rinsate samples were collected by pouring purified water over decontaminated sampling
equipment (e.g., hand trowels, acetate tubes, collection spears) and collecting the water in
sample bottles to be analyzed for the same parameters as the samples being collected.

2.5.3 Performance Evaluation Samples

Soil and water PE samples (one each) were disguised as field samples in accordance with
procedure FP-F-8, Performance Evaluation Samples (Ogden 1994b). The soil sample
was submitted along with other soil samples to Ceimic Corporation laboratory near the
onset of the terrestrial sampling event and analyzed for the analytes of concern. The
results from the soil PE sample were used to assess the overall laboratory accuracy for
each class of compounds.

A water PE sample was submitted along with ground-water samples to Arthur D. Little
laboratory. The cooler containing the ground-water and PE samples was lost by the
overnight shipper. As stated previously in Section 2.1.5, the ground-water sample was
replaced by a duplicate sample. A new water PE sample was procured and submitted to

the laboratory along with seawater samples at the onset of the marine sampling phase.
2.6 ANALYTICAL PROGRAM

Potential contaminant compounds identified from the SI and SERA included
organochlorine pesticides, PCBs, and semivolatile organic compounds (SVOCs). Table 2-
3 summarizes the RI analytical plan, listing all samples collected and the analyses
performed on each. Soil samples collected at the BWLF for offsite chemical analysis were
analyzed by Ceimic Corporation of San Diego, California. All ground-water, seawater,
sediment, and tissue samples for chemical analysis were analyzed by Arthur D. Little, Inc.
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of Cambridge, Massachusetts. Sediment samples for toxicity testing were analyzed by
Ogden Bioassay Laboratory in San Diego, California.

Soils were analyzed using the following methods to evaluate the presence of contaminants
of concern:

e EPA Contract Léboratory Program (CLP) Method OLMO03.1B for SVOCs using gas
chromatography and mass spectrometry (GC/MS)

¢ CLP Method OLMO03.1P for Organochlorine Pesticides and PCBs using GC with an
electron capture detector (ECD)

Ground water, seawater, sediments, tissues, and sediment elutriate were analyzed using

the following methods to evaluate the presence of contaminants of concern:

¢ National Oceanic and Atmospheric Administration (NOAA) National Status and
Trends Program Method STIV141A for Low Detection Level SVOCs using GC/MS

¢ NOAA National Status and Trends Program Method STIV141C for Low Detection
Level PCBs using GC/ECD

¢ NOAA National Status and Trends Program Method STIV141E for Low Detection
Level Organochlorine Pesticides using GC/ECD

e CLP Method TLMO03.0 for 23 Metals using inductively coupled argon plasma (ICAP)

and flame atomic adsorption (sediment elutriate only)

» Toxicity testing of marine sediment using echinoderm development bioassay protocols
by Puget Sound Estuary Program (PSEP) (PSEP 1991)

2.7 DEVIATIONS FROM PLANNED FIELD ACTIVITIES

Several minor deviations from the SAP occurred during the RI. As described in Section
2.1.2, some trench locations were modified because of conditions encountered in the field
and/or the judgment of the field manager. An additional 26 test pits were excavated to
provide increased coverage of the BWLF in areas not investigated by the trench sampling.
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The marine sampling plan for sediments and seawater was implemented generally as
described in the SAP. Marine tissue samples of algae and herbivorous fish (see Section
2.2.2) were not collected from Station 10 near the BWLF due to an absence of these
organisms. At reference Station 03 dangerous ocean conditions precluded collection of
tissue samples, so an alternate sampling station was established at a calmer area within the

lagoon.
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SECTION 3
PHYSICAL CHARACTERISTICS

The following sections summarize the physical characteristics of the RI sites. The

information presented was obtained from the current RI as well as previous investigations.
3.1 PHYSIOGRAPHY AND CLIMATE

Although no topographic map exists for Midway Atoll, a visual inspection indicates that
the islands are generally flat and low lying. The only relief on Sand Island are low hills
and dunes, none of which rise more than 45 feet above mean sea level (MSL) and many of
which are man-made. The average elevation of Sand Island is approximately 10 feet
above MSL.

Because of its low profile and small size, Midway Atoll has no effect on its own climate;
rather the climate is that of the surrounding ocean environment. The mean monthly
temperature ranges from 65°F to 78°F, with a mean annual temperature of 72°F. The
mean relative humidity is 76 percent. The mean annual rainfall is 42 inches
(PACNAVFACENGCOM 1985).

East-northeasterly trade winds, averaging about 10 knots, predominate from March
through November, and are generally accompanied by fair weather., From November
through February, the weather can be quite variable, ranging from southwesterly winds
accompanied by rain and squalls, to gale-force northwesterly winds. Midway lies well
north of normal hurricane areas and has not been struck by a hurricane in recorded history
(PACNAVFACENGCOM 1985).

3.2 TERRESTRIAL ENVIRONMENT (SITE 01)

Site 01, the BWLF, is a man-made peninsula and groin first built in the late 1950s to
protect the south shoreline of the Sand Island runway from erosion. As the peninsula
grew seaward by the dumping of trash, bulky metal wastes, salvaged vehicles,
construction debris, and scrap material, a beneficial effect of reduction of strong cross-
lateral currents in the ship entrance channel (Figure 1-1) was noticed. Beginning in about
1969 the landfill was extended all the way to the fringing reef (PACNAVFACENGCVOM
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1969). By 1985, the landfill was approximately 1,000 feet long, by 300 feet wide, by 23
feet high. Runway 6-24, located north of the landfill, was out of compliance with Navy
regulations because obstructions within 750 feet of the runway center line are prohibited.
In 1985, the Navy received approval to level and grade the landfill. As a result, the landfill
was lengthened and widened and concrete rip-rap was placed around the three sides of the
landfill exposed to the ocean.

Flammable materials such as gasoline, off-specification fuels (JP-5, motor gasoline
[MOGAS], etc.), sludge from the cleaning of active fuel storage tanks, waste oil,
kerosene, and non-halogenated cleaning solvents were formerly burned in a partially
buried, 15-foot diameter by 10-foot deep steel burn tank located at the southern end of the
BWLFE. Other burning operations were conducted periodically at the BWLF to incinerate
wooden debris and vegetation. The burn tank was removed by the Navy Remedial Action
Contractor (RAC) in late 1995 and the BWLF was operationally closed in March 1996,

3.2.1 Topography

The BWLF is an artificial peninsula about 1,210 feet long and 320 feet wide, extending
from the south side of Sand Island adjacent to Runway 6-24. The Site is protected from
the sea by a concrete rip-rap barrier, and is approximately level with the adjacent runway
at 4 to 7 feet above MSL.

3.2.2 Geology, Soils , and Hydrogeoclogy

During the 1994 ST field investigation, four exploratory geologic soil borings were drilled
to depths of 15 to 16 feet bgs and completed as monitoring wells. A fifth monitoring well
was completed in the northeast corner of the site in 1995. Information on the deeper
subsurface can be found in the SI report (Ogden 1996b). During the RI, 20 trenches and
26 test pits were excavated to a depth of 4 to 6 feet bgs for collecting subsurface soil
samples. A description of the subsurface soils and materials observed in the trenches and
test pits, follows.

Because the BWLF is a man-made peninsula, all material encountered was fill. The
lithology from the ground surface to approximately six feet bgs is calcareous sand, well
sorted, fine- to medium-grained, pale yellow (Munsell color 2.5Y 7/3), dry, loose, and

subrounded to rounded. In several of the trenches brownish gray sand was encountered
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from two to four feet bgs. During trenching, miscellaneous landfill debris were observed,
including copper wire, steel piping, sheet metal, auto parts, housing material, decomposed
drums, wood, and glass. Geologic trench logs and a cross section of each trench are

presented in Appendix A.

Ground water observed in the five monitoring wells installed at the BWLF exists under
unconfined conditions within the calcarcous sand formation. The observed water table
level in the five wells ranged from 0.69 to 1.22 feet above mean low low water (MLLW),
or 4 to 5 feet bgs. The ground-water table was observed to vary in response to tidal

fluctuations.

A dye trace study was conducted from November 1995 through January 1996 at the
BWLF (Ogden 1996c). Hydrogeologic and tidal monitoring data were collected at this
time to evaluate the ground-water gradient and elevations. Tidal variations in ground-
water levels were averaged to calculate a mean hydraulic gradient, where the mean (time-
averaged) gradient is a function of the difference between the mean hydraulic head in the
wells and the mean tide along the shoreline. The gradient was calculated to be 0.0006 feet
(ft)/ft generally in a seaward direction. The hydraulic conductivity (K) was estimated
based on tidal lag and tidal efficiency. The average K estimated by this method was 17.0
ft/day. Using this value, an average ground-water pore velocity was calculated at 0.04
ft/day.

3.3 MARINE ENVIRONMENT (SITES 01, 02, (8, 99)

The marine investigations were divided into two areas. One area extends along the BWLF
and the RLF (Sites 01 and 02). This area is collectively referred to as the Landfill Sites
(Figure 2-3). The second area is referred to as the Inner Harbor (Figure 2-4), which
includes the two sites in the Inner Harbor (Sites 08 and 99). The characteristics of the

marine environment at these sites are briefly described below.
3.3.1 Landfill Sites (Sites 01, 02)

The marine environment on the eastern side of the BWLF peninsula differs considerably
from that on the western side. The eastern side of the peninsula is characterized by the
presence of a large amount of debris. Potentially hazardous material containing debris

(intact drums, cylinders, vehicle engines and chassis, etc.) was removed by the Navy RAC
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contractor in August 1996, prior to the initiation of marine sampling activities (OHM
1996a). A small tug boat and barge are grounded at the eastern shoreward corner of the
peninsula. Numerous deteriorated drums, vehicle parts and other debris are located within
100 yards (yds) east of the shoreward two thirds of the peninsula. The natural substrate
on the eastern side includes areas of sand, scattered coral rubble on sand, patches of coral
rubble, and small areas of flat limestone pavement with scattered heads of the coral
Pocillopora meandrina.

In contrast, few debris were present on the sea floor on the western side of the peninsula.
The inshore area on the western side is covered nearly 100 percent by sand with a few
limestone rocks that supported a thick layer of the tube-building polychaete
Pseudopolydora sp. The bottom of the offshore area is composed of flat limestone

pavement, reef, and coral rubble.

The marine environment along the south shore of the RLF is bordered by sheetpiling
exposed to the sea and swells. Metal debris of varying size was observed all along the
south side of the landfill close to the sheetpiling. Sand with patches of hard substrate
occurs near the sheetpiling, while large sand areas predominate further away. There are

scattered patch reefs between the sheetpiling and the outer atoll reef.
3.3.2 Inner Harbor Sites (Sites 08, 99)

The Inner Harbor is about 2,000 feet long (east-west) and 1,500 feet wide (north-south)
(Figure 1-3). The central portion is approximately 35 feet deep. The sea floor in this area
consists of fine silt and clay. Since the Inner Harbor is man-made, it constitutes a
disturbed environment. Potentially hazardous material containing debris (batteries, intact
cylinders, vehicle engines and chassis, etc.) was removed from the Inner Harbor by the
Navy RAC contractor in August 1996, prior to the initiation of marine sampling activities
(OHM 1996a).

The substrate was comprised of 50 percent sand and 50 percent rubble mixed with sand,
with coral rubble and outcroppings. The substrate was located in a 50-foot wide band
along the quay wall (depth from about 10 to 16 feet). Approximately 50 feet away from
the seawall, the bottom sloped steeply into the harbor reaching a depth of about 35 feet.
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Small amounts of various types of metal debris were scattered around the perimeter of the
entire harbor. A seawater intake pipe from the abandoned power plant (Site 08) and an
old sewer line (Site 25 outfall 6) are located in the northwestern and southwestern ends of
the Inner Harbor, respectively (Figure 2-4). The northern side of the Runway Landfill
(Site 02) borders the Inner Harbor.

3.4 NATURAL RESOURCE FEATURES
3.4.1 Terrestrial Environment

The BWLF is sparsely vegetated with non-native herb habitat dominated by golden crown-
beard (Verbesina encelioides) with some small ironwood trees (Casuarina equisetifolia)
in the central western portion of the peninsula. Small areas of disturbed habitat, coastal

strand vegetation, and sandy beach are also found on, or adjacent to, the Site.

Several migratory bird species commonly nest onsite including Laysan albatross
(Diomedea immutabilis), black-footed albatross (Diomedea nigripes), red-tailed
tropicbird (Phaethon rubricauda), Bonin petrel (Pterodroma hypoleuca), wedge-tailed
shearwaters (Puffinus pacificus), and the Pacific golden-plover (Pluvialis fulva). White
terns (Gygis alba) are often seen gliding over the landfill. Due to the exposed nature of

the landfill, seabird nesting densities are lower here than on most open habitat on island.
3.4.2 Marine Environment

Landfills

The marine environment on the eastern side of the BWLF has a diverse marine
community. Large schools of small fish, primarily Hawaiian flagtail (Kuhlia sandvicensis),
swam in the area around the sunken barge. The rip-rap areas had moderate densities of
territorial Pacific damselfish (Stegastes fasciolatus) and several species of surgeonfish
including convict tang (Acanthurus triostegus), whitebar surgeonfish (A. leucopareius),
and bluelined surgeonfish (A. nigroris). The sand and coral rubble areas away from the
rip-rap had occasional schools of several species of goatfish and butterflyfish. A
filamentous brown alga (Giffordia breviarticulata) was common on the rip-rap. The
small brown algae (Dictyota sp.) and the calcareous green alga (Halimeda opuntia) were
also observed in limited numbers along the eastern side of the landfill. Common
invertebrates encountered were the small polychaete Pseudopolydora sp.; its sard-covered
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tubes formed a thick turf on hard substrate in the inshore area. Small heads of the corals
Pocillopora meandrina and P. damicornis occurred occasionally on hard substrate in the
area. The most abundant invertebrate was the sea urchin Echinometra mathaei.

The western side of the BWLF and along the southern side of the RLF was more sparsely
inhabited than the eastern side of the BWLFE, Small heads of the coral Pocillopora
damicornis were present but the most common invertebrate was the sea urchin
Echinometra mathaei. Common algal species present away from the rip-rap were brown
alga Padina spp. and the calcareous green alga Halimeda opuntia. In deeper water,
patches of Dictyora sp. were common. Fish were found primarily along the rip-rap and
over the offshore reef areas. Most commonly encountered were several species of
surgeonfish, Pacific damselfish, sea chubs (Kyphosus spp.), and flagtails (Kuhklia spp.) near
the rip-rap, reefs, and seawall, and yellowstripe goatfish (Mulloidichthys flavolineatus)
over the sand. Hawaiian monk seals (Monachus schauinsiandi) and green sea turtles

(Chelonia mydas agassizi) were often observed all around the Landfills Site.

Inner Harbor

Within the harbor, more species of corals (Pocillopora damicornis; P. meandrina; Porites
compressa; P. lobata) were present on the eastern portion of the quay wall, than at the
western portion of the harbor. The attached bivalve Chama iostoma and the sea urchin
Echinometra mathaei were on the quay wall at both locations. Adjacent to the coral
rubble and debris zone and away from the quay wall, dense beds of the seagrass Halophila
ovalis, the green alga Caulerpa sp., and the small brown alga Dictyota sp. were comumon.
The soft substrate in this area was characterized by numerous burrows probably inhabited
by snapping shrimp (alpheids) and mantis shrimp (stomatopods).

The most common fish observed within the harbor were hawkiish (Cirrhitops spp.),
damselfish (Dascyllus spp., Stegastes spp.), moray eel (Gymnothorax spp.), gobies
(Psilogobius spp.), and wrasse (Thalassoma spp.). Pacific green sea turtles were
observed on numerous occasions throughout the harbor.

3.4.3 Sensitive Habitats

Terrestrial
Along the coastal strand of Sand and Eastern Islands dune-building plant species (naupaka
[Scaevola sericea] and tree heliotrope [Tournefortia argentea]) have been substantially

1-1019-0136 3-6



NAF Midway Island RI Report (Draft) Section No.: 3
Date: March 1997 Page: Tof7

reduced. Shading from ironwoods and grazing by herbivorous rats have had a major
Impact on this community. When dune-binding plants are eliminated, beach erosion
usually increases. A coastal strand community, subject to erosion, exists to the west of the
BWLF.

Marine

Under the Endangered Species Act (ESA), all of Midway Atoll, except Sand Island and its
harbor, are designated critical habitat for Hawaiian monk seals. This applies to ““all beach
areas, sand spits and islets, including all beach crest vegetation to its deepest extent inland,
lagoon waters, inner reef waters, and ocean waters out to a depth of 20 fathoms.”

3.4.4 Sensitive Wildlife

Terrestrial

Wildlife represented on Midway Atoll include seabirds that are federally protected under
the ESA or Migratory Bird Treaty Act (MBTA). Most nest directly on the ground.
Migratory bird species known or expected to be present at the BWLE, including Laysan
albatross, black-footed albatross, red-tailed tropicbird, Bonin petrel, wedge-tailed
shearwaters, and the Pacific golden-plover.

Marine

Threatened green sea turtles and the endangered Hawaiian monk seal are known to
frequent the waters of both the Landfill Sites and the Inner Harbor, Seals have been
observed hauled out on the beach to the west of the BWLF, as well as on the boat ramp of

the Inner Harbor.

Endemic to the Hawaiian Island archipelago, endangered Hawaiian monk seals are found
at Midway in small numbers throughout the year. The seals forage in shallow water
around the islands, haul out on sandspits and beaches around the atoll, and pup on
permanent sand islets or beaches above high tide. A recent population estimate for
Necker, Nihoa, and Midway Atolls combined is 131 individuals (Ragen 1993). The seal
population at Midway was found to have declined significantly from previous years, and

shows no signs of recovery (Ragen 1993).
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SECTION 4
NATURE AND EXTENT OF CONTAMINATION

This section presents the results of laboratory analyses of the subsurface soil and ground-
water samples collected from the terrestrial environment, and of the seawater, sediment,
and tissue samples collected from the marine environment. The analytical results are
keyed to the sample identification system described in Section 2.4. Undetected
concentrations in all tables are represented by the sample quantitation limit (SQL). For
summary figures in this section, undetected sample concentrations were included in the
sum as one half the SQL. The tables in Appendix D summarize the complete analytical
data packages from the Ceimic laboratory for the soil samples. Appendix E contains
tables from the Arthur D. Little laboratory, summarizing the low-level analyses.
Validation reports for all analytical data are presented in Appendix F.

4.1 SUMMARY OF ANALYTICAL RESULTS - TERRESTRIAL INVESTIGATIONS

Analytical results for SVOCs, pesticides, and PCBs in soil are summarized in Table 4-1,
Table 4-2 summarizes the results of soil samples screned for PCBs using Ohmicron®
field test kits. The table presents concentrations detected in three ranges: less than 0.5
milligrams (mg)/kilogram (kg), 1.0 to 25.0 mg/kg, and 25.0 to 100.0 mg/kg. The field test
kits were calibrated to an Aroclor-1254 standard. The results of analyses for SVOCs,
pesticides, and PCBs in ground water are summarized in Table 4-3. These threc tables
present the results by laboratory method and analyte, and list the total number of samples
collected, the number of samples with detected concentrations, the number of samples
rejected during data validation, the minimum and maximum concentrations detected, and

the Ogden sample ID for the sample with the maximum detected concentration.
4.1.1 Subsurface Soils

Forty-one subsurface soil samples and four duplicate samples were collected from the
BWLF. Subsurface soil sampling was used to identify potential sources of contamination
that may pose a risk to seabirds.
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4.1.1.1 Semi-volatile Organic Compounds

SVOCs were detected in less than two-thirds of the soil samples (Figure 4-1).
Fluoranthene and pyrene were the SYOCs most commonly detected. Moreover, these
SVOCs were detected at the highest concentrations, 19,000 micrograms (ug)/kg for each
analyte, at trench location TS03501 (Table 4-1). The majority of the maximum SVOC
concentrations were reported in TSO3. In general, concentrations in the other trenches
were lower than those in trench TS03. The geometric mean concentration for each SVOC
was less than 1,000 pg/kg.

4.1.1.2 Organochlorine Pesticides

The most frequently detected organochlorine pesticides were 4,4’-DDT, 4,4’-DDE, and
4,4°-DDD (Figure 4-2). A maximum concentration of 400 pg/kg of 4,4-DDD was
detected at trench location TS03 (Table 4-1). A maximum concentration of 480 pg/kg of
4,4'-DDE was detected at trench location TSOI (Table 4-1). A maximum concentration of
890 pg/kg of 44-DDT was detected at trench location TS03 (Table 4-1). With the
exception of DDT and its metabolites, organochlorine pesticides were detected in fewer
than 40 percent of the samples. The geometric mean concentration for each pesticide was
less than 10 pg/kg.

4.1.1.3 PCBs

PCBs were reported in concentrations ranging from non-detect to 19,000 pg/kg (Figure
4-2). Thirty-nine samples reported PCB concentrations above 100 pg/kg; 1 sample
contained Aroclor-1248, 4 samples contained Aroclor-1254, and 34 samples revealed
Aroclor-1260. The maximum concentration of Aroclor-1260, 19,000 ng/kg, was detected
in a soil sample taken from test pit location TP11 (Table 4-1). The maximum
concentration of Aroclor-1254, 3,200 pg/kg, was detected at trench location TS01S01
(Table 4-1). The geometric mean for Aroclor-1260 onsite was less than 600 pg/kg.

Concentrations of Aroclor-1260 varied throughout the Landfill as shown by the Thiessen
polygons in Figure 4-3. The highest concentrations of Aroclor-1260 were identified in the
northern half of the landfill. Thiessen polygons are created by connecting every sample
point to its nearest neighbor and then bisecting those lines at 90°. These bisecting lines are
connected at the points where they intersect thus creating polygons. The polygons
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estimate area-distributed concentration ranges, concentrations ranges that are represented

by different colors.
4.1.1.4 Field Test Kit Results

Forty-four soil samples and three duplicate samples were collected from the trenches, and
32 soil samples and one duplicate sample were collected from the test pits for testing
using Ohmicron® immunoassay field test kits. The kit detected total PCB concentrations
(calibrated to Aroclor-1254) in three ranges (see Table 4-2). One sample and one
duplicate sample from Test Pit 11 reported concentrations greater than 25 mg/kg at (31.6
and 27 mg/kg, respectively). These samples were homogenized, split and shipped to the
offsite laboratory for confirmation analysis. The offsite laboratory reported confirmation
sample concentrations for Aroclor-1260 at 19 mg/kg and Aroclor-1248 at 1.4 mg/kg
(Table 4-1). Sixteen field test kit samples contained PCB concentrations between 1.0 and
25 mg/kg (maximum 4.64 mg/kg). Eight samples contained concentrations between 0.5
and 1.0 mg/kg. The remaining samples contained less than the 0.5 mg/kg detection limit
(Table 4-2).

4.1.2 Ground Water

Five ground-water samples, and one duplicate sample were collected from the five existing
monitoring wells at the BWLFE., The cooler containing the duplicate sample was lost by
the overnight shipper while in transit to the analytical laboratory. All other samples

arrived intact.
4.1.2.1 Semi-volatile Organic Compounds

Twenty-four of the 41 SVOC target compounds tested for in ground water were found in
cach well (Figure 4-4). Naphthalene and its alkyl-substituted forms were present in the
highest concentrations, 1.5 micrograms per liter (lLg/LL) and 7.6 pg/L, in Monitoring Wells
3 and 4, respectively (Table 4-3).

4.1.2.2 Organochlorine Pesticides

The organochlorine pesticides, 2,4’-DDD and 4,4°-DDD were the most frequently
detected pesticide. They were detected in greatest concentrations in Monitoring Wells 4
and 5 (Figure 4-5). DDT was not detected in the ground-water samples analyzed. The
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maximum pesticide concentration, 0.098 [g/L for 4,4-DDD, was detected in Monitoring
Well MWO05 (Table 4-3). Detected concentrations of other pesticides were less than 0.05
ig/L (Table 4-3). In general, the pesticide concentrations detected in the ground-water
samples collected during the 1996 RI were lower than the concentrations detected during
the 1994 SI. In most of the wells, the concentrations of DDE and DDD found in 1996
were approximately one half the concentrations found in 1994 (concentrations decreased
the most in the wells with the highest concentrations in 1994),

4.1.2.3 PCBs

PCB congeners 138, 153, and 180 were detected in all five of the wells, usually at
concentrations less than 0.005 pg/L (Figure 4-6). The maximum PCB congener
concentration, 0.02 pg/L for PCB-138, was detected in Monitoring Well MW04 (Table 4-
3). The 1996 concentrations of PCB-138, PCB-153, and PCB-180 were generally one-
half to one-tenth of the concentrations reported in the same wells in 1994. The greatest
change occurred in Monitoring Well MWO04, where the concentrations of PCB-138, PCB-
153, and PCB-180 moved from 0.17 pg/L, 0.20 pg/l., and 0.16 pg/L in 1994 to 0.022
tg/L, 0.0081 pg/L, and 0.0027 pg/L in 1996, respectively.

4.2 SUMMARY OF ANALYTICAL RESULTS - MARINE INVESTIGATIONS

Marine sediment, seawater, and tissue samples were collected from the Landfills Site,
Inner Harbor, and reference locations in the atoll lagoon. Marine samples were analyzed
only for organochlorine pesticides and PCBs (20 congeners). No samples of sediment or
carnivorous fish were collected from the Inner Harbor. Sample locations are presented in
Section 2.2,

Tables summarizing the analytical data for each site and each medium/species are
referenced below. Total PCB concentrations at each sample location were calculated by
adding the concentrations of the 20 PCB congeners together using one half the SQL for
undetected congeners. In the summary tables, data from the reference sites is summarized
adjacent to the onsite data for each media/species. These tables list, by laboratory method
and analyte, the total number of samples collected, the number of samples containing
detected concentrations, the number of samples rejected during data validation, the
minimum and maximum concentration detected, and the Ogden sample ID corresponding

to the maximum detected concentration. The geometric mean of analyte concentrations
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detected in at least one of the reference samples for each media is also presented.
Undetected concentrations for samples in the same media were included in the geometric
mean calculation at one half the SQL. All marine samples were analyzed by Arthur D.
Little, Inc., in Cambridge, Massachusetts.

4.2.1 Reference Sites

Sediment, seawater, and tissue samples were collected from four reference sites in the
atoll lagoon and analyzed for organochlorine pesticides and PCBs using low-detection
level techniques (Figure 2-5). 2,4’-DDE and PCB-138 were the only analytes detected in
the sediment samples (Figure 4-7). 2,4’-DDE was detected in one sample at 0.13 pg/kg,
while PCB-138 was detected in all of the samples at a maximum concentration of 0.076
ng/kg (Table 4-4).

Hexachlorobenzene, which was detected at a concentration of 0.00017 pg/L at Reference
Location 3, was the only contaminant detected in seawater at the reference sites (Figure 4-
8). Total PCB concentrations in seawater, sediment, and tissue samples are illustrated in
Figure 4-9. Reference analytical data for seawater, sediment, and tissue concentrations
are summarized in Tables 4-4 through 4-15 and are compared to the concentrations
detected in the samples from the Landfills and Inner Harbor Sites.

4.2.2 Landfills Site

Marine sediment, seawater, and tissue samples were collected from the grid locations
lustrated in Figure 2-3. These samples were analyzed for organochlorine pesticides and
PCBs.

4.2.2.1 Marine Sediment

Organochloring Pesticides
Twelve sediment samples were collected from the Landfill Site. Twelve organochlorine

pesticides were detected in these samples. With the exception of lindane, the maximum
concentration for all pesticides occurred in Grid 01 (Table 4-4). DDT, DDE, and DDD
were detected at the highest concentrations of any of the target analytes. The maximum
concentration of 4,4’-DDE detected in Landfill sediments was 9.00 ug/kg at Grid 01, and
the minimum concentration was 0.02 pg/kg at Grids 06 and 12 (Figure 4-10).
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PCBs

All PCB congeners, except the two most toxic (PCB-77 and PCB-126), were detected in
at least one of the sediment samples (Figure 4-11). Sample MSO1 contained the maximum
concentrations_ of all of the congeners with the exception of PCB-28, PCB-44, and PCB-
209 (Table 4—4). All PCB concentrations detected in sediments exceeded those at the
reference sites, where only PCB-138 was detected. The maximum total PCB

concentration for Landfill sediments was 508.9 pg/kg at Grid 01; the minimum was 0.6
pe/kg at Grid 11.

The Thiessen polygons shown in Figure 4-12 indicate that concentrations of total PCBs
decreased with increasing distance from the sheetpiling and the northeast corner of the
BWLE. The pattern of Thiessen polygons depicting 4,4’-DDE concentrations is similar to
the pattern for total PCBs (Figure 4-13).

4.2.2.2 Seawater

Six seawater samples were collected from within the odd-numbered grids at the landfill
Site. Hexachlorobenzene, PCB-18, PCB-153, PCB-180, and PCB-187 were the only
target analytes detected in seawater samples onsite (Figure 4-14). Hexachlorobenzene
concentrations were similar to those found at the reference sites (Table 4-5). The PCB
congeners were each detected in one sample from Grids 01 and 09 (Figure 4-14). The
maximum total PCB concentration for Landfill seawater was 0.0082 pg/kg at Grid O1.
Total PCB concentrations were calculated by taking the sum of one-half the SQL for each

of the 20 non-detected congeners.
4.2.2.3 Marine Tissue Samples

The concentrations of individual tissue types taken from the Landfill Site are discussed
below. The analytical results of analyses for organochlorine pesticides and PCBs in tissues
are summarized by species in Tables 4-6 to 4-12.

4.2.2.3.1 Algae

Two species of algae were collected at the Landfill Site. Because the brown algae
(Dictyota sp.), which was collected at most locations, did not occur in amounts sufficient

for collection at the grids located adjacent to the BWLF (Table 4-6), a filamentous green
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algae (Halimeda opuntia) was collected at these locations (Table 4-7). Twelve algae
samples were collected from the Landfill Site, with no sample collected at Grid 10 and
both algal species collected at Grid 01. Total PCB concentrations were calculated for
both species.

The maximum total PCB concentration found in Landfill algac was 819.32 pg/kg (brown
algae) at Grid 01; the minimum concentration was 8.6 llg/kg (green algae) at Grids 11 and
12. In general, analyte concentrations found in green algae were lower than those found
in brown algae. Total PCB concentrations at Grid 01 were 819.3 pg/kg for brown algac
and 208.1 pg/kg for green algae.

Although analyte concentrations in algae were found to differ by species, in general, total
PCB and 4,4’-DDE concentrations nonetheless decreased with increasing distance from
the northeast corner of the BWLF (Figures 4-15 and 4-16). However, the fourth highest
concentration was observed in samples obtained from Grid 06, which is the grid most
distant from the northeast corner of the BWLFE. PCB congeners patterns in the algae
samples differ from those found in other tissue and sediment samples. Specifically, the
most toxic congeners, PCB-77, PCB-126, and PCB-105, were detected in several algae
samples, but only rarely in the other media. Also, the two most commonly detected
congeners in other media, PCB-138 and PCB-153, were detected only rarely in the algae

samples.

Tissue samples of both algae species revealed concentrations of total PCB and 4,4’-DDE,
as well as most other analytes, higher than those found in samples of sea urchin tissue
(Figure 4-15 and 4-16). The concentrations of these analytes in algae were lower than

those detected in both herbivorous and carnivorous fish samples.
4.2.2.3.2 Invertebrates

Several types of invertebrate samples were collected during the RI.  Sea urchins were
collected at every grid location. Additionally, three samples of sea cucumber (Holothuria
sp.) were collected at Grids 08, 09, and 10, and one octopus (Octopus sp.) sample was
collected at Grid 05. Tables 4-8, 4-9, and 4-10 summarize the analytical data for these
samples.
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The sea cucumber and octopus samples contained concentrations of analytes higher than
those found in the urchins. However, because these two species are neither abundant nor
ubiquitous across the sites, spatial comparisons cannot be made (Tables 4-8, 4-9, and 4-
10). The octopus and sea cucumber data were included with the sea urchin data for use in
the exposure models in the BERA (see Section 7). Only the sea urchin data are shown in
Figures 4-15 and 4-16.

PCBs

The maximum total PCB concentration reported in sea urchins was 240.3 pg/kg in Grid
01, followed by 196.7 pg/kg in Grid 02 (Figure 4-15). Total PCB concentrations in sea
urchins followed the same pattern of concentrations found in the sediment, i.e., the highest
concentrations were found near the northeast corner of the BWLE, with concentrations
decreasing as the distance from the sheetpiling and from the corner increased (Figure 4-
15). PCB-138 and PCB-153 were detected most often and at the highest concentrations,
51 pg/kg and 67 pg/kg, respectively, of any of the congeners in sea urchin tissues (Table
4-10).

Oreanochlorine Pesticides

Twelve of the target pesticides were detected in sea urchin tissues. Mirex and lindane
concentrations were comparable to those found in the reference sea urchins (Table 4-10).
The highest pesticide concentrations were 2,4’-DDD, 4,4’-DDE, and 4,4’-DDD at 6.7
png/keg, 11 pg/ke, and 2.1 pg/kg, respectively. Concentrations of 4,4’-DDE decreased as
the distance from the northeast corner of the BWLF grew (Figure 4-16). The sea urchin
samples exhibited the lowest analyte concentrations of organochlorine pesticides of all
other tissue samples collected.

4.2.2.3.3 Herbivorous Fish

Eleven herbivorous fish samples were collected from the Landfill Site, one in each Grid,
except for Grid 10, which had poor visibility. The Pacific damselfish (Stegastes
fasciolatus) was the species of herbivorous fish sampled.

PCBs

When compared with tissue samples from other species, samples of herbivorous fish
exhibited the highest concentrations of most target analytes (Table 4-11). The maximum
total PCB concentration found in Landfill herbivorous fish was 42,383 pg/kg at Grid 01;
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the minimum concentration of 40.4 pg/kg was found at Grid 12 (Figure 4-15). The total
PCB concentrations decreased substantially with distance away from Grids 01 and 02.
Samples collected in the grids away from the sheetpiling and on the west side of the
BWLF had significantly lower PCB concentrations than those collected from Grids 01 and
02.

Organochlorine Pesticides

Sixteen pesticides were detected in herbivorous fish samples. Concentrations of most
analytes were less than 10 pg/kg, with the exception of DDD, DDE, and DDT. The
maximum 4,4’-DDE concentration for Landfill herbivorous fish was 320.0 pg/kg at Grid
01, with a minimum of 1.7 pg/kg at Grid 06 (Figure 4-16). 4,4’-DDE was detected in all
11 samples, with concentrations again decreasing away from Grids 01 and 02.

4.2.2.3.4 Carnivorous Fish

The yellowstripe goatfish (Mulloidichthys flaviolineatus) was the carnivorous fish

sampled. Carnivorous fish samples were collected at odd-numbered grids only.

PCBs

The maximum total PCB concentration found in Landfill carnivorous fish was 19,370
Lg/kg at Grid 01, with a minimum of 52.9 pg/kg at Grid 11 (Table 4-12). Congeners
PCB-153, PCB-180, and PCB-187 contained the highest concentrations of any of the
PCBs with 4,800 pg/kg, 4,800 pg/kg, and 2,800 pg/kg, respectively (Table 4-12).
Goatfish are more mobile and may swim to other parts of the site to feed, while damselfish
are site tenacious, farming algae in one area. This may explain why total PCB

concentrations for carnivorous fish are lower than those for the herbivorcus fish (Figure 4-
15).

Organochlorine Pesticides

Fourteen pesticides were detected in carnivorous fish tissues (Table 4-12). Most of the
pesticide concentrations were higher than those in reference samples. The maximum
pesticide concentration was 230 pg/kg for 4,4’-DDE, at Grid 01. Concentrations of 4,4’-
DDD were also elevated with a maximum detection of 140.0 pg/kg at Grid 01,
Concentrations of 4,4’-DDE decreased away from Grid 01, with the lowest concentration
observed at Grid 09 (Figure 4-16).
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4.2.2.4 Temporal Variation in Marine Analytical Data

Analytical data collected during the 1996 RI were compared with analytical data from the
previous 1994 SI. Figures 4-17 and 4-18 illustrate total concentrations of PCB and 4,4’-
DDE observed during the 1994 and 1996 sampling events. Because some species
collected for tissue analysis in 1994 differed from those collected in 1996, all of the tissue
data are not directly comparable, for example, algae in Grids 01 and 10, invertebrates in
Grids 1 and 10, and herbivorous fish in Grid 10. Nonetheless, Figures 4-17 and 4-18

suggest some general trends and can be used for approximate comparisons.

Total PCB concentrations in two of the three seawater samples collected in both
investigations at the Landfills Site were unchanged except at Grid 01, where
concentrations in 1996 were an order of magnitude lower than those observed in 1994
(Figure 4-17). PCB concentrations in sediment were slightly lower in 1996 than in 1994;
the largest changes occurred in Grids 08, 09, 10, and 12 (Figure 4-17). Temporal
variation in seawater concentrations may be due in part to the marine debris removal
action conducted prior to sampling in 1996. That action focused on removing potential
sources of contamination. The changes in PCB concentrations in sediment probably do
not reflect the debris removal, because insufficient time had passed (1 month) to allow

total PCB concentrations in sediment to decrease through insitu degradation.

Total PCB concentrations in tissue in 1996 were generally similar to, or slightly lower
than, in 1994, with one notable exception: herbivorous fish tissues concentrations
increased slightly from 37,738 pg/kg in 1994 to 42,384 ug/kg in 1996 (Figure 4-17). This
12 percent increase may be due either to sample variability or a longer period of time for

bioaccumulation.

A comparison of 4,4’-DDE concentrations for 1996 with those from 1994 revealed that
concentrations in 1996 had decreased in all sampled media except algae (Figure 4-18).
Concentrations in algae in Grid 01 increased, possibly due to the different species
collected. The brown algae (Dictyota sp.) and green algae (Halimeda opuntia) collected
in 1996 contained 60 ug/kg and 5.6 ug/kg, respectively of 4,4’-DDE. The red algae
(Giffordia breviarticulata) collected in 1994 at Grid 01 contained 2.3 ug/kg 4,4’-DDE.
Changes in 4,4’-DDE concentrations were not as pronounced as those observed in total
PCB concentrations.
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4.2.3 Inner Harbor

Samples of seawater, invertebrates, algae, and herbivorous fish were collected from the
sample grids in the Inner Harbor (Figure 2-4). Analytical data from these samples are
summarized below.

4.2.3.1 Seawater

Four seawater samples were collected from odd-numbered grids within the Inner Harbor.
Only hexachlorobenzene and PCB-209 were detected in these samples (Figure 4-19 and
Table 4-13). Hexachlorobenzene was detected in all five samples at concentrations
ranging from 0.00034 to 0.00045 pg/L (Figure 4-19). These values are within the same
range as the reference values (Table 4-12). PCB-209 was only detected in Grid 05 at a
concentration of 0.000051 pg/L. (Figure 4-19).

4.2.3.2 Marine Tissue Samples

Algae (Dictyota sp.), invertebrates (sea urchins), and herbivorous fish (Pacific damselfish)
were collected in all eight grids, with no species substitutions. All samples were analyzed
for low-level organochlorine pesticides and PCBs. Figures 4-20 and 4-21 illustrate some

of the concentrations detected in the various tissue samples.
4.2.3.2.1 Algae

PCBs

All PCB congeners were detected in Inner Harbor algae samples with the exception of
PCB-44, PCB-66, and PCB-77 (Table 4-14). The maximum total PCB concentration in
Inner Harbor algae was found at Grid 03, 145.2 pg/kg, with a minimum of 18.8 pg/kg at
Grid 4 (Figure 4-20). The algae samples did rot exhibit maximums at Grid 01 as did the
invertebrate and fish tissues (Figure 4-20),

Organochlorine Pesticides

Seventeen organochlorine pesticides were detected in the algae samples. The highest
detected concentrations were reported for 2,4’-DDT, endosulfan I, and heptachlor in
Grids 01 and 03 (Table 4-14)., The maximum concentration of 4°,4* DDE found in Inner
Harbor algae was 6.80 pg/kg at Grid 01; the minimum concentration was 0.15 pg/kg at
Grid 04 (Figure 4-21). In general, concentrations of organochlorine pesticides in algae
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were higher than those in invertebrates and lower than those in fish. However, the highest
concentrations of organochlorines in algae were found in different locations than those
containing the highest concentrations of these analytes in invertebrates or fish (Figure 4-20
and 4-21).

4.2.3.2.2 Invertebrates |

PCBs

The same PCB congeners detected in the algae samples were detected in the invertebrate
tissues, except that PCB-126 was not detected in invertebrates (Table 4-15). The
maximum total PCB concentration for Inner Harbor invertebrates was 29.51 png/kg at Grid
0I, with a minimum of 14.95 pg/kg at Grid 07. In contrast to the wide varability
observed in the algae and herbivorous fish data (Figure 4-20), total PCB concentrations in
invertebrates were similar to all grids.

Organochlorine Pesticides

Sixteen pesticides were detected in invertebrate samples. 4,4°-DDD, 4,4’-DDE, and
endosulfan 1 were detected at the highest concentrations, 2.5 pg/kg, 1.8 pg/kg, and 1.7
ng/kg, respectively. The maximum 4,4’-DDE concentration was reported from Gnd 04,
unlike the algae and herbivorous fish data, where the maximum occurred in Grid 01
(Figure 4-21). Grid 01 had the lowest 4,4’-DDE concentration, 0.3 pg/kg, for
invertebrates in the Inner Harbor (Figure 4-21).

4.2.3.2.3 Herbivorous Fish

PCBs

All PCB congeners except PCB-77 and PCB-126 were detected in herbivorous fish
samples (Table 4-16). The maximum total PCB concentration for Inner Harbor
herbivorous fish was 7,637 pg/kg at Grid 01, with a minimum of 600.1 pg/kg at Grid 05
(Figure 4-20). Five of the cight samples had total PCB concentrations greater than
1,000 pg/kg (Figure 4-20).

Organochlorine Pesticides

Seventeen organochlorine pesticides were detected in herbivorous fish tissues. A few
levels were only slightly elevated compared with those for the reference fish (Table 4-16).
4,4°-DDE, 4,4°-DDT, and 4,4’-DDD were detected at the highest concentrations, 120
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ng/kg, 22 ng/kg, and 19 pg/kg, respectively. The maximum 4°,4° DDE concentration for
Inner Harbor herbivorous fish was 120 pg/kg at Grid 01 with a minimum of 36.0 pg/kg at
Grids 03 and 05 (Figure 4-21).

4.2.3.3 Temporal Variation in Marine Analytical Data

Some analyte concentrations in fish and algae increased considerably between 1994 and
1996 (Figures 4-22 and 4-23). For example, the data for total PCB concentrations in
damselfish were an order of magnitude higher than the same data for the manini
(Acanthurus triostegas) collected in 1994 (Figure 4-22). The manini is more mobile than
the Pacific damselfish however, and did not accumulate PCBs to levels found in
damselfish. Total PCB concentrations did not change substantially for seawater and
invertebrates between 1994 and 1996. The data for total PCBs in algae show that
concentrations at some locations increased while others decreased between 1994 and

1996. This phenomenon may be due to sample variability (Figure 4-22).

The data for 4,4-DDE in seawater did not change substantially (Figure 4-23).
Concentrations of 4,4’-DDE in herbivorous fish seemed increased in 1996. This
phenomenon, however, is probably due to the differences in site tenacity and accumulation
rates between damselfish and manini. Concentrations of 4,4’-DDE in algae increased
between 1994 and 1996 (Figure 4-23), while concentrations of 4,4’-DDE in invertebrates
dropped markedly at Grid 01 and minimally at other locations (Figure 4-23).

4.3 DATA VALIDATION SUMMARY

This section summarizes the data validation results and uses them to assess the quality of
the data presented in previous sections. A detailed data quality assessment and complete

Ogden data validation reports for all RI samples are provided in Appendix F.

Analytical results were validated to evaluate compliance with the specified analytical
methods and the data quality objectives outlined in the RI QAPjP for Midway Island
(Ogden 1996d). As specified in the QAPjP, all analytical data obtained under CTO 0136
were validated according to Ogden Level D data validation procedures. In general, Level
D data validation procedures require the review of Form I data summary sheets and raw
data with regards to sample management, instrument performance and calibration, field
and laboratory QC samples, and internal standards performance. Specific Ogden Level D
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data validation requirements are identified in procedure DVP-1, Dara Validation
Presentation (Ogden 1994b).

When the analytical data did not meet the required QC criteria or when special
consideration by the data user was required, standard “data qualifiers” were applied to the
specific analytical results. Data qualifiers are defined in the USEPA Contract Laboratory
Program National Functional Guidelines For Organic Data Review (USEPA 1994). In
addition, standard “qualification codes” were applied to explain the use of data qualifiers

and to identify possible limitations of data use.
4.3.1 Data Quality Assessment

This section summarizes the data validation methodology and results in terms of data
precision, accuracy, representativencss, completeness, and comparability. Each of these
data quality parameters is evaluated through review of Form I's and associated field
and/or laboratory QC sample results. A detailed discussion of the data quality assessment
can be found in Appendix F. The overall usability of the analytical data is discussed below
with regard to each data quality parameter.

4.3.1.1 Precision

Precision was determined by the relative percent differences (RPDs) of both the field
duplicates and matrix spike duplicates (MSDs). In generzl, the precision results from the
field duplicates and the MSDs fell within the QC criteria established by the laboratory
and/or the QAPjP (Ogden 1996d) and were considered acceptable. The instances where
precision data did not meet QC criteria are attributable to nohomogeneity of the sample

or to having relatively few data points to determine correlations and draw conclusions.
4.3.1.2 Accuracy

Accuracy was determined by the percent recoveries (%R) of the matrix spike samples
(MS) and blank spike or laboratory control samples (LCS). The accuracy results from all
matrices except soil were within the QC criteria established by the laboratory and/or the
QAPjP and were considered acceptable. Two of the three soil MS/MSDs had percent

recoveries of O due to dilutions, thus skewing overall average percent recoveries. No
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qualifications were assigned to the data because of the dilutions. The analyte-specific
average LCS percent recoveries were considered acceptable.

4.3.1.3 Representativeness

Representativeness was determined by evaluating overall sample management (sample
collection, handling, and documentation) and method-specific issues (calibration and
surrogate recovery). With the exception of the soil analytical data for pesticides/PCBs, the
overall usability of the data was acceptable with respect to representativeness. Some
qualifications were applied to the soil pesticide/PCB data due to method modifications
performed by the laboratory, which produced data that may not be wholly representative
of the site.

4.3.1.4 Completeness

Completeness was determined from both the sampling program (number of samples
planned vs. number of samples collected) and the analytical program (total number of
analytes vs. number of analytes rejected). The completeness of both the sampling and
analytical program was determined to be acceptable.

4.3.1.5 Comparability

Comparability was determined using considerations such as the consistency of the
sampling plan and consistency in the sample analysis. The coriparability of both the
sampling and analysis was determined to be acceptable.
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Table 4-2
SUMMARY OF SUBSURFACE SOIL SAMPLES
FIELD TEST KIT RESULTS FOR PCBs
BULKY WASTE LANDFILL (SITE 01)

(Page 1 of 2)
Sample | Collection Total PCBs (mg/kg)
Location ID Sample ID Depth Date >0.5<1 >1<25 >25 <100
Trenches

MO1TS01 MOITK01S01 3.0 6/24/96 1.24
MO1TS01 MOITKQ1S02 3.0 6/24/96 1.20
MO1TS02 MOITKO02S01: 3.0 6/24/96 3.52
MO1TS02 MO1TK02S02 4.0 6/24/96 1.59
MO1TS03 MO1TK03S01 3.0 6/24/96 2.65
MO1TS03 MO1TKO03502 4.0 6/24/96 1.98
MO1TS04 MO1TK04S501 4.0 6/24/96 ND (<0.5)

MO1TS04 MO1TK04S502 3.5 6/24/96 1.09
MO1TS05 MOI1TKO05S01 4.0 6/24/96 2.18
MO1TS03 MO1TK 05502 2.5 6/24/90 0.60

MO1TS06 MO1TK06S01 3.0 6/25/96 0.54

MO1TS06 MO1TK06502 4.0 6/25/96 ND (<0.5)

MOITS07 MO1TK07501 3.5 6/25/96 0.52

MO1TS07 MO1TKO07502 6.0 6/25/96 | ND (<0.5)

MO1TS07 MOI1TK07503 4.5 6/25/96 1.30
MO1TS08 MO1TK08S01 4.0 6/25/96 1.50
MO1TS08 MO1TK(08S02 3.0 6/25/96 | ND (<0.5)

MO1TS08 MO1TKO8DO2 3.0 6/25/96 | ND (<0.5)

MO1TS09 MO1TK09S01 2.0 6/25/96 ND (<0.5)

MO1TS09 MOITKQ09S02 3.5 6/25/96 0.83

MOITS10 MOITK10S01 45 6/25/96 0.58

MO1TS10 MO1TK 10802 5.0 6/25/96 | ND (<0.5)

MO1TS11 MO1TK11S01 2.0 6/25/96 | ND (<0.5)

MO1TS11 MO1TK 11802 2.0 6/25/96 | ND (<0.5)

MOI1TS12 MO1TK 12501 3.0 6/26/96 | ND (<0.5)

MO1TS12 MO1TK 12502 2.5 6/26/96 | ND (<0.5)

MO1TS13 MOI1TK13S01 4.0 6/26/96 | ND (<0.5)

MO1TS13 MOITK13D01 4.0 6/26/96 | ND (<0.5)

MO1TS13 MO1TK13502 5.5 6/26/96 | ND (<0.5)

MO1TS14 MO1TK 14501 4.5 6/26/96 ND (<0.5)

MO1TS14 MOI1TK 14502 4.5 6/26/96 | ND (<0.5)

MO1TS15 MO1TK 15501 5.0 6/27/96 | ND (<0.5)

MO1TS15 MO1TK 15502 4.0 6/27/96 | ND (<0.5)

MO1TS16 MO1TK16S01 4.0 6/28/96 ND (<0.5)

MOI1TS16 MOITK16S02 2.0 6/28/96 | ND (<0.5)

MO1TS17 MO1TK 17501 6.0 6/28/96 | ND (<0.5)

MO1TS17 MO1TK 17502 5.0 6/28/96 | ND (<0.5)

MO1TS18 MO1TK 18501 3.5 6/28/96 | ND (<0.5)

MO1TS18 MO1TK 18502 4.0 6/28/96 ND (<0.5)

MO1TS19 MOI1TK 19501 2.5 6/28/96 | ND (<0.5)

MO1TS19 MOI1TK 19502 3.0 6/28/96 | ND (<0.5)

MO1TS20 MO1TK20501 3.5 6/28/96 | ND (<0.5)

MO1TS20 MO1TK20S02 3.0 6/28/96 ND (<0.5)

MO1TS20 MOITK20D02 3.0 6/28/96 | ND (<0.5)

MO1TS20 MO1TK20S03 2.5 6/28/96 ND (<0.5)

MO1TS20 MO1TK 20504 2.5 6/28/96 ND (<0.5)

ND (<0.5) = Not Detected at or above the 0.5 mg/kg detection limit.



Table 4-2
SUMMARY OF SUBSURFACE SOIL SAMPLES
FIELD TEST KIT RESULTS FOR PCBs
BULKY WASTE LANDFILL (SITE 01)

(Page 2 of 2)
Sample | Collection Total PCBs (mg/kg)
Location ID Sample ID Depth Date >0.5<1 >1<258 > 25 < 100
Test Pits

MO1TPO1 MOI1TP0O1S01 3.0 6/26/96 | ND (<0.5)

MOI1TPO1 MO1TP02S01 3.0 6/26/96 0.58

MO1TPO3 MO1TP03S01 1.5 6/27/96 | ND (<0.5)

MO1TPO3 MO1TP0O3S02 3.5 6/27/96 | ND (<0.5)

MO1TP0O4 MO1TP04S01 1.5 6/27/96 | ND (<0.5)

MO1TPO4 MO1TP04S02 3.0 6/27/96 0.74

MO1TPO5 MO1TP05S01 1.5 6/27/96 | ND (<0.5)

MO1TPO6 MO1TP0O6S01 3.0 6/27/96 | ND (<0.5)

MO1TPO6 MO1TP06S02 4.5 6/27/96 | ND (<0.5)

MO1TP0O7 MO1TP0O7S01 3.0 6/29/96 | ND (<0.5)

MO1TPOS MO1TPOBS0O1 3.5 6/29/96 1.62
MO1TP0O9 MOITP09S01 3.5 6/29/96 | ND (<0.5)

MO1TP10 MO1TP10S01 3.5 6/29/96 1.51
MO1TP11 MOITP11S01 3.0 6/29/96 31.6
MOITP11 MO1TP11D01 3.0 6/29/96 27
MO1TP11 MOITP11S02 3.0 7/1/96 4.64
MO1TP11 MOITP11S03 1.5 7/1/96 0.99

MO1TP11 MOITP11S04 4.5 7/1/96 ND (<0.5)

MO1TP12 MO1TP12S01 3.0 6/29/96 | ND (<0.5)

MOITP13 MO1TP13501 3.5 6/29/96 ND (<0.5)

MO1TP14 MO1TP14S01 2.5 6/29/96 ND (<0.5)

MOI1TP13 MOITP15501 2.5 6/29/96 1.02
MOITP16 MO1TP16S01 2.0 6/29/96 | ND (<0.5)

MO1TP17 MO1TP17S01 2.0 6/29/96 | ND (<0.5)

MOITP18 | MO1TP18S01 2.0 6/29/96 | ND (<0.5)

MO1TP19 MO1TP19501 4.0 6/29/96 | ND (<0.5)

MO1TP20 MO1TP20S01 4.5 6/29/96 | ND (<0.5)

MO1TP21 MO1TP21S01 6.5 6/29/96 | ND (<0.5)

MO1TP22 MO1TP22501 2.0 6/29/96 | ND (<0.5)

MOI1TP23 MOI1TP23S01 3.5 7/1/96 ND (<0.5)

MO1TP24 MO1TP24501 2.5 7/1/96 ND (<0.5)

MOI1TP25 MO1TP25501 2.5 7/1/96 1.72
MOITP26 MO1TP26S01 2.5 7/1/96 3.03

ND (<0.5) = Not Detected at or above the 0.5 mg/kg detection limit.



SIX VE P VLWP\So1quniodaigngg [oroyous zoy\:K

(BeLy) oULeNQ) UONEPIEA BIR( = gE|
{uoneatp[eng) 1o1EpTRA €R() wonEpIE A E1e(] Buling pepofoy ssjdures jo oN = A
£muend) patewinsy we st sojdureg Jo "oN [E10], = S# sa[le[OA IUIRG SPUSLY, PUE SRIEIS VVON= VIFIAILS
ON[EA [BOUSUINA] POIRICOSSY S, = { $10919(] JO "ON = a# 152108
TOSTOMINTOW €70 <100 1 9 S 100 ANTV-1D ‘SANTIALHSANTHINVEON 14| VIPTIALLS
TOSSOMINTOIN T £F00 1 9 S 100 ANAHLNVIONTE| VIFIALLS
TOSEOMINTOIN 750 96000 1 9 g Ton ASTANTV-£D ‘SANFHAOIHLOZNAHIA| VIPTALLS
T0SEOMINTOIN 'l 6100 I 195§ T1on NS-1ANIV-ZD ‘SANAHJOIHLOZNAFIA| VIFTALLS
TOSCOMINTON 1 1100 1 9 S HDD NS-TANTY-1D ‘SENAHIOIHLOZNAFIA| VIFIALLS
| LOSEOMINTOW 4 1100 1 19]6€ on HNAHAOIHLOZNALIA| VIVIALLS
I | TOSTOMINTOW SToC 0 L0000 $10°0 8L00°0 1 9 12 Ton ANIOVIHINVH VIOZNAFIA| VIPTALLS
_ SPRRAON LSOO £00°0 1 9 0 on ALNIILSENS-TANTVY-#D ‘SANASAYHD| VIFTALLS
TOSEOMINTOIN cI00 £10°0 LSO00 €000 T 9}1 15N HLALILSENS-TANTV-£D 'SANASAYHD| VIPIALLS
TOSEOMINTON vZ0'0 S10°0 LEO00 1£00°0 T|9}¢t glisly! ALALILSHNS-TANTY-7O 'SANHSAYHD| VIFIALLS
TOSEOMINTON 110°0 7E00'0 LSO00 LS00'0 T{9]|¢¥ glialy! ALALILSENS- TANTV-1D ‘SANASAYHD| VIPIAILS
TOSSOMINTOIN 9700 LTO0C 1 9 g Ton ANASAMHOD| VIFIALLS
$1913J ON ¥'C 970 1 9 0 10N ALV IVHLHITAXZHTAHLIT-2)SI| VIFIALLS
T0SFOMINTOIN 1 S10°0 65000 65000 1191w /ON TANAHAIE| VIFIALLS
I | 10STOMINTOIN LEOOO SI00°0 1]19]c¢ on ANFHINVIONTHCDOZNEL| VIFIALLS
[ | TOSTOMINIOW FE000 Z100°0 S10°0 80070 T191]c¢€ 75N ANHTAYATHO)OZNAI} VIFIALLS
I | TOSTOAMINTON 96000 ¥200°0 £10°0 £10°0 I 9 14 10N ANTYAJEOZNAE] VIFIALLS
I | TOSTOAMINTOW £800°0 91000 ! 9 ¢ 1on ANFHINVIONT(DOZNAL] VIFIAILS
I | TOSCOMINTOIN £600°0 7000 z10'0 7100 T {9+ 70N ANHAAI(VIOZNAEI| VIPTAILS
TOSSOMINTOIN 9700 110°0 SI00 SI00 T 9 4i¢ 79N ANEOVIHINV(VOZNALI[ VIFIALLS
[ | TOSSOMIWTOW vT0 L9000 T191}¢ Ton | ANAOVEHINY| VIFIAILS
TOSFOMINTOW LTG0 5000 £L00°0 6£00°0 I 9 [ 150 AN TAHLHIVNADV| VIPIALLS
T0SSOMINITOW cT 9¢0°0 I 9 g 150N ANFHLHJVNADVY|{ VIFIALLS
$19919(] ON 0L 8¢ I {90 /50N TONAHIOILINIA-¥Z| VIFTALLS
$39912(J ON ¥1 SL 1 9 0 190N TONIHJOIOTHOLL-9¥'T VIFIALLS
5199191 ON i SL 1190 on TONAHIOYOTHORIL-S¥T| VIFIALLS
10SFOMINIOW 550 10°0 6¥00°0 8000 T 19| ¢ 790 ANAZNAGOAOTHOMIL-SE'T| VIFIALLS
$19912(J ON 88000 LPO00 1 9 0 190 ANIZNIdOd +T
LOALId LOHLAANND [ 9# | S# | & SLINN AOHLIW
XVIA NTIA XVIA NI

(b Jo 1 a8eyq)
(10 ALIS) TILIANVTALSVAM ANINY
SHTAIAVS ALV ANQOYH 10 AUVININAS
¢ 3[qeL,



STX VEFAVIOPSa1quiodaignge

oy ok

(8e.]) sougIEn() UOHEPI[EA BIR(] = gt

(uozreanI[En() J0TEPIE A ¥IB(T} uoiepie A BrR(] Funng papelay sodurg jo oN = q# SIPLNSA SPUSL], PUE STITIS VY ON= AIF1AILS

Lmuendy payewisg e st so[duweg jo 'oN [e10] = S# SI[IBTOA IWAE SPUAL], PUR SOILIS VY ON= VItIAILS

3IN|e A [EILIOUMN PIJBIOOSSY 2¥ ], = [ SR JO 'ON = a# SOON]
S10313( ON 160000 6+000°0 0 0 15N NDIQTV| HIVIALLS
$13919(J ON (4184 $9000°0 0 0 /9N Lad-+'v| dIrTALLS
TOSTOMINTOW 7000 81000 ££000°0 810000 0 £ 15N Add-v't| AIFTAILS
10SSOMINTON 8600 LEODO #0000 #0000 0 t o0 aad-¥'y| dIrIALLS
$30939(] ON 760000 820000 0 0 15N . Laa-+z| dIyTALLS
53991(] ON o 850000 1¢000°0 0 0 /5N 4ad-¥'ct FIPIAILS
TOSSOMINTON £e00 680000 89000°0 890000 0 |4 On aaa-+'ze dIFTAILS

10SSOMINTON 8L0 Lr00 119 S Ton HANHHAd; VIPIALLS
1OSCOMINTOIN $80'0 8€0°0 8000 L1000 T 191¢ 15N -0 'SANADVIAHINV+SANTYHINYNIHd] VIFTALLS
T0SCOMWIOIN 143y 100 119 S /0N -£D ‘SANFOVIHINY+SONTYHLNYNAHd| VIPIALILS
T10SCOMIWITOIN 870 5100 119 S 5N -Z0 "SANAOVIHINY+SHNTNHLNYNAHA| VIFIALLS
| TOSCOMINIOIN S0 SL000 119 9 1on -1 'SANFOVIHINV+SONTYHINYNAIH| VIPTALLS
TOSFOMINTOIN 1 1800°0 ]9 S oN ANHAHINVNHHd; VIFIALLS
TOSTOMWION 000 660000 [45850, [414)¢; 119 | ¢ 15N ANATAYAd}] VIPTALLS
LOSEOMINTOIN 1 6100 I 19 9 15N TILSANS-TANTY-vD ‘SHNITVHLIHAVN] VIPIALLS
TOSEOMWION L'E 00 F{s1|¢ /0N LILSANS“TANTY-¢O ‘SANATVHLHAVN| VI+TALLS
TOSFOMINTON 9'L 110°0 119 S oN LILSANS-TANTY-TD ‘SHNATVHLHAVN| VIFTALLS
T0STOMINTON LT 9000 IR R Ton JLISANS-TANTY-1D ‘SHNATYHLHAVN| VIFIALLS
TOSFOMNTON 9y 9100 i S 1S 15N ANFTYHLHAVN| VIVTAILS
TOSTOMIWITON 9£000 £1000 <100 £900°0 119 ]¢ T7oN ANTIALAD-CTTVONIANI| VIPIALLS
S19913( ON 28000 vy00°0 1 S 10 /oN ) ~ ANAIAVINGOJOTHOVXHH| WVIFTALLS
TOSTOMNTON §T0 6L00 §600°0 €000 1 g 17 /oNn ALALILSINS TANTY-CD 'SHNIHONTd| VIFIALLS
TOSCOMINTON Se0 L10°0 119 S /oNn HLALLLSINS- TANTY-ZS ‘SANAIONT| VIFTAILLS
TOSE0OMINTOIN £e’0 7100 1 S| S on ALALILSINS- TANTV 1D ‘SINIHONTI| VIFTALLS
TOSPOMINTON 980 8¢00°0 ! S 1S oN ANFIONTd| VIPIALILS
TOSEOMINTOIN 1€0°0 1100 1S ¢ von ANTY-£D 'SEHNAIAJ+SINFHINVIONTA| VIFTAILS
L1OSTOMINTOIN ) ) 1 S | ¥ ' VIFIALLS

LOELIA
XVW

Lo3L1ada
NI

LOULIAND

XVIN

NI

LOULAANN

# | SH#

QOHLAN

(b 3o 7 38ey)

(10 ALIS) TTIAANVT ALSVM ANING
SHTJINVS ¥ALVM ANAOYH A0 LAVININAS

£ SIqeL




STX VE-pgVIopwaiquitiodartigg [oioyou zop{

(Bvel]) se1prEng) UCTIEPI[EA BIE(] = 4

(uomeotreny) J01EpIEA BIE(T) uonepl[e e1e(} Subngg pawa(ay saydweg jo oN = Rt $EOJ SPUALL PUE SIS YYON= DIFTALLS

Anuen() payetnsy Ue st sajdureg jo "oN w0 = S# S9pIONSI spualy, pue smel§ ¥YON= JIF1ALLS

onfep [EOLISWINN PRIvIOOsSY A = [ §10315(] JO "ON = (4# ISA0N
TOSYOMWTON 1800°0 1.000°0 0]ls|¢ (SSHFV.TUESI-4Dd] DIPIALLS
10SFOMINTON 72070 91000 gls]|s (S PP T 8E1-a0d| DIFIALLS
s19312(] ON £5000°0 $2000°0 glsto (F¥ €8T 821-90d| DIFIALLS
$19912(] ON 6L000°0 P000°0 0ls|o S'¥vee)otl-dod] JIPTALLS
[0STOMINIOIN £200°0 £5000°0 190000 £€000°0 0]ls|z (S ¥ £7) 811-dDd| DIFTALLS
s19315(] ON 960000 150000 g|lsto (FH.0€T) S01-d2d]| DIFTALLS

10SSOMINTON , 9100°0 9£000°0 $£000°0 0]si¢
§19913(] ON £000°0 glsto
{ | TOSSOMINTOIN | 9700070 91000°0 12000°0 g5t XTAIN] AIPIALLS
s19912( ON £L000'0 o|ls|o MOTHOAXOHIAW] dIvIALLS
10SZTOMINIOW | 680000 L1000°0 190000 ££000°0 0ls ¢ ANHZNAGOIOTHOVXHH| dIFIALLS
$19313(] ON 6£100°0 $L000°0 o|ls|o HAXOdd YO THOVLIAH| HIVIALLS
s19313(] ON o SL000°0 +000°0 glsto WOTHOVIJAH| dIVIALLS
§10919(] ON LEO00'0 70000 glsto ANVHOTHD YIWAIYD|  dTFTALLS
T0STOMINTOWN £900°0 L1000 S0000 LTO00°0 0 ls|ze (ANVANID DHE-VIDAYD]| dIFTALLS
S1A(] ON | esooo0 820000 [0 | s | O ANOLEYM NRICGNE|  HTFIALLS
$19919(] ON £5000°0 $7000°0 glsto AAAHIATY NIIANA| dIPIALLS
s19918(] ON $6000°0 1600070 glsto NRIANA| ATFIALLS
§199)2(] ON 100°0 #5000°0 gls|o ALYATINS NYATNSOANA| HIFTIALLS
§19312(] ON 100°0 $S000°0 gls]o I NVITINSOANA| dIPTALLS
[OSE0MINTOIN | £L000°0 LEODO0 100°0 $5000°0 01s|z INVIINSOANd| HATYIALLS
10SSOMINTON 700°0 £000°0 9€000°0 9¢£000°0 0]¢s]|¢ NNMATEIA| FIPIALLS
519919 ON 2500070 820000 olsto DHA-V.LTAd| HAIPIALLS
s19913(] ON £S000°0 £000°0 g{s|o HOTHOYNON-SID| HAIFIALLS
TOSTOMWIOIN 78000 780070 SHO00'0 $T000°0 ols | DHE-VIAE| dTFIALLS
TOSTOMINTOIN 1100°0 61000°0 #0000 £7000°0 0| s |¢ ANVAIOTHO-VHATY| HATFIALLS
10SEOMINIOIN . 810000 8900070 LEODO0 ol|ls |1 OHY-VHJTY| AIFIALLS
TADTESId SANTY )
TIdAYS LOALAA LOYALAd | LDFLAAND | LYALAANN | 9% | S# | a# ALATVNY
XVIN XYW NIW XVIN NI

(b Jo € 33ey)
(10 ALIS) TTIAANVT HLSVA AL
STHTJAVS YALVYM ANNOYD JO AAVIIANS
£- 2qRL



STX VE-PaVLwPSapqoniiodatgngg Joroyou Ty 4

(3e1g) seyren) UOLEPLEA IR = g
(uoneoyreny) 101epIRA BIRC]) uoiepl[e A v Suung pajosfoy seidurg jo oN = ¥

Lpuen parewinisg ue st sojdureg Jo "oN 0] = S# $4Od Spusl], pue sMUlS YYON= JIFIAILS

e A [POLISUINN] POIRIDOSSY Y[, = { $13915(] JO "ON = fel3 :SAION
TOSEOMINTION 9L00°0 LLOOO'O 15000°0 ££000°0 0 S € on (F'T) 8-90d| OTFIAILLS
Slaoed ON 60000 S000°0 0 g 0 on (W¥.e6) LL-FDd| DIPIALLS
TOSFOMINTIOIN 2100 ¥8000°0 820000 82000°0 0 g € 15N (F'F.£7)99-40d| DIFIALLS
TOSSOMINTOIN £€00°0 <000 90000 PEOC0'0 0 S Z 7oN (£'¢.70) T6-ddd| OIFIALLS
T0STOMINIOIN 000 6000°0 £S000°0 670000 0 S [ 15N (§'€. T v-ddd| OIFIALLS
[ | T0SSOMINTOWN L0000 LTO00G L1000 760000 0 S [ /o0 (¥'7'0) 8T-dDdf DTFIALLS
JOSTOMNION L7000 LTO00 600070 6¥000°0 015 |1 Ton (9956 H¥.€e 00 60T-ddd] DIVIALLS
531091(] ON LL000°0 1+000°0 0 1S |0 Ton (9°S°CH'¥ €€ 72 90T-90d| DIFIALLS
[ | TOSYOMIWIOW 1500070 £C000°0 1000 £5000°0 0 S [ 1oNn (OC ¥y T S61-9Dd[ DIFIALLS
TOSSOMINTOW 6L0000 €8000°0 66000°0 £5000°0 0 s [4 o0 (9°6°C.FE T L81-90d| DIFIALLS
10SFOMINTON L7000 8¥000°C 0[S ]S Ton (SSP¥PETT081-90d| DIVIALLS
1OSTOMINTOW 9000 #5000 800000 [ +¥0000 0S¢ on (S0 81-90d| OIVIALLS
TOSPOMINTOW 8¢00°0 6200070 L¥00°0 €000 0 S 3 1ON (S V.70 0L1-dDd] DIFIALLS

N
HTdNVS LOdLAd LOALAd | LOFALAAND | LOALAANND | G4 | S# | d HLATVNY JOHLAN

XVIA XVIA NEA XVIA NI

(P J0 p 98eq)
(T0 FLIS) TTIAANVT ALSVM ANT1Nd
SHTJAVS YALVAM ANNOYD 40 AMVININNS
£-p dlqey,




STY Vo4V Iwp\sajqensoda fiagg rooyma” zoiy{

Wea A OLISWOosD) = U0} UBAN (3e]) IpgIEn]) TONEPI[EA BlB([ = T4
(uoneayiiend) Jojepife A wied) UOTIEPTIEA, BIR(] FUlIngy pa10afey se[dwies jo oN = a4 SEDd SPual] pUE sIEIS VYON=  DTFIALLS
Aymreng) pajeumisy e s1 sejdwreg jo 0N [g0], = S# SpIONSad SPUI] PUE SIS VYON=  HIFTAILS
ANEA [EILISWNN PIIBIIOSSY Y = I d# ISQION
$80°0 Li0°0 0 0 $10939(] ON] DION (S F ¥ €6 921-dDd] DIFIALLS
EF0°0 6£0°0 0 0 10STOSIWIOW ¥s 500 oO/ON S P60 811-dDd| DTHFIALLS
1£0°0 8200 0 0 TOATOSIWTON L1 6100 ON/DI1 €' S0T-90d| DIFIALLS
8700 $T0°0 0 0 10STOSIWI0W 8T SLOO S°6€ D) 101-9Dd] DTHTALLS
) £20'0 120°0 ofsto TGATOSWTON S8°0 ¥E0'0 £ 9 [ Hy/oN MO THOVNON-SNVIL| dIF1ALLS
SY0°0 1#0°0 0o|s}o $10015(] ON £ 0 | o3/on XDIIN | BTFTALLS
70 810 o[s]o 510219(] ON £ ¢ | o¥/on HOTHOAXOHLEAW| 1F1ALLS
SHO0 TF0°0 ofcto §19919(] ON £ 0 | DYon ANAZNAGOYOTHOVXIH| FIHTAILS
7500 LY00 ofsto 510010 ON € 0 | D¥/0n AAIXOAT YOTHOVIITH| AT+ TALLS
£¥0°0 6£0°0 o[st|o §19219(] ON £ 0 | o¥/mon MOTHOV.LdAH| d1F1ALLS
1$0°0 LEOO ofcto TOATOSINION 71 700 £ 6 | o3on ANVAAO [HI-VINNVD| TFTALLS
6€0°0 S£0°0 o[sfo TOSZTISWIOW | €700 £20°0 € 1| owon (ANVANID DHE-VININVO| ITFTAILS
££0°0 £0°0 ofsto §19913(] ON, 3 o | owon ANOLAN NINANA| ATFIAILS
£E0D £Q0 ofsto §19913(] ON £ ¢ | ovmon JAAHIATY NIEANA| AIFIALLS
F10°0 £10°0 ofls]o S10913(] ON £ 0 | O%on NIMANH| dIFIALLS
8500 750°0 ofs]o 5102191 ON £ 0 | odnon HLVAINS NVATINSOANT | d1FTALLS
850°0 £50°0 0fsto 519919(] ON £ 0 | O3WON I NVZTNSOANH| ITFTALLS
850°0 750'0 of[s]o §10919(] ON £ 0 | DYWoHn I NVA1ISOUNA| FIFIALLS
500 S¥0°0 0[s]oO TOATOSINTOW 1T L70°0 £ £ | oWon NDYA TdIA| FIFTALLS
[£0°0 8200 o[s]o s19939(] ON 3 0 [ O3on DHHA-vLTAd| dItIALLS
5500 500 fofs o 1021 0N N £ 191|0 | owbn o OHEVIZE|AIFIALLS
RE00 FEOD ofs|o I0ATOSWIOW I £50°0 ¢ L | owon ANV@IOTHO YHA IV A1FTALLS
£0°0 L2700 ojs|o TOS90SWION | 9£0°C 9€0°0 ¢ 1 [owbn OHA-VHJTV] HIFIALLS
F0'0 9070 ols|o $10233(] ON ¢ 0 | o3/on NNATV| 9T1FTALLS
750°0 8¥0°0 ols]o 10STOSWI0W St 110 € L | o3on 1aa-+#| A1+1ALLS
L£0°0 £€0°0 ols|o 10STOSINTOWN 6 7500 3 11| o¥on qJad-+'+| GIPTALLS
990°0 90°0 ofs]o T0STOSIN 10N L1 £90°0 € 11| oMon aada-+r[ IIrTALLS
90°0 ¥50°0 0fls]o T0STOSIN IO €€ £0°0 3 8 1ada-+z| aIvIALLS
60£0°0 €10 S+0°0 +0°0 ols |1 TOSTOSIN IO €7 990°0 ¢ ¥ Aad-+ 7} 9IFIALLS
8€0°0 5£0°0 0lsio T0STOSINTON 11 0 3 L dad-+z| diriALLS
ONOD | LDA1Ad [ IDALAd | LOALAANN | LDALAANND ATdAVS [ LoALAd [ Loarad IOALAANND | d# ALATVNY AOHLAW
NVHIW | XVIA XVIN NI XVIN XV NI NI
AIDNTETIAT STIHANVY

(7 3o 1 38eq)

SALIS ADNIFHATY ANV STTIHANYT

y-r2lqel

SHTdIWVYS INHIWIAHS ANTHVIN 40 AYVININNS



SIX Vi rgV I\PP\S21quiiodantng  [oroum zogy

UEay IRIUCIN) = QU0 MBI {BeLy) Jagifenyy UoneplleA BB = T3
(uoTyeayI[EN]) JOIEPTIE A BIR(T) uonepleA TR SuUnCy pa1oafoy se(dwes jo oN = gt
AINUBRY) PIreWnsy Ue St sadureg Jo "ON JB30] = S# S@Dd SpUal] pue snElS VVYON= DIFIALLS
SN[BA [ROLIIWNN] PRJRID0SSY ], = I $10933(1 Jo "OoN = a# S9N
800 €070 ojs|o TOSROSIWIOW | 20 1900 650°0 700 BENEREN (¥ 8-9Dd| DIFTALLS
+$0°0 6r0°0 0[S |0 5199101 ON L50°0 8+0°0 € (91| 0 | O¥Dn (FFE°6) LL-gDd| DIFTALLS
9€0°0 ££0°0 ols|o 10U TOSIN IO +1 710 SO0 $EO'D ¢ |91 £ [ DwoNn (+'v" £ 99-90d| DIFIAILS
6200 970°0 o[s o TOSTOSINTOA z 00 SEOD 1200 € |91 6 | O¥BN ('S 7D 76-4Dd{ DIFTALLS
££0°0 €00 ols|o TOSSOSIN 10 4 8E0°0 1+0°0 1€0°0 £ |91] 8 [o¥oDn (S € ZT +#90d| OTFIALLS
L9070 190°0 R TOSROSINTOW | 960 110 ¥80°0 9070 B ERERESEN (F¥7) 87-9Dd| DIFIALLS
£0°0 LT00 olstlo TOSFOSWIOWN | 280 £900°0 1€0°0 200 € forf L | owon (9'9°SC P €6 7D 607°€0d| OIFIALLS
SZ0°0 £70°0 R TOSTOS IO LS 200 | 9700 ¥20°0 € |91 [01)]D¥Dn (0°.C° S F+ €€ 27 907-90d| DIFIALLS
6700 9700 of{s|o T0STOSI IO ¥l 6100 LZ0°0 170D ¢ [o1]zr | oon O ¢ FV.€'€°7D §61-D0d| DIFIALLS
¥90°0 85070 of[s]o TOSTOSWIOW 69 ££0°0 90°0 90°0 ¢ [91]|zr{owon | O S S ETD 181-9Dd| OTFIALLS
1070 LE00 olst]o 10STOSIWION 071 990°0 8€0°0 8€0°D ¢ [o1]z1 ] D¥0n (S S F ¥ €7D 081-9Dd| OTF1AILS
66070 60°0 ols]o 10S80SINTON 950 FS0 €z10 880°0 ¢ |or] z|oxwon (€27 81-8Dd{ DIFIALLS
v10 €F0 oflsio 10S10SIW 10 £9 FI00 €10 €10 ¢ [91]z1 ] O%on G PP T 0L1-80d] DIFTALLS
9E0°0 78070 0{sio TOSTOS IO 011 SO0 ££0°0 €600 ¢ [91]zr ] ox%on (SEF T ESI-80d] DTFTALLS
7E€90°0 | 9L0°0 SO0 "R 10STOSW IO &3 110 o1l |o¥on (S°F'F €270 8ET-dDd| DIFIAILS
ols]o TOSTOSTON . : € DIFIALLS
DNOD [ IDALAA | LOHLHA | IDALEANA [ LOALAANN | 9# | S# o] FIIAVS  JIDELEA [ LOALAA [ IDALEAND [IDATAAND [ 94 | S# [a@# | STIN ALATYNY JOHILAW
NVIW | XV NIW XVI NIW XV XVIA NIW XVIA NI
AINHAAAHY STIIAANYV'T
(z J0 7 28eg)

SHLIS HONIYHIATY ANV STHAANV'T
SHTJINVS LNANIAAS ANIFVIN 40 AYYIWINS
v-b AqelL



STXVS-pgV.L\0p\30)quitiodossagg Joioyou 2oy §

SHLIS ADNAWAITE ANV STTLAANYT
SHTTdAYS JALYM VIS 40 AdYINNIS

S I1qe.L

W3y JNAU0IG = 2U0D) UBsy (Ser]) Jaynend) uonepI[EA BIB(] = TI

(uonreayIzEn() JUIRPIE A TIRA) uonepIfeA ee(] 3uun( parelay seidures o oN = it SADJ SPUSL], PUE SIEIS VYON=  DIFIALLS

fnueng) payeumsy ue sp sardures jo o w0l = S# SopIoNseq SPUSL], PUY STURIS VVONE  TTHIALLS

an[e A [ROLISWUNN PRIBISOSSY sy, = I S}oR1a(I Jo ON = % SSAON

€r000°0 £F000°0 s159%(] ON +5000°0 £F0000 | 0] L]0 ] von T FPE9 921-90d[ DIFIALLS

£€000°0 £E000°0 §19913(] ON 1#000°0 €€0000 |0 | Z o | ¥on C V£ 811-a0d| DIFIAITS

75000°0 750000 s10912(] ON £9000°0 750000 |0 | L |01 1790 (FFE€0 SOI€EDd| DIFIALLS

$£000°0 S£000°0 s19915(] ON +F000°0 $£0000 Jo [ Lo 1on (SS ¢ TD 101-90d] DIFIALLS

1£000°0 1€0000 | O | €O s19912(] ON 6E000°0 1£0000_ JO L[ -SNYUL] HIF1AILS

I 7200070 120000 [0 |¢€fo0 s1o919 ON " [Z000°0 120000 10|20 XA ATPTALLS
+4000°0 gi0000 [0 € |0 §15513( ON 760000 €10000 [O|L1oO JOTHOAXOHIAW[ ATFIALLS

+7000°0 | Z£000'0 | SZ000'0 | L0000 re000c |0 €| ¢ T0SLOMSTON | £€9000°0 | 20000 0L1¢L ANTZNAGOIO THOVXHH| ATFIAILS
$.000°0 vL000c o€ |0 s19919(] ON +6000°0 rL0000 [0 ][0 AAIXOdd 4O THOVIJEH| ATFIALLS

+000°0 +000°0 olclo s199%3(] ON 50000 +000°0 o[Zi]o O HIVIdAH| ATFIAILS

700070 70000 0l€lo S15313¢] ON $7000°0 70000 6|0 ANVAIOTHI VNNV D| ATFIALLS

810000 | ZE000'0 | ZTEOOOD | LZ0OOO 970000 |0 | €| 1 s10939(] ON £E000°0 9z0000 |0 | L |0 {@NVGNID OHEYINIWVYD| ATFIALLS
6200070 820000 Jol€loO $15313(] ON 9£000°0 870000 |0 | L |0 ANOLIN NIYANa] FI+1ALLS

620000 820000 |0 €0 s15333(] ON 9£000°0 820000 |0 [L]0O JAAHAATY NTIANT| GIFLALLS

150000 1S0000 [0 | £ |0 sioe1e(] ON 900070 150000 |0 L]0 NIFANA] AIFTAILS

] 550000 v$0000 [o0{€ |0 515939 ON 89000°0 vS0000 |0 | L |0 ALVAINS NV INSOAND| dTF1AILS
$5000°0 ¥S0000 [0 € |0 $15979(] ON 89000°0 ¥S0000 [0 | L]0 T NVATNSOaNH| AIFTALLS

$S000°0 vSO000 |0 €| 0 $15919(] ON 890000 +50000 [0 ]L]0 INVATNSOANG| ATFIALLS

9£000°0 950000 |0 €0 S19513(] ON $F000°0 980000 |0 { L |0 NI T31a) TFTALLS

87000°0 820000 |0 €0 §19913( ON S£000°0 820000 |0 | L ]| O DHE-VITAQ| AIFTALLS

+20000 ¥Z0000 0| €70 13 0N | toooo +Z0000 |0 | L |0 DHE-V13d| dTFTALLS

£F000°0 €F0000 [0 |E |0 s10312(7 ON ¥5000°0 EFO000 [ O | L]0 C ANVQIOTHD VHATV| HIFIALLS

LEOOOO LEOOO0 |0 e |0 s1931e(] ON 940000 LEOBOD |0 [L[O DHA-VHATY| ATFIALLS

6FO000 | - 6F0000 | O | € | O s15313(] ON 790000 60000 | 0 | Z |0 NIEQTV| d1FVALLS

990000 $90000 |0 € |0 $12913(] ON 78000°0 $90000 |0 | L |0 LAA-F+| dIFIALLS

210000 810000 |0 |0 $10913(] ON 720000 810000 |0 | L |0 AA-++| AIFTALLS

FF000°0 £r0000 |0 | e |0 S15318(] O +5000°0 £F0000 |0 | L |0 Aaa-+rl AIrTALLS

820000 820000 |0 | € |0 $19913( ON SE000°0 826000 [0 L]0 LAA-+ 7] FIFTAILS

Z£000°0 160000 |0 |€}o $10519(] ON 6£000°0 156000 [0 |2 |0 4aa-#7[ AIF1ALLS

£9000°0 190000 [0 l€ o0 $19519(] ON +8000°0 190000 |0]cZfo Qad-+¢| AIFIALLS
N

LOALA [LOXIFIAND TIAVS | L3FLIA | LDALAA [LDALAANND [LOALAAND | H# ALXTYNY GOHLAN

NVIN | XVI NI XV XVI XV NI XYW NIW
AONTLAITd STIIANV1
(z 3o 1 33eq)




STX VS paVIwpseIqonitodantngg jorintom zo K

SALIS ADNIHIATY ANV STIAANVT
SHTdNYS ALV VIS A0 AYVININS

S 9IGBL.

DN ILIIS0ILN) = U0 UBIN (3e1.1) 9THIEND) UOTIEPIEA BIR(] = 14
{uonyeoyI[end) JOIEpIE A BlEQ) uonepyeA e Sunngg paioefay sejdues Jo oN = bE
Lipend) pajemsy e st se[dures Jo "ON [EIOL = S# sgDd SPUSLL PUE SMEIS VYON=  DIFIAILS
oN[E A JEOLIOUNN] PIIRIDCSSY Y], = [ §10313(] JO "ON = q# ISAON
PE000°0 £€0000 JO0Jc]oO 519079 ON 1+000°0 €0000 1O L |0 ] 1Dn (F0) 8-40d] DIFIALLS
15000°0 150000 |0 | E | O S1513(] ON £9000°0 150000 jo0 L |0 Ton (F¥ €6 LL-gDd| DTFIALLS
87000°0 870000 |0 |€ |0 $109319(] ON SE000°0 820000 10 | |0 ] TOn (FY €0 99-90d| DIFIALLS
<£000°0 ¥E0000 O | €| O 519575(] ON £+000°0 tE0000 10 | L |0 ] 1on (S CTD 7 9Dd| DIFTALLS
£000°0 620000 |0 e |0 s10973 ON LEOOD0 620000 [0 | L | 0] 1on (S°€° 7D #rdDd| DIPIALLS
£6000°0 260000 |0 | €10 s121q °N . | T1OOC 260000 10 | |0 Von | - (F+'7)3280d| DIFTALLS
B $000°0 S000°0 olelol $19919( ON 790000 6FO000 |0 | 2 |0 | Von (99°S° S F ¥ £°€.TT 607-9Dd| DIFTALLS
70000 10000 |01t |0 519933(] ON 750000 170000 |01 Z |0 | Ton (O S P L€ 90T gDd] DIFIALLS
+5000°0 ¥SO000 |0 1€ |0 §19933(] ON 89000°0 ¥S0000 |0{f]0 (S FH.E£E.CT) S61-8d| DIFIALLS
$S000°0 £60000 | 0] € |0t | TOSTOMSIOW | £¥000°0 | £FOOO0 | L9000G €50000 |0 L1 (OS¢ FE T [81-9Dd| DIFIAILS
£9000°0 290000 |olelo TOSTOMSIOW | £8000°0 | £80000 | F8000°C 950000 |0 L 11 (S HFTELD 081-80d| DIFIALLS
+F0000 vFO000 |0l E[O 10S60MSTON | +100°0 | #1000 $S000°0 PFO000 |01 L)1 (520 81-6D0d]| DIFIALLS
$Z000 $700°0 ole]o §15919(] ON 78000 $700°0 olclo S F Y £E.00 0L1-80d] DIFIALLS
£70000 | ¢€zoo00 |olcfo 10STOMSIOW | 1106°0 | I100°0 62000°0 £20000 |01 £ )1 (S S F T €S1-dDd| DIFTALLS
$8000°0 900070 olclo s10913(] ON 11000 790000 |0 L |0 (SFFE T 8e1-9Dd| DIFIALLS
6200070 620000 |0 1€]0 $10019( oN SE000°0 620000 |0 L |0 (P T ST1-EDd| DIFIALLS
SR m
INOD | 1DA1Ad | 1DALAA [ IDFIIANA [LDALAANN [ s# [ae1d] TTINVS | LOALAd [ LOALIAd | IDALAANND [LOTIAANN SIINN ALATVNY QOHIAW
NVIW | XV NI XVIN NI XV XVIN NI XV NI
(z Jo 7 a8eg)



STX VO pgV.IWP\Sajquinioda st ngg Joinpi sy <

RIA OLISTIOSD) = (1) Ianrieny) UONEPIEA ®IE( = 14
(uoneayIeny) JoIEpiEA BIECT) uonepleA meq Jutmng paroelay sajdwes Jo on = u# SgOd SPUALL PUR SMTIS VVON=  DIFIALLS
Appeng) pajewrsy e St sordwres jo ‘oN w0l = S sopIosed SPUSIL PUE STOWIS YVON=  FIFIALLS
INfE A TROLIAIIMYN PHMEIDOSSY SG] = di# 1S3I0N
L€l %4 +'6 0 € tr 01 €20 I ON/O0 T E6 921 g0df DTFIAILS
0 0 i 78 T i oW/ TV F.ETI8IT-9Dd| DIFIALLS
9/8°0 €7 €1 0 Z L 9's S0 i oNON (FH T 501-aDd| DIFIALLS
0 0 " : i OM/Dn ($°S°€" D) 101-GDd| DIFTAILS
0|0 HEARE 0T SNVIL]ATPIALLS
9g°T €c By o 0€ele €1 +80 (70 18| s | owon XAAIA| ATFIAILS
790 oo €10 £10 FED T [g |71 | owon MOTHOAXOHLAW| ATFTALILS
£e0 olc]o 110 18 |o|owon ANIZNIHO IO [HOVXAH]| TFTAILS
650 0ol€|o0 +9°0 PO L0 118 ]€ | owon AAIXOd O THOV.LATH| HIFTALLS
970 0|0 6070 1 [s|o]owon HOTHOVLATH| AIFTAILS
vl olclo L8 17 840 I [e|¢]odon ANVAIO T VIWNYD| ATFTAILS
10 oo vy €1 720 18|z {o%on EANVANIT DHE-VWAVO| TIFTAILS
100 olelo ¥2°0 I [s|o|owon ANOLIY NRIANH] ATFIAILS
16+0 61 61 1£°0 ole|1 6'S 6°¢ +7°0 T[]z |owon AQATIIQTY NRIANA| ATFTALLS
620 olclo 9 97 S1°0 1 [s]¢|odon NTEANd| d1FTALLS
1 ol€]o 11 I'T SED 18|71 [owon ALVATNS NVITNSOANA| HIFIAILS
] olclo 8k 8F SE0 T g1 |owon T NVAINSOANd| A1FTALLS
8890 €71 €1 i o lc |1 SE0 1|80 |owon INVAINSOQNA| A1FIALLS
750 olelo 8T 87 62°0 T st | odon NIDSQTHIG ATFIALLS
ZE0 olc|o £7 9+°0 800 18]+ [owon DHE-VLTAA] ATFIALLS
- FO 0lejo] SOSEOLWION [ 2T | 0 “zzo |1 [s|€e|owan o ~ DHE-VIdd| FIFIALLS
80 ol¢|o £ 660 PO 18|z |owon ANVAIO T VHATV| ATFIAILS
[ €1 €1 Lr0 Dleld 67 | 80 190 18| ¥|owon OHE-VHITIV] d1FTALLS
[l olclo 350 180 |owon NIV ATFIAILS
6780 6L 6L 8.0 N E LE LE €70 1 [s]1 |{o%on LAd-+ | ATFTALLS
FE oo 09 9% 61 T8¢ |owon 44d-+¥| FIFIALLS
7T olslo 99 9 71 1 [s]z{owon aqa-++| ATFIAILS
B S0 olelo 71 T 870 I {8 |1 |owon LAA-FZ| I IAILS
£3°F IS L't ofjele L70 I8 ]o[oxwon Jad-+T| APIALLS
880 olelo 8F°0 T8¢ |owon aaa-+z| aIrralLS
ONOD [ 1DA14Ad [ LOALEd [ LDFLAAND | IDILAANN LOAIAd [ 1oLy IOILIAND SIINN TLXTYNY AOHIANW
NVIW | XV NI XY XYW NIW NI
FONTIAITA STILIGNVT

(Z 30 1 38ey)

SALIS 3ONHHHAHY ANV STIIAANYV']
SATdINVYS HNASSLL AVDTIV NMOYT 40 A VININNS

Ot 3lqel




CIXVY PV, [\OP\Sa1qui L0da.s1.09 £ oo 1oy &

UEIY olRwoan = 2U0)) Ura ]y (ery) Jayrend) Uoneplfes vl = 14
(uotenjIfeng} J0JEpIE A T1e(]) uoneplies e Suung paroafay saqduteg jo oN = q#
Anrend) pejewmsy e st safdureg Jo "oN [R10] = S# SO SpUal] pUe SIBIS VVON=  JIFIALLS
anfeA _Nﬂ,.-u:.-,:z ﬁm.-mﬂuowm..a\ 0FH = H SRR I0 CN = d# 80N
SE0 1o 0 0 SOSTOLINTOW 't £6°0 8570 S0 NEREREEER (+'7) 8-90d[ DTFTAILS
780 v'0 0 0 SOSSOLN 10 €1 97 ¥l 870 11e|z|ovwon (P €0 LL-gDd| DIFTALLS
79°0 €0 0 0 COSTOINTOW 8'F 8t 1 tE0 Tls |1 [owon (FF.E£7 99-90d| DIFTALLS
0¢ 8L°0 0 0 SOSFOLNTOW £l I't €1 £L°0 18|+ |9¥on ($'5°7°0) T5-90d| DIFIALLS
LED RI°0 0 0 SOSFOIINTOW tL tL 99 zi'0 118 |1 |owon (ST rFaDd| DIFIALILS
10 770 0 0 SOSSOLNTOW 89 z Lo +Z°0 118 |¢|owon (F+'7) 87-40d| DIFIAILS
€0 L1o 0 0 SOSFOLN IO £ £SO LSO 4 118 |2 |oWon FFECTT 602-8Dd| DIFIAILS.
T S R A S T 0 € SOSIOTNIOW 01 18°0 850 SED 18|+ |owon FFEC T 90T 0| DTFIALLS
979°0 S6°0 70 LLO LEO 0 4 SOSTOLATOW 9] FE0 1 0 1181{¢ |o¥won WS FP 2D S61-a0d| DIFIALLS
Sl 9L°0 0 0 SOSTOLNTOW 0¢1 11 [s¥4 1z 1865 |ovon (0°.5'S H T L31-dDd| DIFIALLS
8180 €T 950 $8°0 $8°0 0 z SOSTOLNTOW 091 1 18| L]0 (S F 0D 081-°Dd| DIFIALLS
9t°0 770 0 0 SOSSOLN 0N 8 67 £9°0 £€0 181+ |o%on (§°.2°2) 81-82d| DIFTAILLS
990 1 9c0 | 0 £ SOSTOLWTOW 68 560 T8 1L |oW90 G PP 0LI-gDd] DIFIAILS
o 0 0 SOSTOLNTOW oIz o€ 9°¢ 61 118127 |00 (S HT'D) €ST-d0d| DIFTALLS
0 1 SOSTOLNTOW 071 7z 'L Pz 1181z |ovwon (S FHE D 8e1-dDd| DTFTAILS
0 i SOSTOLINTON 9°C : 1{81]¢ DIFIALLS
N
INGO [ LOHIAA | IDALAA [ IDOALAANN [ LDALAANND | d# a# ATJNVS [ IDALAA [ IOFLAA [ IDALAAND [LOALTAND | ¥# | §# [ a# | SLINA AILATYNY AOHLAW
NVAIW | XVIN NI XVIN NI XVIN XVIN NI XV NI
AONTITITE STIAANY'1
(7 §o 7 3deqd)

SHLIS HONHIHATY ANV STTIAANY'T
SHTAINVS HNSSIL AVS TV NMOTL 40 AYVININAS

9

9L L




STX VZ-paV WP Seiquitaods s ng § fornani zoyy £

UBSIA JLIRWOIL) = UG UBSIN (Ferg) Isgnend) UoHEPIIEA BIB( = T
(UonednITen) J018p[E A BIRCD) voliepleA Ble( FULN( peloefay selduwes Jo 'oN = g# SHDJ SPUAJL, PUR STIBIS VYON=  DJTPIAILS
Anuend) pa1eumnsy e st se[dwreg jo ‘oN [w10] = S# S3pIoNs3d Spusly, pue sSMEIS YVYON=  HIFIAILS
AM[eA [EIIJWMN PAIRIJOSSY YL = I $1091(F JO "ON = as SOION
10 360 020 [ ]2SIOINION £z €7 SFO ¥E0 71811 ]o%on C P ED) 921-90d[ OIFIALLS
vl el 0|z|o 90STOINTON 11 TF 1 T AEREAER BN S FEED 11-90d| DOTFTALLS
82°0 970 olz]o 90STOINTON ST 31 ST0 0 781z |[owon (F¥ €67 S01-90d| OIFTALLS
A I'1 olz|o §19919(] ON T +6°0 780 |DWDL (5°5'¢" .22 101-9Dd| DIFIALLS
4 9o} TO Otzjay | seeedoN | | L 90 960 1 Z718 10 (0ONON|  HOTHOVNONSNVYL| SIFIAILS
s | T Fard olzizc 90S80LINTOW 9'S 80 z 8|9 |owon XTI | AIFIALLS
8€°0 $E0 ofz|o $10939(] ON 8€0 £0 7180 |o¥Won WO THOAXOHITN] ATFIAILS
0 610 0o[z1o 90STOLNTOW 5L 61 810 910 z 8|z |oxon INFZNAGOUO THOVXAH]| AIFIAILS
L1670 I ¥80 0lzlz 90STOLNTOW 1z Iz iZ0 ¥ 0 Z 8|71 [owon JAIX0dd MO THOVLIAH| I+ ALLS
LU0 N olztlo 90STIINTOW Sl 8¢°0 L1°0 ) Z18 ¢ |owon MOTHOVILAH] AIFTALLS
180 80 olzlo s19915(] ON 1870 69°0 Z 8| o [o¥on ANVTIOTHO VNN VO] TTPIALLS
ST0 €Z0 olz]o 90SZTOLN 10N [ vl 70 70 78]z |owon ENVANID DHE-VINIAYO| 3IFTALLS
) I+'0 olz]|o §19313(] ON S0 SE0 z 3o [owon ANOLT NTEaNd| 21FTALLS
S¥ 0 1+0 olz]o 510032 ON <Fo <E0 Z s [0 [o¥on AQAHAQ TV NIANA| AIFTALLS
LE10 170 120 81°0 810 AR SOS60LNION | #20 vZ0 810 v1°0 T8 |71 [o%On NIYaNA[ FIFTALLS
59°0 90 olz]o §19918(] ON 590 7570 z 8 |0 [owon GLVAINS NV INSOANT] HIFTALLS
$9°0 90 ojz|o S0STILNTOW €1 €1 $9°0 €570 7811 [oon T NYITNSOANA| SIFIALLS
o | sso S50 $9°0 ¥9°0 0]z|1 s1v918(] ON $9°0 7570 7 8|0 [owon INVATSOANT| HIFTAILS
E0 €0 ofzlo s19912(] ON 780 970 z 8]0 [owon NI TEIA| aTFTALLS
€510 910 110 0|z [ZI'T 1 90S80INION | S50 ST°0 70 910 718 |1 |owon DHA-V.L A AIFTALLS
- YT 770 olz o sepgoeN | T TR0 610 Z s [0 |owon| OHA-VIdd| ATFIALLS
600 ) or1zlo s1e13(] ON 6t'0 6£°0 AERREEDE ANVIAO IO VIV IFLALLS
S8 T Tl 0lz]z $19919(] ON €0 VT 0 Z|e |0 ]D0¥on DHEVHITV] ATFIALLS
88°0 780 olzfo 515919 ON 88°0 L0 718 |0|oYon NI TV JTFTALLS
8+°0 Pr0 olzlo 90STOLINTON 81 81 w0 8€°0 7|8 119o%WOn 1Aa-F¢| dIFLAILS
17 7 0]z 1io 90STOLINTON 9 €0 81 R z |8 ]¢ [owon AAA- 7| ATFIALLS
£1 Fa 0lz1fo 90STOLN IO €S € 1 I Z |8 |z ]| owon add-+¥| IFIALLS
1€0 620 olz]o 10212 ON 1£0 570 Z1¢ [0 9o9on Lad-+'7| ATFIAILS
6¥0 SHo 0(z]0 s19e12(] ON 6170 6£°0 718 [0 ]o9on 4aa-Fz| AIFIALLS
. : olz |1 90STOLNTON : : 3 z 8 7] o%on aad-+c| aFIalLS

LOHLAd [L0dIAANN [ DA IIANND ATAAVS | 1I0ALAA | 1AL [IDIIFTAND [IDAIAANA | d# | S#
NVIN | XVIA NI XVIA NI XV XY NI XVIN NI
AONTULITH STIIAANVT

(z Jo 1 28eq)
SALIS ADNIYALTA ANV STIIAANY'T
SHTIWVS HASSLL AVOTV NHTYD A0 AUVININNAS
L olqel



CIX V.- bAV.IPSaiqunaodangg sy zop £

SHLIS SONIHILIA ANV STTIIANYT
SHTJINYS HASSLL VDTV NIIED 40 AHVIANAS
Ly 91qe],

WeIA] JLIBWOIN = QU0 UBIA (FeL]) 10giend) woneplle A vle( = I
(uoneoyIend) J0IEPHE A BITCT) wonepleA vied Butm(] paioefoy sopdureg jotoN = Wi

Amuend) pajeunisy ue st serdures Jo "oN [e10] = S# SO SPUSLL PUE SIBIS VVON=  DIFIALLS
ANfE A [RILIUMN] PAIRIDOSSY Y], = Iy s10913(1 Jo "ON = q# [$ON
70 70 ofz]o 8132197 ON 770 L10 Z s ]o|owon (+"D 8-90d] D1FTALLS
150 Lo olz]o GOSTIINTOW | 8+ 0 8F0 150 0 z 8] 1 {owon (FH.C0 LLgDd| DIPTALLS
3€0 SE0 olz]o s19912( ON 8€°0 £ Z g |o|o¥on (F'F.£°7) 99-40d| DIFTALLS
S0 9%°0 020 |9SIOLNIOW 1 7’1 0 6E°0 28| F|D3on (§°5°.2°7) 7$-9d0d| OTHTALLS
£7°0 170 olz]o $13219(] ON €70 810 [ EREN RS ($°€°.2°0 vr-90d[ DIFIAILS
L0 S0 oflz]o 122197 ON L0 770 Z 8|0 iowon (+'+7) 82-G2d| DIFIALLS
7T0 (4 01210 90SZOLNIOW | 1270 1o 61°0 LT°0 z sz |owon| (9SS .£'ETD 60T-8Dd| DIFIALLS
€10 €10 €10 6E°0 6£°0 FREAE 90SZOINTOW 6L 3T SE'0 1£°0 78|z |o¥on QLSS H LT 90T HOA| DTFTALLS
L+0 €40 clzlo 90STOLNTON 91 S9 0 3E°0 8]z }owon O S .2 S61-4Dd| DIFTALLS
96°0 68°0 of{z}|o 90SZOINTONW 66 9Z°0 718 |99Won @85S ¥ e T'0) L81-9Dd) DIHTALLS
£5°0 640 0]7]0 90STOLATOW 0tl 91 [ ERERD B ($°C'#'v'e.2°7 031-GDd] DIFIALLS
870 9Z°0 of{z|o $19919(] ON 87°0 €20 71810 |9¥Won (670 $1T-8Dd] DIFIALLS
190 w0 1£0 ojzle 90SZ0INTON vl 10 71819 |oWon G FF T 0LI-dDdi DTHTALLS
17 Z olzlo 90SZOLATON 081 61 Ll T8¢ |o¥won (S FFTD €S1-0Dd] DITIALLS
LT [ ofzfo 90STOLATON £T 77 T8 |¢|o¥on S FFED 8E1-dDd| DIFTALLS
L9°0 790 olzf|o 90STOLATOW 65°0 €50 M EREARETEN FPLEE T STIED) DIFIALLS
INOD | IDALAA | IDALAA | LOALAANN [ LOALAAND | H# 1A ATAWNVS [ IOALAd | IOTLAA [ LOALAANN [LOALTANN | 9% SLINN ALXTYNY dOHILANW

NVIIW | XVI NI XVIN NIIA XYW XYW NI XV NI

AINTAALTH STTIIANYT
(z J0 7 33eq)



STXVE-$gY.IPAaiquraodoning g jorod 2ol &

UBIA] 111910090 = oU0D) UBIN (Fer]) Jogirent) TonepieA BIR( = 14
(uotyeotyifeny) Xojepie A ¥1e(]) uonepl[eA we SuLn( pasalzy sapdweg jo -oN = a# SEDd SPuUsL] pUR snIvIg YYON=  DIFIALLS
Apueng) palewmsy e st sajdures jo -oN 0], = S# SapIonsad Spuel], pue smels VVON=  HIFIALLS
anjeA [eOLIOUMY] PIIRIDOSSY Y[, = I $19913(] JO 'ON = a# ISAON
7E0 780 iJz]o SI9RQ ON_ i I 1]z o0 [oon S F L0 91-g90d] DTFIALLS
I 1 T{zlo]fr |80SSOLNIO 1{z |1 {owon S F ¥ £ 8I11-8Dd| DIFIALLS
770 0 I|z]o R0SSOLNION 11z |1 |9o¥Won (FH.£¢2) S01-90d| DIFTALLS
: ijz]o 80SSON IO Ilzl1 (£°6°€° .72 101-90d| DIFIALLS
i B SED SE0 1[zlo 515912 ON I1lz]o|o MO TIIDVNON-SNVUL[ ATFTALLS
- £7°0 Rz 1lz]o $10919(] ON 1 9o 9.0 1{z]o|owon XTIIA| ITFIALLS
620 670 . I1|lz]o §10913(] ON 760 +60 1|1z ]o0|owon WO THOAXCHLAW/| ATFIALLS
ST0 SI0 1{zjo §15919(] ON S0 <0 1120 {owon ANAZNAIOIO THOVXHH | ATFTAILS
€70 £7°0 1lzlo 519339(] ON SL'0 SL0 1]z ]o0|owon AAIXOJT AOTHIV LIAH| ATFIALLS
€10 £1°0 1fzlo $19319(] ON 0 1+0 I{z]|0|oWon AOTHOV.LJAH] ATFIAILS
L9°0 L9°0 11240 510339(] N 72 7T 1]z ]0|owon ANVAIOTHI-VINNVD| ATFIALLS
610 61°0 1lz]o SR ON | 90 79°0 1]z ]0|oxon ENVANID DHE-VIANYO] JTFTAILS
¥£'0 $E£0 1]lz]o selg oN | [ 1’1 1 ]z]o|owon ANOLAN NIYANA| d1#1ALLS
i ¥ED re0 I1lz]o 519939(] ON 11 i1 I z]o|owon HAAHAW'TY NIFMANT| dTFIAILS
FI°0 vI0 1lz]o §19959(f ON SHo S0 T|z1o[owon NIFANT| HIFTALLS
S0 S0 t{z|o S1e19(] ON 91 9] Tz}|o|owon HLVAINS NVAISOANE] HIFTAILS
S0 S0 tlz]o $10283(] ON 91 9] I|z1o|owon 1 NYJ1SCUNA| HIFTALLS
S0 S0 T|{z]o 19312 ON 91 97 1|z {0 |owon [ NVATNSOANT| dT+TAILS
$7°0 <zT0 ilz]o s1092(] ON 80 20 1tz |ol|owon NIEATEIA| H1FIAILS
ST0 SI'o 1{z]o 519919(] ON 6F0 6070 1z o [owon DHA-VLTAd| HI+TAILS
600 61°0 T]lz]o S19933(F ON 1970 19°0 I [z ]o[owon OHA-V.Lad| HIPTALLS
| 8E°0 8€°0 tiz]o s10670(] 6N T1 Ea i [z o |9¥on INVITIOTHO-VHITY| HIFTAILS
0 70 t{zfo 1312 ON S0 SL0 I|z}o|owon| DHE-VHITV| HIPTALLS
T 890 89°0 1{z]o S19313(1 ON 77 7T i [z 1o |owon NTIATV] IPIALLS
LED LED 1{z|o §12233(] ON 71 71 I lzlo|owon LAd-#+| dIFIALLS
91 91 1{z|o $15279(] ON £ ¢S T{z|o|owon dAd-F+] IPIALLS
i 1 t{z]o $10913(] ON ¢'e £ 1 |z1o|oWwon dad-+v| GIPIALLS
¥2°0 ¥Z0 T{z|o S1P31R(] ON 810 8.0 T|zjo|owon LAd-+7Z| d1FIALLS
8€°0 8E0 ilz]o 5199791 ON : : Iz ]o|o¥on AQA-+7] IFIALLS
$0 0 i{z]o $19319(] ON I ]z|o|oxwon Aad-Fz} diF1ALLS
00 [IDAIAd [1DALAA [LDALAANA [LDALHaNN [ [ s [a#|1d ] T1dwvs | LDALAA [ LOAIAA | LOFALAANN | LOALAANIY | 44 HALATYNY AQOULIANW
VAN | XV NIW XVIA NIW XVIN XV NI XVIA NI
HINTAAITH STIIAANYT

{7 J0 1 23eg)
SHLIS ADNHYHARY CNV STTIHANY']
SHTAWVS ANSSIL SNd0LD0 0 AFVININIS
8-y 21qe]



CIX VS gV I\wp\Sa1gongiodangingp foroo iy §

U A JIHIWORL) = 2UOD) TR (SeL.1) s9mIren)) UCHBPI[RA B1R(] = ot
(wotieolE[end) I03wplE A ¥1e) uonepnEA ¥re(] 3uun pojosley sejdureg Jo oN = ag
ALnuend) pa1eudnsy e s sojdureg jo "ON [EiOL = SH# SgDOJ SPuUl] PUe SNBSS VVON=  DIFPIALLS
IN[EBA [BILISUINK] PALIOOSSY ], = i S)oRI(I IO ON = a# 1SAI0N
LT LT0 1fz]o §19913(] ON P60 50 I {z]o[odon (+'7) £-90d| DIFIALLS
6¢°0 6€°0 1{zto $19913¢] ON €1 €1 11z o |ox¥on Pt €0) LL-9Dd)| DTFIALLS
620 62°0 1]1z10 s19219(] ON 96'0 96°0 1{z}o|owon (FF £ 99-92d| DIFIALLS
8E'0 8€°0 1{z]o0 s1213(] ON A 7’1 T{z]o|o¥on ($'S T T5-4Dd| DIFTALLS
210 210 1lzlo §1991(] ON LSO LS50 T{zlo]odmn (S TD pt-dDd] DIFTIALLS
120 120 1lz]0 $19912(J ON 89°0 89°0 T{z|0o¥on ('t 87T-9Dd| DTFIALLS
i LTO LT'O T[z]of | sRgoN | sg0 S50 T]z]o[owon| (9es+¥.EE.TD60Tddd|IIFIALLS
£0 £0 11210 80SSOLNTON 91 91T | T{Z!1|99oN ("SSP H e T W0THOL| DIPIAILS
9¢'0 9E°0 1lzi0 80SSOLWTOW ¥ t 11zl |odon O S P77 S61-9Dd| DIFIAILS
FLO PL0 1270 80SSOLNIOW 17 ¥4 Tz |1 |o¥on (95 F e T LBI-dDd| DIFIAILS
vZ7°0 Y0 ¥Z'0 IHERE S0SSOLWTOW 5t SE T1Z]119%o0N ('S PP ) 081-aDd} DIFTALLS
S1°0 S1°0 S0 T{z]|1 §19919(] ON 1.0 120 T]1210]9¥on (6°2°2) 81-4Dd| DIVIAILS
570 570 1]lz]o 80SSOTINTOW €1 £l Tlz|1 |o¥on C P 0L1-aDd| DIFIALLS
£9°1 £9'1 1]z]o 80SSOLA 10 £€ € Tl |1 ]o9mn (S F 77 £51-9Dd| DIFIAILS
t0'Z 10T 11210 80SSOLNTON 81 81 11z |1 ]o%on (S ¥ €77 8e1-dDd| DIFIALLS
i : 1210 80SSOLNTON i i INEAE (r'r.'e'7'D) 821-dDd
058!
IONOD [1DALAA | IDATAA [LDALAANA [ IDALAANN (94 | S# [a# | Ta | ATINYS [LOALAd | LOALAA | LOALAAND | LOALAUNND [ d# | S# [a# ] STINN ALXTYNY
NVAW | XVIN NIW XV NI XVIA XV NI XVIN NI
AONIIIAA T STTIAANVT
(7 §0 T ?28eqg)

SALIS ADNIIHATE ANV STTIAANV']
SATdIVS ANASSLL SAdO.LO0 40 AYVINIANS
8-p e



CIX V6PV [op\sa1quniiodaning ¢ jorogou zoy\ &

URSA JIIRWI0sT) = U0 UBAA (3eL]) IaI[EN]) BOTIRPIRA BIR(] = T
(uorredstyreng) I05epIe A BB uonepi[eA TIR(] Sutm(] pa1aley sapdwes jo o = M sgO)d spusl] pue snielS YYON=  DIFIALLS
£inuent) payeumsT ue s1 sapdureg Jo "oN [e0], = S# $3pIoNsad SPUSI, PUB SIEIS VVON=  HIFIALLS
SN[ A [ESLISWNN] PAIBIDUSSY S = I $19918(] Jo "oN = u# S3ON
<80 vL0 olz|oO 519313(] ON 1 690 z s ]0[owon CF D) 9-dod[ DIFIALLS
27 ¥ oz | ol |oSsolATON Sg €7 z|s [T | 9o¥on S FY 0 811-90d| OTFIALLS
¥19°0 €1 €1 85°0 85°0 R KR LOSROLNTOW L0 L0 Tl s |z |odwon (F1.667) s01-9Dd | DIFIALLS
7 : otz|o LOSG0LA L0 zls|¢ ($°$°€°2°D) 101-9Dd | DIFIALLS
670 7870 olz]o LOSSOLIN 10 , A ERENE — YOTIDYNON-SNVML[AIFTAILS
13740 $50 Rt olz |z L0SSOLINTOW 8L°0 715 |7 {o¥on XTI | dIFTAILS
110 19°0 ofz|o $12999(] ON €9°0 z|s [0 ({9don MO THOAXOHLAW| HIFTALLS
1+0 9¢°0 olzlo S12073(] ON €60 z|s [o{o¥on ANAZNATOIO THOVXHH| TIF1ALLS
79°0 PS°0 oltzlo 510932 ON S0 z s o {owon AAIXOdd JOTHIVLITH| HIFTALLS
PEO £0 KA $15079(] ON 170 z s o {owon MOTHOVIdIH| ATFTALLS
81 9T ociz|o $12919 (7 ON vl z 1< |o|owon ANVQEOTHD VNINVO| ATFIALLS
9870 7€0 ZE0 150 150 oz |1 510933(] ON 0 AEFRERE (ANVANTD DHE-VINWVD] HTFTAILS
160 30 olz|o §19932(] ON vL0 z s |o{9o¥on ANOIAN NIMANT| ATFTALLS
160 20 oiz|o §12313(] ON +L°0 7| s [o{9o%on AAAHAGQTY NRIANA| HIFTALLS
LEQ 70 olz|o $1091(] ON €0 z s [o|owon NRIANE| dIFTALLS
£l 71 oflz|o $199%0(] ON Tl z|s | o|owon HLVAINS N¥AINSOaNd| 1+1ALLS
€1 71 olz|o §12219(1 ON 11 s |o]owon T NVAINSOANT| AT+ ALLS
€1 71 olzf|o 513315(] ON 11 z|s o {oaon INVATNSOANA| AIFTALLS
99°0 850 oiz|o §19919(] ON ¥§0 z s |o{owon NTMQTHIA] ATFTAILS
1¥0 SE0 olzlo s10918(] ON 950 €£0 AREREE JHE-¥11dd} AIFIALLS
570 sT0 | T S0 o Jolz|1 spapgoN | | 690 +0 zls|o|owon ~ DHEV1Hd|dIFIALLS
1 820 olz|o $1991(1 ON 1 78°0 z s |o{oWoOn ANYAIOTHO-VHATY | AIFIALLS
790 ¥S'0 olz|o $159%9(1 ON 98°0 <0 z[s [o|odon JHA-VHJIV| ATFIALLS
81 9] ofzlo $12913(] ON ST [ z s |o[odon NDRIG TV AIFIALLS
860 930 otz |0l |iossoLATON I'T 6570 71 1 z s |z lowon 1aa-r's| TIFTALLS
F 8¢ 0z o1 [Z0S60INTON R 7 LTS 17 7|5 |7 | odon AqA-++| ATFTALLS
Lz +T oz |0l }roS60LATON 71 1 g 77 z|s |71 {owon aaq-++| ATFIALLS
90 95°0 olzlo §19213(] ON 6870 0 (T |s o |owon 1aa-+z|AIF1AILS
i 88°0 olzlo $12933( ON +1 780 7|15 |0 |owon 4aa-F7| d1v1AILS
: olz]o LOSGOLNTOW . . - : zls |z aaa-+¢| AIriALLS

LOALEA [ LOALAA [LDIALAANN [LOTLACNN TTIIAVS | LDFLAd LOILAANN | LOAIIANND [ a#
NVAW | XV NI XVIA NIW XV XVIA NI XVIA NIW
AONTIASTH STIHANYT

(7 Jo 1 93ey)
SALIS ADNAYALAT ANV STIIANY'T
SHTIAYS ANSSLL YFTWNADIND VAS 40 AAVINIANS
6-F S1qEL




STIX V6V Iwepsogoniodaning g joroumy” oy £

UBSA] OIS WOsL) = U7y UBIJA (e} Jegi[eny) uoneplieA ele(] = I

(uotteayreng) 1012pIE A EIRCT) uonepye vie( Smwmct paefey sspdureg jo oN= o
Amuend) pajeunsi Ue st sajdureg jo "oN jEI0L, = S# SO SPUSL PUE STIEIS VWON=  DTHIALLS
INfe A [EIISUMN] PAIRIS0SSY YT, = r $12219(] JO 'ON = O# 1S3ION
ST} 6€°0 olz]o 15219 ON 790 9¢°0 z]s]o (D 8-92d[ DIFIAILS
I 160 ofzj]o §10099(] O Fl ¥8°0 TS0 (¥ LL-gDd| DIFIAILS
6L0 69°0 olz|o S1091(] ON 'l ¥90 TS0 (F'+.£'7) 99-9Dd[ DIFTALLS
901 60 olz|o S1093e(] ON 11 £8°0 z]s|o ($'6° T 76-ddd| DIFIALLS
L0 I¥0 of{z |0 $19319(F ON £9°0 8€°0 z1sto (S'€TD Hr-90d| DIFTALLS
96°0 60 olz]o s10810(] ON £L°0 S0 REE (F¥T 87-82d| DIFIALLS
5770 ~ 6£0 olz]o S109%(] ON 190 9¢'0 5o (9°9°S°S"+*v" £°€"T°T) 60T-8Dd| DIPIALLS
o B B ) 1o |ejzio LOSSOLANTON | L0 650 zis|¢ RSS90 a0d| DIFIALLS
L60 98°0 ofzilo LOSSOTNTOW 1z 61 Al 1 z1¢s]z O CFY €877 S61-90d| DIFIALLS
T L1 ofzlo LOSSOLNTOW T Z1s ¢ (9°.5°¢" #°¢".2°7) £81-9Dd| DTFTALLS
1120 16°0 16'0 1 1] olzir LOSSOLNTOW FL'0 zls ¢ (S F'¢ 77 031-9Dd] DIFIALLS
et 98°'0 olzlz $19913(] ON 30 2+'0 z{gjo (§'2°7) 81-dDd| DIFTALLS
L9 150 olz]o LOS60LNTOW £¢ £8°0 £8°0 ¥8°0 Zlstz CF+ €670 0L1-9Dd| DIFTALLS
e 4 18°¢ ojiz|o LOS60 TN TOW 97 L9°T 9T z{s|ze (S'S FF.2°7) €51-aDd| DIFIALLS
€0t €€ €€ [ [SS51S RERE L0S60IINTON 11 £EE £€°€ zls |z (SFFE D 8E1-Dd| DIFIAILS
t1 1 0170 LOS60LINTON T'1 880 L1 L1 zlslz (¥ .62 8T1-dDd| DIFIALLS

LOALAd | LDALAA | LDALAAND [ LOTLAANA ATAAYS | LOALAA [ LOTLAA | IOALAAND [LOALAAND | 9# | SH
NVIW | XV NI XYW NI XV XV NI XV NIW
AONTIAAA T STIANV]
(7 30 7 3deq)

SHLIS IINHAHATY ANV STIHAANY'T

6-p 2GeL

SATdINVS HNSSIL HEIIWNDND VAS A0 AYVIAIANS




STIXVOI-paV.Iwpsajquagiodaning g joroun oy {

URay 212UWI03n = U0} UL (Se1g) 1ompEn)) Uonepl[RA BlR( = 11

(uotyeaLjIfend) Jo1epHe A BB uoneEplfeA Te(] Smng paisaley sejdureg jo oN = q# SO SPULL] PUR SV VYON=  DIFIALLS

Apueng) pajeunisy e st sejdureg jo 'oN [et0], = S# SapIANS] SPURLL PU SWIBIS VVON=  HIPIALLS

AN[B A [EDUSUMY] PIIBIIOSYY | = I sElaJ Jo oN = q# ISJON

€20 81°0 0f[s]o S19239(] ON LST0 T o [ O¥/on S F L0 9T1-9Dd] DIFTALLS

SL0 850 0js|o T0SZOLNTOW L8 760 9L°0 T L | OO0 S .20 811-dDd[ DIFTALLS

910 210 0(s]o T0STOLATOW T EL0 910 Z 9 | OO (FF €€ S01-9Dd| DIFIALLS

$9°0 150 ols|o IOSTOLATOW ST T L (£°6'¢" .27 101-90d| DIFIALLS

0fs]o s19919(] ON z o(odon| _ YO'THOVYNON-SNYUL| dIF1ALLS

0lsiz [0S0 10N 9.0 11°0 T L | 9Won XAIUA | THIAILS

01s1o $12919(] ON Z 0 | 930N YO THIAXOHLAW| AT+TALLS

0fsiqo I0SSOLNITOW | #10°0 P10 fé 1 | o%/on ANFZNAFOIOTHOVXIH | JIFIALLS

01s1i0 §19919(] ON Z 0 | odmHn AAXOdd YO THOVIIIH| AT+1ALLS

0fsio 10STOINTOW 170 170 T 1 | O¥/on JOTHOVLJAEH| FI+TALLS

01S40 $13913(] ON Fa 0 | o3/oNn ANVAIOTHD-VNINVO| TFTALLS

0rsie 10SFOLALTOW £0 §Z0°0 T 9 | o3/ON (ANVANIT DOHE-VINNVOD| ATFTALLS

0fsio sPa19(] ON z 0 | OO0 ANOLIS NIMANA| dTFTALLS

ofsio 513919 ON i 0 | OO JAAHAATY NIYANA| dI+TALLS

0fsio TOSTILANTOW 88°0 170 z v | o3/on NDIANA| TIFTALLS

0f(sio $19919(] ON z 0 | O¥/Dn ALYAINS NYAUISOUNA| IIFIALLS

ofstio $19919(] ON z 0 | O¥on IINVIINSOANT | IFTAILS

“““ ofsto $19913(] ON Z 0 | o3on INVATINSOANT| dI+TALLS

olsio $12919(] ON Fa 0 | O¥/on NI A ATFTALLS

ofsto $13219(] ON 7 0 | OON DHE-VL19a]| ATFIALLS

ofslt $19219(] ON T 0 | owon _  DHE-VLAd| dIFIALLS

o|s|o §10312(] ON 4 0 |DWon | ANVQIOTHDVHITV] TFIALLS

o[s|r 10STOLN IO LE0 1#0°0 a £ | owon DHA-VHATV| AIFTALLS

olsto 519919(] ON fa 0 | oMo NIDMQTV| ATFTALLS

0(¢s|o TOSTOLNTOW A 700 Z £ | OO 1Ad-++{ IFIALLS

oflsto TOSTOINTOW 11 $5°0 Fé L | O¥/9N Fad-+'+] AIFTALLS

ols|o 10S10LNTON T LT0 7 7 | oWon aaa-F+] dIrIALLS

olst|o 10STOIINTOW 61 90 7 £ | 950 1da-+'7{ d1FiALLS

ols|o 10SLOINTOW 7’1 1 4 1 4ad-+ 7 IIFTALLS

ols|1 T0STOINTONW : ’ 4 S aad-+7) A TALLS

S SaNanR ]

LOALAA | LOALAANA | LOALAANN HTIWVS [ LDAIHA [ LOAXAA [ LOALAANN | LOALAAND |94 a# ALXATVNY AOHIANW
NVAN | XVIN NI XV NIW XVIN XV NI XV NI

AINATAIAT STIHANV'T

SALIS IDNAYHATT ANV STIANY]
SHTdINVS HNSSIL NIHDA N VES 40 AYVININNS

(730 198ey)

01-F 2198,




STXVOI- bV L\PS2Iqonsodainngf Jorayou i

SHLIS ADNHHHATY UNV STIIHANVY'T
SHTINVS TNSSLL NTHDH VHS A0 AUVINIAIS
01-¥ 2lqeL

URIN OLIIOWO30) = U0 ULy (Bel.1) 1ogifeny) Uoliepl[eA wie(] = 14
(uotyeayIend IO1EpITA B1vd) uonepeA v Furmg potoafey sadureg jo roN = #
Apyueng) pajeunsy ue st sejdures Jo "oN B0 L = S# SHDd SPUaI], pue sneIS ¥VYON=  DIPIALLS
INJRA [eILISUMN] PIIeId0ssy I, = I SRR Jo ON = a# SSON
61170 STEO'C ofclof | T0STOLATON LT $80°0 £€1°0 860°0 7 Isr]¢ (+'7) 8-4Dd| DIFIALLS
870 770 ojs]o TOSSOLWIOW £0 €0 87°0 1£0°0 T IS1|1 (FF 0 LL-gDd| DTFTALLS
120 910 ols{o T0STOLINTON £ o 170 9L1'0 Z1s1]9 (F+.£7 99-90d| DIFIALLS
SiT0 ¥170 0ls]0 T0SLOLNTOIN 6T 620 97°0 €0 7518 ($5°20 T6-9Dd| DIHTAILS
£1°0 2600 ols|o 10STOLA IO 6E0 6€°0 £1°0 ¥ioo | zlst|a (€20 +¥-00d] DIFTALLS
S1°0 K0} o|s]o T0STOLN IO 11 €0 ST°0 £ro AR (F'+0) 8T-80d| DIFIALLS
- AR £60°0 ofls|ol | 10STOLATON 500 S0°0 U0 | El00 zis1|1 (99 H Y €600 60060d| DTFIALLS
‘ o LT 0[S |0 TOSTOLN IO 780 $2°0 770 F70°0 7 i5t|¢ (0,5 C" #' . € 7T 90TIDd| DTFTALLS
970 70 0[S]|oO 10STOLN IO 6'1 91'0 970 620'0 Z st ¢ (O s p'+.£°¢T0) S61-d0d| DIPTALLS
€60 1+°0 of[s]o 10STOLINTON P9 t0 9%'0 90 7 {512t OS¢ F e 81-d0d| DIFTALLS
F670 €70 o[s|o 10STOLNTOW t1 9°0 7 {ST}el (S F v €T 081-92d| DIFTALLS
ZIT0 £L0 620 910 FF1°0 0S¢ TOS60LN IO Pl £0 651°0 LZl0 TS| ¢t (620 81-9Dd| DIPIALLS
20 F1°0 ofsto 10STOLNTOW L <0 81°0 SI'0 7 (s1]9 G H D 0L1-90d| DIFIALLS
1 6°0 otslo T0STOLNTON 880°0 171 £66°0 IR RE (S’ ¥ 2D £51-80d| DIFIAILS
$90°0 | -S90°0 $90°0 6+l 71 ofsit TOSTOLINTOW 1 1671 ¥9°0 TSI} L (S F+ €20 8€1-dDd| DIFIALLS
LEO 62°0 of{s]o 10STOLNTON 820 8€°0 SO0 z(s1]9 (F¥ ' CT°0 821-D0d| DIFTALLS
ONOD [ LDALAd [ IDALAA [ LOALAANND [ IDALAAND [ a# | S# [a#] 141 ATdJAVS | LDALAA | LOALAd [IDIALIANAD | LOTIAANN | d# | S# | a# ALATVNV QOHIIN
NYAW | XV NI XVIN NI XV XV NI XV NI
AINTIAATA STIAANV'I
(z jo 7 93eq)




STV pEVIwpseiqoipodaiing g forouptd 2oy §

UBS A JLIBWO30) = QU0 UBSN (Be[y) 1ouIen)) UOMEPHEA 1B = T
(uoneoyI[Eng) J0IEPI[E A BIBCT) uonepleA vk Buimcg patoafay sejdweg Jo oN = q# sgDd SPUSIL PUE STIEIS VVON=  DIFIALLS
fmuend) pareumsy we si sajdureg Jo "o [e10], = S# $apIonsad SPURIL PUe SMIS VYON=  HIVIALLS
SN[BA [ESUIIWNRN PIJRISOSSY S = I $19913(T JO "ON = a# SIION
170 LT §1991(] ON 1#0 610 L D3/ON (S +'+°.£°€) 921-90d] DIFIALLS
850 96°0 ZOSTOLNIOW | 00Z°1 L6 £71 Tl L oN/ON G+ 7 811-9Dd] DIFIALLS
710 710 ZOSTOINIOW |  O¢P L£0 vZ0 €10 L oY/oN (P 0 S0T-90d| OTFPTALLS
’ L (' €T 101-dDd| DIFIALLS
ol B L A0 THOYNON SNYUL] 3TFTAILS
olg ZOSZTOINIOW 78 €20 L XTI ATPTALLS
610 910 ols s19318( ON LEQ 810 L 9¥/onN YO THIAXOHITW| GIF1AILLS
89€°0 6+°0 70 01 ZOSIOLNTOW | SLC 1€0 L o¥/oN ANTZNAGOIOTHOVXTH | A1PIALLS
8L7°0 650 62°0 S1°0 S1°0 B Z0SYO LN TOW 91 €0 €0 +1°0 L O}/DN AATXOdT YO THOV.LIIH | GIPIALLS
780°0 89070 ol Z0STIIAIONW 70 0 910 LLOO L o¥/on MOTHOV.LAAH| TP IAILS
o AR 710 £+0 9€0 0] ZOSTOINTOW | 1870 €20 98°0 vL0 L L | o¥on ANVAIO - YINVD| STFTALLS
1820 Sl 95°0 710 o 05 ZOSEOLNTOW 87 LEO L 71| o¥/on @ENVANID QHE-VIWINVD| FTFTALLS
F&A) 810 o5 SR ON vF0 120 L 0 | owon ANOLAM NIMAN3| F1F1ALLS
70 81°0 oS s1003°(] ON vF0 120 L 0 | o¥on JAAHIATV NIJANE| FTFIALLS
SOr00 | LL0°0 LE0O 60°0 £LO°0 0¢ ZOSEOLNTOW K3 7€°0 810 72070 L 7 | o¥/dn NRIONZ| ATF1AILS
SIT0 St0 ¥E'0 7£°0 X&) ol s19912(] ON $9°0 £0 L 0 | o¥on HLVIINS NVITNSOAN| SIFTALLS
ZE0 LT0 01§ s21e(] ON S9'0 €0 L 0 | O¥ON I NVAINSOANT| FI+1ALLS
SIZ0 350 910 7£0 €0 0]¢ §19313(] ON $9°0 ) L 0 | OON [NV INSOUNH| dI+TALLS
vZI0 9] 91 91°0 10 0]s 19915(] ON 760 ST°0 L 0 | o¥on NIRIQT3IA| ATFTALLS
85800 $0 SF0 960°0 700 0ls §13313(] ON 610 7600 L 0 | oWON DHA-VITEHA| dI+TAILS
$600°0 | 810 810 710 ) B s1a18(] ON vZ0 170 L 0 | o3oN OHE-VIHH| AIFTAILS
1S1°0 +0 ST0 A 170 0§ ZOSTOLNTON 19 660°0 6b°0 260 L 8 | oW/ON ANVIIOTHO-VHATY| ATFIAILS
1870 €50 170 o¢ TOSIOINIOW | 6870 £1°0 L 71| o3on JHEVHITV| HIFIALLS
Pr0 7800 0o]s s199%9(] ON 880 1P 0 L 0 | o%oNn NTIATV| ATF1ALLS
9550 €7 620 170 170 0ls TOSZOIWION SI &4 LF0 SI0 L OW/ON LAd-++{ IF1ALLS
T 81 €1 SO'Y SO°T ofls ZOSIOIAION | 0Tt Ll L OW/ON 3ad-+F¥| 3TFIALLS
. 0]¢ ZOSIOLA IO L OY/ON aqad-+r| GIrIALLS
of¢ ZOSTOLN IO L O3/ON LA~ F 7| GIFIAILS
0l]¢ ZOSTOLNTON L OYM/ON qad-#7Z| SIFIALLS
0]¢ L o3/ON aqaa-+z| aIriAlls
ONOD 1 IDALAA [ 1DA1Ad [IDALIANA [ IDALIANA IDATAA [ IDALAA [LDALAANN [ LOALAAND | d# SIINN HLATVNY (OHLAW

NVAIW | XV NIW XVIN NI XVIN NI XVIN NI

HONHATAAY STIHAUNY'I

(7 30 1 38eqd)

SULIS UONATHAT ANY STIAANV]

11-p 2148l

STTJINVS HASSIL HSTA SNOYOAITIIH A0 AUAVIWIAIS



STX VI PEV.INOP\S21Guode g ng g Joiovu oy«

SALIS ADNTHEARY ANY STHAANY'T
SATINVYS FNSSLL HSTA SNCHOAITHHH 4O AdAVINIANS

TT-¥ 3iqeL

UeaJA] OLNAOaL) = U0 UL (3erRD) 1agIEn)) wonepleA Be( = T

(woyeatyyieny) J0iepHE A FIRQ) uonepileA 1R SuLingy paroefey seidureg Jo oN = u
Anuend) psrewnsd ue sy sopdureg jo "ON [FIOL, = S# sE0d SPUSLY, PR STIEIS VVON=  DIFTALLS
INje A [EOLISWNN Pojeloossy o], = i SIS JO ON = a# ISAON
61 L7 €1 0]s]s ZOSLOLNION LS 96'0 L |61 ]zi | ovon (¥ 8-GDd[ DIFTALLS
$Z'0 170 0o|sto siole(f ON 1570 [Z40 L6110 | O¥0on (PP E°6) L2-9Dd| DIFTALLS
61°0 S1°0 o|slo ZOSTOLATOW 081 1 8€°0 £0 L le61] L [ Oo¥on (¥ €7 99-4Dd| DIFTAILS
¥5°0 81 €1 7T0 170 eS¢ ZOSTOLNTOW 13 L8°0 6¥°0 2E°0 L |61 8 | o¥0n (£°5°70) 76-90d| DIFTALLS
o 110 ¥60°0 o1s]o ZOSTOLANTON 79 77 £2°0 810 L |e1] 9 | o%on (S €20 ¥+-80d| DIPIALLS
8LL00 | 610 610 P10 110 of[s |t ZOSTOLNTOW 17 11 L0 120 L ]61] L [9¥DNn (2 8T-dDd| DIFTAILS
16600 | 110 10 110 1600 ofs]1 TOSTOINIOWN | 11 [ §T°0 Llsr]ziodmn ] (@SS EETT 607 €0d| DIFIALLS
$81°0 95°0 120 610 910 o[s|¢ ZOSTOLINTON 078 11 L{6l]zi|oNon (0SS F €620 907-90d| DTLIALLS
IS€0 ¥80 0 R TOSTOLNIOW | 00g'1 80 L6121 | oon O FF.EE T S61-8Dd| DIFLALLS
IS'I FAS S PO $0 AR E: ZOSTOLNION | ©08'S 8’ L 61}zl | odon (OS¢ E T D L81-8Dd| DIFIALLS
88'1 8L 1 ERES ZOSTOLNTOW | 0086 €L L6zl | odnn (S PP ') 081-80d| DTFTALLS
FET'0 97 1 SI'o 710 0[S {T] [ |CZoSTOLNION 8L 89°0 970 70 L 1611019350 (€7D 81-8Dd| DIFIALLS
LEFO £ 80 0 70 oflsivy ZOSTOLIWTOW | 00€'¥ tZ L |e61|zri odon CF P20 0LT-a0d| DIFIAILS
StE 93 31 o[s]s ZOSTOLNTOW | 00%'6 3 g [6I]11]| 935N (S FF 2D €61-6Dd] DTFTALLS
¥T 8y 1 ofsic¢ ZOSTOLNTOW | 00£%9 St L6l |Z1]930N (S P e 8EI-HDA| DTHTALLS
¥2T°0 SE0 S1'0 o|s|¢s ZOSTOLNTOW 0¥t 0 99°0 99°0 L]el |11 |930Nn W €877 8TT-ADd| DTPIALLS
ONOD [ IDHLAA [ LOATAA | IDATAANA [ IDTLAANG | ¥# [ S# [a# 13 ] TTdAVS [ LDFAIIA | LOALAA { IDALAANN [ LDATLIAAND | d# | S# | a# ALXTYNV JOHLIN

NYAW | XVIN NI XVIN NI XV XVIN NI XV NI

AINAYAATY STILIANV'T
(z 3o 7 Isey)




STXVZ - bV \oP\S2jqotiodangag g [orou zoy{

B4 SLIRWOSD) = U0y UBI (Se.3) sagiend) UOBEPIEA BRI = T
(uoleoyieny) JoIEpIR A BIR(]) uonepiEA e Smm paweley sapdmreg jo ‘oN = a# sgDd SPUSIL PR STIBIS VYON=  DIFIALLS
ALnuend) pajeumsy e s sapdureg Jo "oN TRIOL = S# SOPIONSY SPUSS], pUe stielS VYON=  HIFIALLS
D:—n\/Hmu_hoEﬂZ P3IBI30SSY 34, = I mdobuvauc ‘OZ" a# umuuoz
10 8E°0 0fc]o 15835(] ON S+ 780 S [z1] 0 | H¥ON ¥ ee 918D OIFIALLS
71 71 0lc|0 FOSTOLINTON Stz | L {oWwon S FF £ 211-9Dd| OIFTALLS
1610 9¢°0 9€0 €0 970 NI +OSTOIANTON Stzi| ¢ | od¥on (FF.E€D S01-90d| DIFIALLS
£l A% olelo FOSTOLNTOW 5 L | o¥/on ($°5°¢.2°7) 101-90d] DIFIALLS
LFT0 €0 €0 [ 8r0 o 0l¢| 1] ]|rOSIOIATON OWON | MOTHOVNONSNVAL[JIFIALLS |
9810 | tTo | #10 | 0| ¢ | €] [ |rOSIOLNION s |zi] ¢ [ o¥on XHAIN| HIPLALLS
7o vE0 ojlelo 519213(] ON 1+'0 670 s izi|o [o¥on WO THDAXOHLAW| 1F1ALLS
S1°0 70 710 ofe]¢ POSTTINIOW 9 L1°0 sz ¢ | od/bon ANTZNIAOI0 THOVXAH| HTFTALLS
€0 870 olelo s19838(] ON €60 P70 slzi|o [ owon HATXCdT MO THOVLAAH| A1FTALLS
L1°0 510 olelo 519933 ON 81°0 €10 < f{zi{o [o¥on MO THOVLIAH| i+ 1AILS
760 600 oo {rOSIOLNION F £5°0 S60 8L°0 s [z1] 7 | o%on ANVAIOTHD-VWAVO| GiFTALLS
S060°0 | €10 £90°0 920 970 ole|z FOSLOIWION | 870 P10 97°0 S0 < [z1 s | owbn ENVANID DHI-VINNYD| G1#TALLS
L0 70 olelo 559131 ON 6v°0 SED s |z1] 0 | o¥on ANOLAY NIMANE| HIFTAILS
L¥0 vo 0t o 519913 N 610 SE0 s |z1] o | owen JAAHEA TV NIYANd| S1FTALLS
+80°0 | 800 ¥20°0 61°0 31°0 0]¢ |1 519913 ON 70 P10 < [z o | owon NIIANA| JTFTALLS
69°0 650 0lc]o 19913 ON L0 150 s [z1]0 | oxon ALVA IS NVAINSOANT] FIFTALLS
69°0 650 0€l0 915919(] ON L0 150 S |zi| o | owbn I NVAINSOANT| ATFTALLS
69°0 65°0 0l€elo a5915 ON L0 150 S [zt |0 | odbn [NV TSOANT| 3TFTALLS
+€°0 620 0€ o S19919(] ON SE0 570 S [zi [0 | o¥on NLIATHIA| FIPTALLS
120 810 0]€e]o §15919(] ON $9°0 ST°0 s [z1 |0 | owbon JHA-VL19G[ dTFTALLS
1 970 0 0 €101 | tOSSOINIOW | 610 110 920 970 S [zi|9 jowon|  OHA-V1FHE| dipIALLS
0 € {ofr |rOSIOINION | 89 | 970 6+°0 60 s [z1] 9 | ovon ANVAIOTH)-VHA TV | HIFTALLS
olele FOSSOLNIOW | 9€0 | L0 S L 1 9W/5N OHE-VHATV| HIFIALLS
olelo SEERCY S 0 | oon NI TY | ATFLALLS
0 €| 1|1 |+tOSIOINION 91 81 3 9 | o¥on LA ¥ dIFTAILS
o< 1| [+0STOIMION | ogz I's S L | od/oNn AA-FF| HIFTALLS
0 €01 | FOSIOINION s 63°0 3 L | o¥/5n aad-+'r| dIrTAILS
0 ¢z FOSEOIINTON 0T 1 S ¢ [ owbn LA+ 7| dIFTALLS
0 €| 2|1 |+tOSIOINION 8T 32 g I [ 9%on T 3aa-# T dIFTALLS
0t |1 FOSTOLNEOW | OFI 3€°0 S 9 | o¥/bn aaa-+7| aIF1ALLS
ONOD | LOALAA | IDAXA [IDTIAANN | IDALIANN 04 [SH | a# 1] FIJAVS | IOHALAA [ 1DALAA [ IDTLIANN | LOTLIANN [ A4 ALATYNY QOHLAN

NVIW | XV NI XVIN NI XVIA XVIN NI XV NIW

FONTUZITD STIAANV1
(z 30 1 93eyg)

SHLIS HONHHHALTY ANV STTIHANV']
STTdINYS AASSIL HSIA SOOUOAINYYD 40 AUVINIAAS
ZI-¥ dIqEL



STXVZI-pgvIwp\sapqonatodznings oo i d

UeQ [y JINRWOSN) = OUOT) ULIA (8eL) Jagrreny) Uonepie A wR( = 14
(uonjeoyyipend) J03ePILE A TIRCT) uonepieA Te Fuum(q peroslay sejdues Jo oN = u#
£1ureny) paTRILIISH UE ST sapdureg jo ‘oN Te10, = S# SgDd spual] pue smels VYON=  DIFIALLS
N[ A JEOLISIUNN] PAIeId0Ossy ], = I8 $19013(] JO "ON = aq# 130N
t+S°0 780 1+0 of¢ [ | FOSIOLNIOW T 60 S L [ 93on (+'7) 8-90d] DItTALLS
¥S°0 910 ol¢ §12079(] ON 95°0 70 S 0| ownn (F'¥£°0) Le-9Dd]| DIFTALLS
10 SE0 0]c¢ FOSTOLNTOW 6L SE0 8€'0 8€0 S 9 [ o3/HON (FF.£0 99-90d| DIFTAILS
750 St0 o|¢ [ | FOSTOLNTON 0¢T £2°0 S L | Do (¢ D T6-90d| DIFIAILS
Y20 170 of¢ [ | FOSTOLNIOW 810 §70 70 S ¢ [ o300 (S°CTD tE-9Dd| DIFTALLS
62°0 ¥2°0 0|c¢ FOSTOLNTOW 150 (70 L0 [« 9 [ o¥/on (+'+7) 87-90d| DIFIALLS
ezo | 7o 0|c¢ [ | +OSTOLNTOW Pe0 5 L [owon | (996 P e T7) 602-Dd| DIFIALLS
TS0E0 860 | zzo 0lc¢ +OSTOLIN IO Tl S L | o¥/on O FY.Ce T 0T-EDd| OIFIALLS
RICD 6£°0 £€'0 50 50 of¢ FOSTOLNTON 71 S L | 93Dn O CHY.ee.TT 661-9Dd| DIFEALLS
[AR 4 1 I i 0| € FOSTOLNTOW L S L | O3mN G LCFETD L31-9D0d| DIFFALLS
681 8¢ 89°0 R FOSTOLNTON 11 < L [ 9%on (S F T 081-9Dd| DIFTALLS
8L1°D 170 LT0 £0 870 0]¢ [ | FOSTOLNTON 6L°0 £0 370 S s [oxon (5°7°D 81-dDd| DIFTALLS
S19°0 L1 31°0 ol¢ FOSTOLNTOW St S L | owon S FH €T T OLI-EDd| DIFTALLS
997 ¥9 86°0 01t FOSTOLNTOW £1 S L {D3/ON (S ¥ F .27 £51-4Dd| DIFIALLS
: of¢ FOSTOLNTOW L S L odon (S'F'¥'6 .77 8e1-9Dd| DIFTALLS
0t FOSTOLATOW : < L | 9%/on 6677 8T1-90d| DIFIALLS
ONOOD | LOAXAA [ LOIALAA | LOTLHANN [ IDALIAND [ H# T} TTAWNVS | LOALAA [ LOELAA [ LOALAANND [ LOFLEANN | a# d#| SLINA ALATYNY AOHIAN
NVAW [ XVIN NI XVIN NI XVIN XV NI XVIN NIW
HONTIHAAY STIHAANV]

(Z Jo 7 38eq)

SHLIS HONHIHATYT ANV STIIAANVT

TI-+ 9lqeL

SHTdIAVS HNSSLIL HSIA SNOYOAINHVD 4O ATVIANINIS




STY VL bGV.\PP\Sa1quiiodentngs Jorogow i £

Tea A MIJBUI0AL) = 2UOD) UBIN (8r1) Fogen{) UCTIEPI[EA BIB(] = T
(uoneayiend) 01EpLEA BIeC)) uoTEpIPA el BuLm(] pereley sajdures Jo oN = s sgDd SPUsLL PUE SIIMIS VYON=  DIFIALLS
Anuweng) paiewsnsy ue st sajdures Jo ON B0 = S# Sapionsad SPUaL], pue sl YYON=  JIFTALLS
MR A [BILIWINN PARIDOSSY SY], = Iy S1e1(] JO 'ON = CT# ISTION
€FOD0°D £7000°0 $10932(] ON £5000°0 680000 |0 ]S |0 | VoM (S ¥+ £ 971-92d[ DIFTALLS
££000°0 ££000°0 §10919(] ON 1+000°0 8£000°0 0§ i0| TOn G FF.£'7) 811-dDd| DIFIALLS
750000 7500070 $159%( ON 79000°0 90000 0s|o!l1on (F¥ €7 SOT-90d| OTFIALLS
9£000°0 SE0000 51907 ON £$000°0 #0000 |0 | S {0 | 7on (S'S°€ .7 101-90d| DTFIALLS
£000°0 160000 [O [ €O $10319 0N _ 1 80000 | €€0000 O[S o fTon | HOTHOVNON-SNVAL[ 1FIALLS
T 7Z000°0 1zo000 |0 | €0 swargoN | | 17 9z000°0 szoo00 lofs|o| Ton XEIA] d1PEAILS
¥L000°0 €0000 |ofelo $19973(] ON 60000 C80000 |0 | S |0 | Ton MOTHOAXOHLIN] A1PIALLS
6£2000°0 | ZEO000 | S2O00°0 | #EOOOO vEO00D |0 | €z TOSLOMS66W | SF000°0 | $E000°0 ols|s ]| Ton ANAZNILOA0 THOVXHH| ATFTAILS
SE0000 +0000 |0 €10 S15912( ON 76000°0 980000 |0 | S [0 | TON AATXOdD HOTHOVIATH | A1PTALLS
$000°0 +000°0 oleto §109%2( ON S000°0 9v0000 |0 | § | o | Ton MOTHIVIdAH | A1FTALLS
70000 70000 oflelo 15513 ON ¥2000°0 €000 [0 s |o | Ton ANVAAOTHO VINNVOD| ATFIALLS
8L1000°0 | Z€000'0 | 2€000°0 | 220000 970000 |0 | € (1 s1093( ON ££000°0 1€0000 |0 s o[ TOn (ENVANTD DHE VWNYD| JIFIALLS
62000°0 870000 |0 €10 $109%9(] ON $E000°0 €€0000 |0 ]S |0 | 10N INOITA NTIANT| aTP1ALLS
620000 §70000 |0 | £ |0 S19913(] ON S£000°0 €E0000 |0 | S |0 | 1on HAAHAQTY NIIANA| ATFIALLS
1500070 150000 |0 €0 19919 ON £9000°0 650000 [0S |0 | 10N NIIANA| A1FTALLS
$5000°0 ¥S0000 |0 1€ |0 s10033(] ON 1900070 €90000 |0 |S |0 | 700 ALVAINS NVLINSOUNT| d1FAILS
) $S000°G ¥S0000 [0 l€ |0 S15a1a(] ON 1900070 €90000 |0 | S| 0| 150 I NV TNSOANE| ATFIALLS
550000 ¥S0000 |0 {€}0 s100%9(] ON 190000 £90000 |0 | s |0 | Ton INVZINSOANd| dIF1AILS
9£000°0 9¢0000 |0 ] € |0 s12a19(] ON 1 #0000 F0000 |0 | S |0 | 7O NRIQ TG | H1FTAILS
$2000°0 870000 |0 €10 $19919(] ON SEO000 ccoooo o[ s [o| Ton JHE-VITAG| dI1PTALLS
) +2000°0 ¥20000 |o [€ |0 $199%9( ON €000°0 gzooo0 o | s |o | Ton | JHA-VIAd|dIFIALLS
€7000°0 €F0000 |0 | € |0 s109%9(] ON £5000°0 $000°0 ols|o]| ANVIIO T VHI Y| dIFTAILS
L£0000 1€0000 lo €0 s13e13(] ON SFO000 €r0000 [0 | s [0 TOn OHAVHATV| AIFIALLS
6+000°0 6¥0000 |0 €10 s3] ON 1900070 150000 |0 |s |0 ] 00 NIHATV | IFTALLS
990000 $90000 |0 ] €0 s3] ON 80000 S10000 |0 (S| o 700 1aa-F¢| dIrTAILS
810000 810000 |o[¢cio S191(] ON TT000°0 700070 NERIEREER JOa-Fv| dIFTALLS
$F000°0 €F0000 |0 | € |0 s1819( ON £5000°0 S000°0 ols o[ won aqa-++{ A1rIALLS
820000 820000 |0 €10 510013 ON SE000°0 ££0000 |0 S [0 | 17On 1Aa-Fz| a1FIALLS
ZE0000 1€0000 {0 |€]0 s ON 6£000°0 9£0000 |0 | § | 0 | Ton AQd-+z| d1FTALLS
1900070 190000 10 ]€]0 s10913(] ON 7800070 L0000 |0 s | o[ Ton aaa-+z|arvIALLS
ONOD | IDAIAA | LOALAA | LOATAANA [IOTIIAAND (U4 | S# [Q#[[TA] ATdAVS [1DHLAd [1DI1Ad | IDALAANN [LOHLAAND [ 44 | s# [a# |SLIND ALXTYNY AOHIAN
NVI | XV NIW XY NI XV XYW NIN XV NI
AINTITATA HOTIVH 4ANNI
(Z 3o 1 33eg)

SHLIS ADNAYHITT ANV HOTdVH JANNI
SHTdNYS YHLYMVAS 40 AYVININNS
£1-v 9lqB.L



STXVEI-pgy Lop\saigonsiodangng g forumu iy

Ueay JTPWOIN) = U0} UBIA (8eLI) 12mIEny) UOTEPI[EA vIE(] = T4
{uoneaIend) JOIEPI[E A WIECT) uonepie A tie Sunn psyelsy sejdwes Jo oN = i
fLiueng) paieuIisy ue st sa[dureg Jo "oN [PI0], = S# S SPUSL] PU SMTIS VYON=  DIPTAILS
INjeA [EDISUMN] P3IRIDOSSY Y, = [ s10973(J Jo "ON = a# 1SON
+E000°0 €£000°0 ole|o §13913(] ON 1+000°0 ge000¢ Jo |s | o | #On (+72) 8-0Od[ DIFIAILS
16000'0 150000 {o0|€ |0 §19313(] ON £9000°0 650000 [0S |o]| 1On (¥ .6} LL-°gDd| DIFTAILS
$2000°0 8200070 oletlo 519912 ON SE000'0 ££000°0 ols|o]| von (r'F.£7 99-9Dd| DTFIALLS
SE000°0 tcoo00 |0 |€]o0 513913(0 ON Z#000°0 £000°0 olslo|vVon | (§°6° 2T 76-9Dd| DTFIALLS
£000°0 670000 |0 |€}O $19918(] ON 9E£000°0 $€000°0 of{s|of 1on (S €20 ++-9Dd} DTFIALLS
£60000 760000 [0 | € |0 513219(] ON 1100°0 11000 o]slol| Von (FF2) 87-8Dd[ DTFIALLS
$000°0 S0000 |0 | €0 £ [T0SSOMSE6IN | 150000°0 | 15000070 | 150000 650000 [0 [ s |1 ] Von | (095w €€ 00 607-ddd| DTFTALLS
Z+000°0 1+000°C olclo §10912(] ON 150000 8+000°0 01§10} ¥ONn (' $'S Y€ €' 7T 907-8Dd | DIFIALLS
"~ $50000 ¥60000 [0 | € |0 s10913( ON 990000 790000 [0 | s o | von O ¢y £ 77 s61-90d| DTFIALLS
$5000°0 £€60000 |0 e |0 $19219(] ON 99000°C 790000 |0 [sjo | 1On (9°.6' 6"+ ¢° 7D L81-GDd| DIFIAILS
L90000 190000 |o e fo s1a19(] ON 780000 L0000 tO[S|o] 1oNn (S'CHPE T 081-90d| DIFIALLS
++000°0 #0000 |0 lefo s121(] ON ¥5000°¢ 1so000 jo s {oi7on (§'.7D 81-92d| DItIALLS
$700°0 $700°0 olelo $19219(] ON 1£00°0 6200°0 o|sio] vOn CFF.CCTD0LI-2Dd| DIFIALLS
£2000°0 ETO000 |0 €0 §10919(] ON 82000'C 9zo000 |0 |s{o | von (S .27 €S1-90d] DTFIALLS
S8000C | 90000 otelo §10919(] ON 1100070 950000 |o|slol von (S FF 7D 8e1-90d; DTIHIALLS
620000 670000 |0 fE |0 §13010(] ON SEO00°0 €£0000 [O [ s 1o ] ¥on (F'¥.0° ¢ T 8TI-00d| DIFIALLS
LDHLAA | LOALAA [ LOFLHANN | LOALIANN ATINYS | LDALAA | LOALAC [ IDALAANN [ IDALAANND | 84 | SH
NYIN XV NI XV NI XV XVIN NI XVIN NI
HAIONTIAITA FOMAVH WANNI
(z Jo 7 3dey)

SALIS HONHYHEAHET ANV JOGdVH JENNI
SATINVS HALVMYES 10 AYVININAS
eI-p31qel



STXVH-pAVLoPsaiqmyiodaningg o o &

UBSTN OLRWI0S0) = oU0D) UBAN (3e1) 10u1feny) UOTePHRA BIB(] = 11
(uoreatyreny) 101EPT[EA EIECT) uonvplfeA vle( SMmd parosfoy ssjduieg Jo oN = u# SO SPUAI], PUE sniElS VVON=  DIFTALLS
Apuend) paIRwnSE U st sajdureg Jo "o [®10], = S# Saploansad Spusi], Pue sSMEIS YYON=  AIFIALLS
N2 A [IISUMN PAARIOCSSY N[, = I S13R13(T JO 'ON = d# SN
L'El €T F6 SOSEOLINGEWN L6 L6 L1 870 1Jor] 1 [owon CF e 0 9zl-dDd| DTPTAILS
T 'l SOUE0LNGEN 17 69°0 SIS 60 1 |ot]s [osnn S F ¥ £ 811-9Dd| DIFTAILLS
9/8°0 €T €1 St0 SH0 SOSZOLNGEW 16 [S3i 1l 61°0 1]o1] v i oYon (¥ £CT 501-9Dd| DITIALLS
6'1 £6°0 SOSTOLWB6W £7 160 1{01| 6 O¥D0 ($'S°E°Z7°0 101-90d| DIFIALLS
0(€{0 SOSEOLING6N 'L L70 8T Te0  Jrfor]ziowon| — MOTHOVNON-SNVL|JIFIALLS
0 €€l 1S0S80LINGSIN €1 80 o {1 o] 6 | OWON XTAIA| AIFIAILS
790 £0 olefo A ON Gl cz0 1 {or| o |owon O THIAXOHLANW| HIFTALLS
£€°0 910 ofefo SOSSOLINGEW 660 ¥1°0 20 €10 1|o1|z |owon ANHZNATOYOTHOVXAH| AIFTALLS
6+°0 70 otefo s1212(] ON 1 70 1 |o1]o0io%on AAIXOdd O THOVLAAH| F1FTALLS
970 €10 ofelo SOSEOLNGEIN 98 870 ¥9°0 70 1 [o1 |z {owon MO THOVEdHH | HIFTALLS
F1 69°0 olefo SOSSOLINGEIN 99 ST [SI3 650 1 or|z |owon ANV@IO THO VINWYD| AIFTALLS
1+0 70 otelo SOSEOLINGGIN 79 €10 St0 St0 1 1ot |8 {owon (ENVANITD DHE-VINAYO| FIFTALLS
1L0 SE0 oltefo $19919(] ON 31 £0 1 lor| o |owon ANOLTN NIMANA| ATFTALLS
16+°0 61 61 120 SE0 oteg|1 SOSZOLNG6IN T L0 SI €0 1101]9 |owon FAAHAATY NRIANT| dIFTALLS
670 ) olelo 519919 ON L0 Z1o 1{oi| 0 {oxwon NIAANA| ATFTALLS
I 150 olefo §12219(] ON 97 PO 1{01| 0 |{DO%ON ALYIINS NYATNSOANT| F1PTALLS
I 1570 otelo §10275(] ON 97 0 1 lorfo|owon I NVAINSOANd| AIPTALLS
8890 €1 £1 I 1 ofle]r SOSTOLNG6IA 78 750 97 PO 1lort} e | owon I NVINSOANH| HIPTALLS
50 $70 olelo SOSEOLING6IN 3 cc €1 7o Tiorfr1 |owon NDIQ 91| ATFTALLS
750 910 olc|o| [ |SOSLOLNGEN €T PED 1 1orl 6 | owon DHA-v119d| 9IF1ALLS
610 olelo SOSSOLNG6IN 7 FARY EFO 1 jor] s [o¥on DHA-v13d| FIFTALLS
8€°0 ole|o 510938(] ON 4 11o1|o{owon ANVAIOTHO-VHJ TV | dIFTALLS
ZEE€0 €1 ¥2°0 o€ SOSSOLINGEIN $T 1F0 660 1|o1| 9 |owon DHE-VHJTV| AIFTALLS
L0 ofelo 510278(] ON S'E 1{or| o |owon NIYATV| FIFTALLS
678°0 6L LED olelrt SOSTOLNG6N F ¥ 61 1 jor| 1 {owon 1ad-F+| 9Gre1ALLS
L1 olelo SOSTOLNG6W 89 S0 €8 1 jor] ¢ |9won dad-++| IFIALLS
1 ofefo SOSTOLNG66W 6t SI°0 £ 1 {0f| + 1 owon add-+'t| AIFTALLS
ST0 ole|o SOSEOLNGEIN 01 91'0 1 I lor]| ¢ {o¥on 1Ad-rz| dIPTAILS
€8 S olelc¢ $10213(] ON 4 1|or] o |owon 4dd-+7| AIFTALLS
£F°0 ole|o SOSLOLINGEN - 1 [o1]9 {owon Aac-+z{ AIPTAILS
ONOD [1DA1dd | LOALICE [ LOALAAGNA ] LOTLAANND F o 1 AIENYS | LOALAA [ LOFLAA [LOALIAND [ LOALAAN [ H# | S# {a# [ SLINN ALXTYNY QOHLIW
NVAW | XV NIW XVIN NI XVI XVIN NI XVIN NI
AINAUAITH HOTIVH YANNI

(z 3o 1 28ed)

SHLIS AONHYHAHEY ANV JOdUVH dENNI

vI-¥ 3iqeL

SHTdWVS ENSSLL 3VOTV NMOIE 40 AYVININAS




STX VpI-paV.IwPSAIgonLioda gL Joryumu m0i

uRIW o_buﬁooo = SUe) UES (3eLD) eylpeng) UonepleA ¥ie( = I
(wonizaljf[eny) JOJEPI[E A Ere(l) uonepleA Tie(] Fupng paiceley sapdweg jo oN = a#
Anwend) peiewmsy e s1 sejdureg Jo ‘ON Tes0], = S# SED SPUSI] PUE SMEIS VYON=  DIFTALLS
aMeA _wuiuﬂ.sz vuunmuommmw 24y, = I $10013(T JO ON = D# HQHOZ
CED LT'0 olelo COSEOLINGEA 6 69 88°0 ST'0 T for] 1 {5350 (F7) 8-d0d| DTFTALLS
780 t0 RIERE s19919(] ON z 0] 1 {o1]0 |odon FHED gD DTRIALLS
790 £0 IR $221(] N [ 970 I [o1i0 |O¥5Nn (F+.£7) 99-8Dd| DIFIALLS
0¢ 8L°0 0|0 |SoScOLNG6IN L1 EF0 7 ZL0 1lor| ¢ |odmnn ($'¢ 7D 76-a0d| DTFIALLS
LEO 310 olefo $13915(] ON 160 S0 11or] o |o%on (S€ZD vF-dDd| DIFIAILS
0 770 oleto SOSEOLING66W 'L It '] 810 1 {o1} 1 |o¥on (¥'FT 87904l DTFIAILS
$e°0 Lro ofle|o SOSLOLINGEI P9 | Tt T [or| 6 [oWon | (9SS £'eT2) 607-80d| OTFIALLS
88°1 9z 91 ofelc¢ SOSEOLIABEIN e PO | 1 [o1 |6 | Daon (95 CFH £ %07-9Dd| OIFIALLS
EL S60 L9°0 LL0 LLO olelz COSI0LING6IN £s 6£°0 1 ot | 6 | odon (G F .67 S61-dDd| DIFIAILS
gl 9L0 0je|o SOSLOTWO6W 5T [ L1 L1 1{01[8 |O%DN 95 HE T L8140 | OTFIALLS |
81870 £7 96°0 S8R0 $8°0 olelz SOSEOLING6EIN LT ¥Z 1 [o1] 6 |D¥oON (SCFFECD 081-9Dd| DIFIALLS
9¥°0 w0 ol¢|o SOSYOIIN66N 8¢ 90 1570 150 1 {or| s | o¥on (5°.7°7) 81-9Dd| DIFIALLS
990 1 9€'0 0l€i¢ SOSEOJNGE6N 6t 99°0 1101 6 | owon CFF £ 0LI-gD4| DIFIALLS
F'E L1 0le|0 SOSEOTING66N 91 £€ 6°€ [ |01} 8 |9doNn (S°C P 7D €51-90d| DIFIALLS
[S¢d £'E £'¢ ¥ £ o€ |14 ]S0S0LN6EHN 28 I't 81 1 [o1] 8 | o3mn (S FFe 20 8e180d| DIFIALLS |
B 11 €50 olc|o SOSEOLINGOI 6L 0 LT 1 [o1] ¢ | o¥on (Fr e 7T 8719Dd] OIFIAILS
1A 1A [ LDALTANN | LOHLAEND QENEL[ TIdAVS [ 1DELAA [ LDAXLAA | LDOHXAAND | LDELAAND | W | SH
XVIN NIW XVIN NI XV XV NI XV NI
ADONTIAITH AOTHYH TANNI

(z Jo 7 93ed)
SALIS ADNAIAITT ANV JOTHVH JANNI

vI-v 9Bl

SATdIAYS ANSSLL AVOTV NAOAT 40 AYVIWINAS



STXVC] - FEV.IPP\S31qosodaspagg Jormu” iy

UBS]A JLBUIOS D) = (BeL]) Jaurfeny) UOEPHEA ®IE(] = 1
(uonresgend) Jolepie A wed) uonepifeA (] Sy psioafay sepdwes jo oN= T# sgOd SPUBLL PUE SIS VYON=  DIFIALLS
Ayrend) pajeumss e st sardureg Jo ‘oN [z10], = S# S9PIONSa ] SPURL], PUE SMI¥IS VYON=  ATFIALLS
anfE A [BNISWMN PRIBIDCSSY Y] = s109%3¢] J0 "oN = a# SN
€0 0]s]o s8] ON TTE) 710 e e 971-90d] DIFIALLS
510 0[5]o T0SE0TANG66W Tl 890 8€°0 80 S FF D /11-90d| DIFTALLS
91°0 0s]o T0SSODNG66W | 5970 570 L800 [80°0 (FH LT S0I-dDd| DIFTALLS
590 0|5{0 T0SEOING6W | 71 €10 £€0 €60 (SCE T 101 9Dd| DTFIAILS
0Js]o 10STOLA66W 91 91 <o o Jofs]1] ~ AOHDVNON-SNVAL| AIFTALLS
6Z10 | 950 | ¥10 91°0 05z TOSTOLNGEW 71 180°0 $80°0 6100 AERE XOAIA| FTFIALLS
120 0|sio s19913(] ON 50 0 NERI FOTHIAXOHITA] AT+TAILS
1o 0sio TOSZOLAG66W | 25070 7500 SO0 9500 0]g 1 ANAZNILOTO THOVXIH [ ATFTAILS
110 0]s|o 5193 ON 10 7800 RERE HATXOJT A0 TOVIdAH | ATFTALLS
1600 0|s|o S15909(] ON 7900 SH0°0 BRI MOTHOVIIAH| ATFTALLS
2F0 0|5 ]o T0SFOLNGOW | 820 | 820 620 €70 08 |1 ANVTIO THD-VININYD| STFTALLS
110 760 10 710 0ols |z TOSTOLNGEIW | 550 | 9#00 $60°0 8900 AERE ENVANID OHG VIWINVO| ATFT1ALLS
ST0 0]s]|o s15913(] ON ST°0 710 RERIE ANOLAN NIACNT| ATFTALLS
570 0ls|o s13993(Q ON ST0 0 018 |0 AGKHAGTY NIJANA| ATFTAILS
6600 ots|o TOSOOLNG66N | ¥1°0 +90°0 6500 8F00 RERE NTJaNE| dTFIAILS
9E0 ofs|o s12919( ON 120 810 0lslo HLVAIS NYITNSOUNT| TTFTALLS
9E0 ols]|o ST5913(] ON 120 810 RERE I NVATNSOUNA| AIFTAILS
960 ols|o TOSTOLAG6W i1 L1 170 210 RERE [ NVITNSOUNT| d1FTAILS
810 0ls (o $10919(] ON 110 L8070 BERE NTIQ TEIA | ATFIALLS
110 ols|o 10STOINGEN | 6£0 650 +L0°0 LE0°0 RERE DHE-VITHA| ATFIAILS
8FS00 | 900 900 €710 0s|T T0STOIAG66W | SFO SFO 1600 900 [0 ]8T DHA-v.Ida| ATFIAILS
170 0{s]|o 199731 ON 910 €10 |[olgio ANVIOTHD-VHJTY | AIFTAILS
ELL00 | T0 700 910 0 s |1 T0SSOINGGN | £20 £L0°0 110 6100 0]81¢ DHEVHJ V| dIFIALLS
650 0olslo 51301 ON 620 +20 RERE NIRRTV | 2HIF1ALLS
970 0|sto TOSFOLINGEW | 910 910 910 €10 081 1Aa-+F| arFTAlLS
1 olst|o T0SFOING6W Fgi 150 90 9°0 NER aa-++| AIF1ALLS
€L0 0[s|o T0STOIINGGN | 57 554 0 950 ERE ada-+r| arrialLs
110 o[sto T0SSOING66W | EE0 170 710 980°0 NIERIE Laq-FT| arriALLS
170 o|slo 10SOIAN66W | 210 FAR0 910 £1°0 BERE 3aa-+z[ ATFIALLS
o €10 €10 €0 ols |t T0SEOLN66W | 680 6£°0 ST°0 S1°0 RERE Aqa-+z[arFtALLS
ONOD | IDAIAA | LDALAJ [IDALAANN ATINYS | IDALAC | LOALAA | LOZLAANN [ LIAIAANND ALLIVNY QOHIAW
NVAW | XYW NIW XV XV XYW NI XVH NIW
AONTIAdTd VOdUVH UANNI

(T30 1 28ey)

ST-v 3jqeL

SALIS ADNAHIATT ANY HOTGUVH JINNI
STTJINYS HIASSLL NIHOYUN VIS 40 AYVIANNS



STXVS - bV [\oP\S21quitodanngg Joroupur oy {

UBAA] DITIBUIONL) = QU0 UEIN (8el.D) IoUseny) UOTIBPHEA ¥R = 11
(worjeotjIfeny) Tolepl[eA w1B(p) uonepies we(f Suund paiosfey sejdmeg Jo oN = g

Anreny) pajewnisy we st safdumeg Jo "oN [B0] = S# sgOd SpUal] pUe smEIS VVYON= DIFIALLS

[T A JeOLIRWMN PAIRIooSSY 9], = Iy $10915(] JO "ON = a# 1$210N

611°0 S760°0 o]s|o] r]ioscorLnee 970 690°0 290°0 65070 0]s]¢c[owon (D 3-dDd] OIFIALLS

870 770 o|lslo 510933(] ON L1°0 +1°0 o8 ]o|owon (r'v.£°6) LL-9Dd| DIFTAILS

170 910 o[sio S10%18(] ON cro 10 o{sgio{owon W€ 99-40d| DI TALLS

SLTO0 PIT0 of[s]o TOSTOLIN66I It €10 BENEREEER . (£S 7D T6HDd| DIFIALLS

Er'0 2600 0ts|o s10erR( ON 94070 790°0 0180 |DdDN ‘ (S €7D #F-aDd| DIFIALLS

SR} [ 0Fs|o T0QEOLNG6IN | #1°0 $90°0 £80°0 TL00 o|& iz |owon (Ft+7) 87-90d| DIFIALLS

zI0 £60°0 0fs]o FOSTOLANG6I 98 7T 0|8 {slowon| (99 HY €70 60T-8Dd| ITPIALLS

i 0 AR ois|o T0STOTW66N 71 6500 710 710 NERAE RS O S CFF T %7-90d| DIFIALLS
970 70 ofjs|o TOSTOING6W | 7870 8L0°0 0|8 ]s|owon O F .00 S61-90d| DTFIALLS

£5°0 1F0 ofjs|o T0SE0IN66 T 97 170 LT0 o8] |owon (0°6°S° #¢€ T (81-dDd| DTFTALLS

F62°0 €20 olsto TOAE0LNG66 N 97T 790 0|8 ]s|owon (S rF 0D 081-9D43| DTHFIALLS

FATA) €U0 620 910 P10 ofs|eil 1| 0SLO0LN66N FE0 810 F80°0 780°0 08 |¢S |owoOn (€72 81-42d| DTFIALLS
81°0 A% o|sto 10STOING6W 9570 170 I ERERES BN CF T 0LI-a0d| OTHFIALLS

[ 7670 of{sjo T0STOLNG6IN €L S I EREREREEN (S ¢+ +20 €51-dDd| DTFIAILS

$90°0 | 5900 £50°0 6¥°1 Al ojs|t T0SSOLNG6W €5 [Sf3 08 ]¢g|owon (S F €27 8E1-dDd| DIFIAILS
LE0 6770 ols]o TOSLOLWNG6N Lo 670 EERER R (2607 82T-90d| DIFIAILLS
N

IDELAA | LDALAANN a#1d LOALAAND | d# | S# [ a#
XV NIW XVIN NI
HONATHAHYT HOHAVH dHANNI

(7 J0 7 38ey)
SHLIS IDNIYAATT ANV YOI VH YANNI
SATANYS ANSSLL NIHDUN VAS 10 AAVIWIANS
SI-¥ 3qe L




STXVO[- PV IWPs2iquiodangig g Jorw” oy &

UEIJy JLNRWON) = U0 UeIPN (SeLI) J3yIren() UoNEpI[BA Ble(] = g
(uonzeoyI[en() Jo1EpI[E A FIECT) uoneple ey S paroslay serdures JooN = g SEOd SPUSIL, PUR SNIEIS YYON=  DIFTAILS
fypuend) pateimsy we st se|direg Jo ‘oN [MI0], = S# SapIdNlsad SpuUal] pie smvlS VVON=  dIPTALLS
anfe A {BDLIQWNRN PARIDOSSY Y[, = r $13939(] JO 'ON = a# 1SAON
120 L10 0jps|o s10912(] ON 0 L1°0 6|87 |0 | OFON £ 921-0Dd] DTHTALLS
L 89°0 950 ols |1 TOSSOLNGEN 81 6 81| 6 | O%oOn & F €0 811-90d] JIFTALLS
¥Z'0 710 fA0] oIS | ¥ ZOSTOLNG66 6 |81 6 | 9¥/on (FF €D S01-9Dd] DLPIALLS
6570 01 S| S [ |Z0SSOLINGEIN 6 6 (S e 20 101-924{ DIPIAILS

N

€20 610 0i1s|z ZOAFOLNGEN 6 [81]6 |OWON]| WOTHOVNONSNVYUL]AIFIALLS
T 8F0 510 €10 0]lstt Z0AFOLIN 66N S 6 [8T] 6 | OYON XA | JITTALLS
610 910 0s|oO s10912(] ON 8€°0 S1°0 6 [81| 0 [Daon YO THOAXOHIAW] ATF1AILS
89€°0 640 720 0[sTs Z0aPOLN 66N 1T w0 6 |81 6 | DwoON INAZNAGOIO THOVXAH| AIF1ALLS
8170 650 670 SE) S1°0 0S| v{ o |zoscolmseN | #10 v1°0 1£°0 700 6 |81 1 [Do¥on JAIX0dd YO THOVLIJIIH] AT+1ALLS
7800 890°0 o]s|o ZOSFOLNGE6W | 740 970 L1°0 S70°0 6 |81 |z |9o¥oONn AOTHOVIdAH| dIF1AILS
10 710 710 £+ 0 9¢°0 olslt ZOQFOLNGEN | 9€0 710 280 10 6|81t |oWon ANV QIO THO-VINNYD | AIFTALLS
1870 <1 950 7210 110 BRI Z0SEOLINGEN 61 9p°0 €10 10 6 81| s |o/on (INVANID OHE-YWWVO| AIFTALLS
0 310 ols|o S10912(] ON SEO 810 6 |81| 0 |Dd/on ANOLI NTIANH} AIFTALLS
0 810 oS ]o S15015(1 ON S+ 810 6 g1 0 |9o¥/on AQAHAQTY NRIANT| dTFIAILS
S9Y0°0 | LL00 1100 600 ¥LOO ols |1 Z0SEOLAREN 19 67 810 €L00 6 |81z [Dowon NIEANA} ATPTALLS
<170 50) PE0 760 LT0 ols]z S10813(] ON 950 97°0 6 |81| 0 [od/on ALYAINS NV TNSOANE]} ATFTALLS
€0 170 0s]o T0QPOLNGEN | £5°0 150 99°0 €0 6 811 [9¥/on I NVL11SOANT; dIFTALLS
S120 85°0 910 €0 760 0ols |t s19513(] ON 950 920 6 |81 |0 | 9o¥/on TNVATNSOANd]} A1FTAILS
¥Z10 91 91 910 10 ofs|1 19013 ON €50 €ro 6 |81 |0 | o¥/oOn NI¥ATHId| dIFTALLS
86800 S0 g 960°0 700 0ls |z s19812(] ON 170 780°0 6 81| 0 [Do¥/Dn OMg-vY.LTA] AIFTALLS
56900 | 810 810 710 10 ols |1 $10912(] ON szo |10 6 81| 0 o%/on| — OHAv1dd| dIFIALLS
1510 0 <10 ¥T0 12°0 0fs|z TOAFOLNGON S0 L0 <0 £20 6 81|z | ow/on © ANVQIO T YHATY| IFTALLS
LST0 €F o 170 ols|¢ ZOSTOLWG6IW | S50 120 91°0 91°0 6 81| s | owmon OHE-VHLIV] AIFTALLS
PO 7800 ofs|o S1512(] ON 60 9¢°0 6 |81]0 |D¥on NRATY] IFTALLS
950 €7 670 170 170 ols|r T0AFOTN66N ¥4 81 6 81| 6 [ Do/oON Lad-+'v} AIFTALLS
vy T 81 €1 S0 SOt ols|¥ TOarOIW6EIN | 061 9¢ 6 [s1] 6 [Dowon gaa-+¥| dIr1AlLS
76570 Ll 860 590 150 0ls ¢ Z0STOLNGEW 61 9°g 6 81| 6 [owon aad-++| aIrTALLS
91°0 €10 ols|o Z0S90LNG6W 66 9°g 110 910 6 81| L |owon Lad-+z} arriAlLs
SHI0 ST0 (10 <70 70 ols|z 70S90LNG6W v 1 970 920 6 |21 8 | oo 4aa-+z| diriAlLs
AR Z0SS0LING66W €1 €9 6 |81 6 [ OdAON aaa-+z[ aIriAlLS
ONOD | LDALHAA [ LDALAQ | IDATAANND | IDFLAAND [ H# | S# [a# 11| TT1dAVS [ LOALAA | LOALAA | IDALAANA | LOALAANND [a# [ s# [a# | SLINN FLATYNV JOHYLIW

NVIW | XV NI XVIN NI XYW XV NI XV NIW

AONTIAITT A0TU VH JANNI
(z 3o 1 9deq)

SALIS ADNAYAITY GNV dOddVH dINNI
SHTAI VS JASSLL HSTA SROYOAIFHHIH A0 AHVIAIWNAS
9T-¥ 3IqeL



STX VTPV IP\s2|quriodangng g [o1oyoi” 2oy

UBAA DLIPWOI0D) = UG UBIH (3e1.1) 19yEen]) UCHEBPIRA Ble(] = T

(uotieoyIeny) JoEpHE A BIE) uoneptiea ey Sutm(] peyoefay saidureg Jo oN = 4
ALmueng) pajeurisy ue i so[dwreg Jo ‘oN [FI0, = S# SEDd SPUSIL, pue smelS YYON=  DIFTALLS
anjep [BOLSWUNN PAIRIDOSSY Y] = I sy Jo oN = a# ISION
61 L7 el o]s]s Z0SZOINGEN TF 9'1 6 |81 6 [9WON KD 8-dDd| DIFIALLS
ST0 170 N EN K s ON 570 12°0 6 |81 0 {O¥DN (+F.£'0 LL-aOd| DIFTALLS
610 910 olslo Z0SSOLNG6N [ 61 6 [s1|6 |oWDn (F¥ £ 99-9Dd| DIVIAILS
¥5°0 81 £l 770 1770 0¢|¢ ZOSTOLWG6I €1 L't 6 |81 6 [93/oON (5°¢°Z2) 76-4Dd| DIPIALLS
110 +60°0 B ZOSTOLING6IN €7 LLO 110 110 6 |81] 8 |oxon (5°€° 2D pH-aDd| DIFIAILS
844001 610 61°0 P10 1o oS |1 ZOSFOLINGEIN 9T z 6 181f6 |DO3dON (Ft70) 82-dDd| DIFTALLS
16500 1o 110 110 1600 R ZOSIOINGEIN | 00T°€ 6t e qstie [owon | (GOSEHEETT) 60THIE| DIFTALLS
<810 950 120 610 910 0]¢]|c¢ ZOSIOING6W | 008°1 Ll 618116 [ D¥ON (955 #'+.€° €70 907-9Dd| DIFIALLS
15£°0 ¥8°0 720 NI ZOSTOLING6W 0lz 96 6 [81]6 |oon|. @S .00 S61-40d| DTHTALLS
el TS ISl 0 £ 0|s |+ ZOSTOLINGON 01 99 6 [81] 6 | o/oON (O° S H €7D L81-4Dd| DIFIALLS
88°1 8L 1 o[s|s ZOSTOLNG66N 0Z8 0Z1 6 [81] 6 |Dwon (S’ S+ 4 € T2 081-9Dd| DIFIALLS
tET'0 9T 1 SI0 710 0S|z |zZoScolNGEN 91 890 60 P10 6 |81 ¢ | DY/ON (€.72) 81-4Dd| DIFIALLS
LSF0 £ 0S|+t Z0SS0INGEN 061 s 6 |81]6 | o3oON E €T 0L1-8D8] DTFIALLS
Ste 98 glsts Z0SHOLNGEIN 09§ 0ST 6 6 | O3/On (S FH.TD eSO DIFIALLS
T 8t ols|s Z0S90LNG6IN | 08T I8 6 6 | o3/on ($" P e D se1-a0a| OTr1ALLS
¥22°0 5€°0 oS |¢ 0SS0 LNG6N ’ 6 6 (F'¥ €20 T1-dDd| DTF1AILS
LOALAAND [IDALAGND [ g [ st [asf|1a] TTdNYS | 1OA1Idd IOHLAANN | LOHLHAND | H# | S# | a# | SLIND HLXTYNY JOHLAN

NVAIW | XVI NI XVIN NIW XVIN XV NIW XYW NIW

ADNHATITH HOMd VI HANNI
(7 §0 7 38ed)

SHLIS HONHIIATT ANV JOdAYH JANNI
SATJINVS HASSLL HSLA SOOYOAIEYHH 40 AYVINNAS
91-+ ?1qe L



Figures




—
$01 D3.0

TS0

TS02 S02 D4.0 TSO01 501 D3.0 S02 D3.0 TP11 S02 D3.0 S01 D2.0 S02 D3.5 TS03 S01 D30 S02 D40 LEGEND
ANALYTE ugkg uoka ANALYTE ugkg ugkg ANALYTE ugkg AHALYTE ughg ugkg = ANALYTE ugkg ug/g
BENZO(A)ANTHRACENE 280J 2904 BENZO(A)ANTHRACENE 740U 1100 ANTHRACENE 5704 | AANTHRACENE 2804 360U 2-METHYLNAPHTHALENE 720U 1904 MW0o1 % MONITORING WELL LOCATION
|_—1BENZO@)FLUORANTHENE | 2404 2504 BENZO(A)PYRENE 740U 820 BENZO(A)ANTHRACENE 3800 BENZO(AANTHRACENE 1300 360U ACENAPHTHENE 2100 2600 AND NUMBER
BENZO(K)FLUORANTHENE 3004 3304 BENZO(B)FLUORANTHENE 1504 7704 BENZO(A)PYRENE 2600 BENZO(A)P'YRENE 980 360U ACENAPHTHYLENE 3104 710U
CHRYSENE 360 3504 BENZOKIFLUORANTHENE | 150 740 BENZO[B)FLUORANTHENE | 2600 BENZO(B)FLUORANTHENE 700 30U ANTHRACENE 4000 4100 TP01 © TESTPIT LOCATION
FLUORANTHENE 20 40 | —{cHAvsene 1504 1200 BENZO(K)FLUORANTHENE 2700 BENZO(GH,)PERYLENE 280J 360U BENZO(A)ANTHRACENE 11000 8000 AND NUMBER
PHENANTHRENE 50U 1004 FLUORANTHENE 2204 180 | {careazoLe 1704 BENZO(K)FLUORANTHENE 720 1804 BENZO(A)PYRENE 8600 5900
PYRENE 0 2 [N\ |Prevwmre 740U 204 CHRYSENE 4500 CHRYSENE 1500 350U BENZO(B)FLUORANTHENE 8500 6100 TS01 — TRENCH LOCATION
o7 501 035 02 060 PYRENE 2100 FLUORANTHENE 6700 DIBENZ(AH)ANTHRACENE 1604 380U BENZO(K)FLUORANTHENE 6500 3900 AND NUMBER
ANALYTE ugkg ugkg INDENO(1,2,3-CD)PYRENE 6204 FLUORANTHENE 2000 360U BUTYLBENZYLPHTHALATE 4500 710U
2-METHYLNAPHTHALENE 360U 900 PHENANTHRENE 1700 INDENO(1,2,3-CD)PYRENE 3004 360U CARBAZOLE 2300 2500 S02 D3.0 SAMPLE NUMBER
4-CHLORO-3-METHYLPHENOL | 380U 1604 7100 PHENANTHRENE 920 360U CHRYSENE 10000 7700 AND DEPTH IN FEET
1 ACENAPHTHENE 360U 2004 / PYRENEV 2300 360U DIBENZ(AH)ANTHRACENE 1300 990 D01 D4.0 DUPLICATE SAMPLE NUMBER
o .
ACENAPHTHYLENE 360U 3504 MWO5 é% DIBENZOFURAN 4204 890 AND DEPTH IN FEET
ANTHRACENE 360U 204 T80 ® FLUORANTHENE 19000 16000
BENZO(A)ANTHRACENE 3304 2304 - PO FLUORENE 14004 18004 800 ANALYTE CONCENTRATION
v
BENZO(A)PYRENE 50 420J E"%\ INDENO(1 23-CDIPYRENE | 2300 1800 ughkg  MICROGRAMS PER KILOGRAM
BENZO(B)FLUORANTHENE 1904 2104 PHENANTHRENE 13000 15000
BENZO(GH,)PERYLENE 1604 1504 ] ANT"\SLU;E PYRENE 19000 15000 J NUMERICAL VALUE IS AN
(=]
| {BENZOK)FLUORANTHENE 660 200 e 3”%"3 ;'gg‘g '1‘%‘3 TS08 I 5 o8 01040 | S2 D030 | Do2Dos0 ESTIMATED QUANTITY
ANALYTE
CHRYSENE 400 40 PYRENE 8N Lo%e ugkg U ANALYTE NOT DETECTED ABOVE
FLUORANTHENE 560 810 BENZOMANTHRACENE 20 iy srou ASSOCIATED NUMERICAL VALUE
FLUORENE 360U 620 Wa) BENZO(A)PYRENE 2704 3y 3oy
INDENO(1,2,3-CD)PYRENE 1404 1504 °R BENZO(B)FLUORANTHENE 2104 37U 370U uJd ANALYTE NOT DETECTED ABOVE
NAPHTHALENE 360U 7% 500 ) BENZO(KIFLUORANTHENE 4%0 anu anu ASSOCIATED ESTIMATED
PHENANTHRENE 2204 890 S CHRYSENE 380 37U 370U NUMERICAL VALUE
PYRENE 40 1800 . I <0 FLUORANTHENE 610 1804 1404
D
1 TS06 S01 D30 02 D4.0 / INDENO(1,2,3-CD)PYRENE 94J mou 370U
ANALYTE wokg woka =0 T 510 o2 ‘2 PHENANTHRENE 280J anu anu
BENZO(A)ANTHRACENE 2104 anu ANALYTE ughg FYRENE 0 nJ 160J
BENZO(A)PYRENE 290J 37U CHRYSENE 190J 400U ~. ® 512 501 D30 502 D25 : : HITES
FLUORANTHENE] 1704 -, ANALYTE ugkg ugrkg 1. THE ACCURACY OF THIS DOCUMENT IS LIMITED TO THE QUALITY OF THE SOURCE
BENZO(B)FLUORANTHENE a0J sy 400U BENZO(A)ANTHRACENE 2204 370U INFORMATION AND IS NOT SUITABLE FOR MAPPING ENGINEERING APPLICATIONS AND
BENZO(G,H,)PERYLENE 2504 3nu PYRENE 2304 400U IS NOT TO BE USED FOR "AS BUILT"
BENZO(A)PYRENE 2304 370U 2. HORIZONTAL CONTROL POINT ESTABLISHED BY USNS ON SITE WAS USED AS BASIS
BENZO(K)FLUORANTHENE 204 370U OF DRAWING
CHRYSENE o) J TS11 501 D2.0 S02 D2.0 BENZO(B)FLUORANTHENE 2004 370U (%4 VERTICAL CONTROL WAS BASED ON BMT1 WITH AN ELEVATION OF 8.52 FEET
ANALYTE ugkg ughg BENZO(K)FLUORANTHENE 2404 370U 4_ PLANE COORDINATE SYSTEM FOR SAND AND EASTERN ISLANDS, ES-217,
FLUORANTHENE 370 370U ANTHRACENE 370U 2104 CHRYSENE 3004 a70U DRAWING NO.: SUR-6, USNS MIDWAY ISLAND :
INDENO(1,2,3-CD)PYRENE 1904 370U BENZO(A)ANTHRACENE 370U 450 FLUORANTHENE 40 370U % FIRLgJE m%:mmm7
PYRENE 400 370U .
BENZO(APYRENE 160 470 PHENANTHRENE 2104 370U
TS14 S01 D45 S02 D45 BENZO(B)FLUORANTHENE 1704 360 PYRENE . iy CEHRERR
0 ):NNALYTE ;%k 3 ;ggkg BENZO(GHIPERVLEN ou 210 7515 S01 D50 502 D40 1.5 NAVAL STATION. MIDWAY ISCAND
BENZO(AANTHRAGENE BENZO(FLUORANTHENE | 370U 550 AYE ’ : " BRAWING NO. 103856 & 1038657
BENZO(A)PYRENE 370U 2504 ugkg ugkg
: CHRYSENE 2104 630 BENZO(A)ANTHRACENE 2104 380U
BENZO(B)FLUORANTHENE 370U 2604
FLUORANTHENE 2104 890 BENZO(B)FLUORANTHENE 2104 794 Tme
BENZO(K)FLUORANTHENE 30U 360J PHENANTHRENE 370U 680
BENZO(K)FLUORANTHENE 2304 360U
CHRYSENE 370U 3304
FLUORANTHENE 3nu 5104 nEE — 0 CHRYSENE 2704 360U
/ FLUORANTHENE 3404 360U SEMIVOLATILE ORGANIC COMPOUNDS
PHENANTHRENE smou 1804 PYRENE 120 380U DETECTED IN SOIL SAMPLES
PYRENE 370U 4304 / TS18 S01 D35 S02 D4.0 . T e—— BULKY WASTE LANDFILL
TS13 S01 D40 D01 D4.0 502 D55 ANALYTE ughkg ughkg ANALYTE : wokg NAF MIDWAY ISLAND
FLUORANTHENE] 740U 1604 ugkg g
ANALYTE ugkg ugkg ughkg
CENAPHTHENE 30U 370U 1804 PYRENE 740U 180 BENZOMANTHRACENE %0 700U
A RAGENE 70U . 520 BENZO(A)PYRENE 2704 700U
Qzuzo AANTHRAGENE ey " 800 517 501 D6.0 502 D5.0 BENZO(B)FLUORANTHENE 3504 700U
BENZO(A)PYRENE 504 160 2000 ANALYTE ugkg __ugkg BENZO(K)FLUORANTHENE 2704 700U
BE] ZO(B)FLUORANTHENE 1704 1904 1800 ] e - CHRYSENE 0 7oou R
BE:ZO(G)H PERYLENE 370U 30U 520 i B - FLUORANTHENE 620 7oou
BENZO(K’FLII)JORANTHENE 2404 2504 2000 = — = PHENANTHRENE 160 7oou
() 519 S01 D25 S02 D3.0 PYRENE 670 700U FEET
BUTYLBENZYLPHTHALATE 370U 1004 400U ANALYTE v
CARBATOLE 70U 700 »50. ughkg TS20 501 D35 502 D30 D02 D3.0 0 75 150 300 450
BENZO(A)ANTHRACENE 420U ANALYTE ugkg ugkg ugkg
CHRYSENE 3404 380 2600 BENZO(A)PYRENE 420U BENZO(A)ANTHRACENE 800U 760U 2704
DIBENZ(AH)ANTHRACENE 370U 3oy 3004 BENZO(B)FLUORANTHENE 420U BENZO(B)FLUORANTHENE 800U 760UJ 2704 - - —T= FI GURE
INIT. "
FLUORANTHENE 1100 670 4000 BENZO(K)FLUORANTHENE 420U BENZOK)FLUORANTHENE | 800U 760U 2004 ATt REL. DI AR [ AP
INDENO(1,2,3-CD)PYRENE 370U 674 630 CHRYSENE 420U CHRYSENE 800U 760U 3704
PHENANTHRENE 450 370U 1900 FLUORANTHENE 420U FLUORANTHENE 800U 3904 5104 4 — 1
PYRENE 1100 650 3400 PYRENE 420U 1304 PYRENE 800U 4604 540




\

TS01 S01 D30 S02 D3.0 ANTATJTE souz g/z:.o
ANALYTE ughg ughg 44-DDE 1704
4.4_DDD 380NJ 350U ’
+4-DDE w40 oy ALDRIN 79NJ
o0 I S D3E s4-ooT JBONS 550U ALPHA-CHLORDANE 100
4'4,_0’[‘)';"”1& = ;‘99’:3 “‘3%”3 | |#Roctor-r2s0 6900 47004 igggtgz_lzzs ::zz:j
4400 250 0 ENDOSULFAN I 230NJ 350U DELORIN -
ENDRIN ALDEHYDE| ~ 340NJ 350U
44-DDT 260 984 ENDOSULFAN I 280NJ
ALPHA-CHLORDANE| 92U 45NJ ENDRIN 200NJ
AROCLOR-1254 180U 12004 ENDRIN ALDEHYDE 370NJ
TS05 S01 D4.0 DOT D40 02 D2.5 GANMA-CHLORDANE BN
ETE o wia o !-E’ITACHLOR EPOXDE|  67NJ
44-00D 170U 75U 48N
44-DDE 2604 350
44-DDT 170U 75U 1204 T802
ALDRIN 8u 60NJ 95U MWo1 SO1 -
ALPHA-CHLORDANE 89U 94NJ ® -
AROCLOR-1254 3200 35004 180U TP11
AROCLOR-1260 1700V 750U 7804 N TS04
DIELDRIN 170U 130NJ 18U
ENDRIN 170U 75U 45NJ
GAMMA-CHLORDANE 89U 39U 47NJ TS05 Ts07
HEPTACHLOREPOXIDE| 89U 47NJ 95U S \
AN -
7506 01 D3.0 S02 D4.0 TS07 501035 | 502 DGO TS06 __\
ANALYTE ugkg ugkg ANALYTE ughkg ughg Q
4.4-DDD 180U 22J 44-0DD 36U 68N
4,4-DDE 180U 14J 4,4-DDE 36U 36J <
ALPHA-CHLORDANE 91U 31 44-DDT 4N 36U o TS10
AROCLOR-1260 2000 2304 AROCLOR-1260 1200 7004 AN\
ENDOSULFAN I - 180U 66N ENDRIN 36U 45N ~
ENDRIN 180U 1N ENDRIN ALDEHYDE| 64 NJ 40N O :
ENDRIN ALDEHYDE 180U T 5
510 S01 D45 02 D5.0
TSt 501 D2.0 502 D2.0 ANALYTE uoka 1okg TS11
__ANALYTE ughkg ughg 4,4-DDD 200U 100J < AN
:'::ggg 11912” ;2): 4,4-DDE 200U a0 ] 1) MWO
' 44-DDT 200U 140N D
44-00T 84N 160NJ AROCLOR1260 | 2000 8% ) Y
ALPHA-CHLORDANE 140 470 S 1
AROCLOR-1260 5204 1400 A
ENDRIN 36N 720 ©
GAMMA-CHLORDANE | 160NJ 500J %
TS12 501 D30 S02 D25 <
TS14 S01 D45 502 D45 ANALYTE ugkg ugkg
ANALYTE ugkg ugkg 4.4-DDE 1004 130 20
4,4-DDD 3 U 44-DDT 86NJ 49NJ o
4,4-DDE 48J 100 ALPHA-CHLORDANE 94J 55 2 TS18
4,4-DDT 63J 63NJ AROCLOR-1260 520 4104 ’ W —
AROCLOR-1260 150 5704 DIELDRIN 604 18U O
ENDRIN 83NJ %U ENDRIN SONJ 18U =
ENDRINALDEHYDE]  7.3NJ 36U GAMMA-CHLORDANE 120NJ 63NJ >
TS18 S01 D35 | S02 D40 S5 N
ANALYTE ugkg ugkg
4.4-DDD 74N 204 =
44-DDE 654 170 1817 $01 D6.0 502 D5.0 e
, ANALYTE u u
44-DDT 39N 1904 oo 1%"‘09 gg
ALPHA-CHLORDANE 14 14 ALDRIN 26N 21U
AROCLOR-1260 190J 180 ALPHA-CHLORDANE 12NJ 33
DIELDRIN 24 40J AROCLOR-1254 230J )
ENDRIN ALDEHYDE 7.4U 10N AROGLOR-1260 wy 120 o ST AT
ENDRIN KETONE 84NJ 38U DIELDRIN 44U 414 ANALYTE uglkg ug/kg
GAMMA-CHLORDANE 644 144 ENDAIN 2N U 4,41—DDE 51 83
METHOXYCHLOR 63J 19U ENDRIN ALDEHYDE 754 77NJ ‘;';r;gz;wml ?g:j 2;3
GAMMA-CHLORDANE | 66N 41N : :

LEGEND

1503 S01 D3.0 S02 D4.0
TS02 S01 D3.0 S02 D4.0
ANATE | ugig g P Y T MWO01 & MONITORING WELL LOCATION
4,4-DDD 344 180U ! AND NUMBER
, 44-DDE 460 350U
44-DDE 48 180U ' " o
44-D0T N 180U “A;Ozf; o060 85:00 3:000 TP0O1 @ TEST PIT LOCATION
AROCLOR-1260 2704 2100 - AND NUMBER
Ts08 S01 D40 | S02D30 | D02 D30 TS01 — TRENCH LOCATION
<5 ANALYTE ug/kg ugkg ugkg
D“ 44-DDD 200N a7y 37y AND NUMBER
X9 44-D0E 40 & 8 S02 D3.0 SAMPLE NUMBER
<5 44-DDT 670NJ 120NJ 91NJ AND DEPTH IN FEET
S AROCLOR-1260 4600 770 760
MWOS i:)o DIELDRIN 190U 110 1004 D01 D40 DUPL!CATE SAMPLE NUMBER
S ENDRIN ALDEHYDE|  190NJ 37U 37U AND DEPTH IN FEET
TS°3| 1500 S01 D20 S02 D35 400 ANALYTE CONCENTRATION
N ANALYTE ugkg ugkg
‘8 24-DDE ™ 180U ug/kg MICROGRAMS PER KILOGRAM
AROCLOR-1260 670 2400 J NUMERICAL VALUE IS AN
\s ESTIMATED QUANTITY
TSo8 I 2\ Ts13 S01 D40 | D01 D40 | S02 D55
A\ ANALYTE uglkg ugkg ughkg NJ PRESUMPTIVE EVIDENCE OF THE
[S)\ 44-DDE 31y 44 110 ANALYTE AT AN ESTIMATED QUANTITY
44-DDT 37U 37U 31NJ
o U ANALYTE NOT DETECTED ABOVE
N ALPHACHLORDANE | 190 Loy % ASSOCIATED NUMERICAL VALUE
Ts09 'O AROCLOR-1260 a7y 37y 6054
Co DIELDRIN a7y 37U 264
l =0 ENDRIN ALDEHYDE 37U 37U 39NJ
GAMMA-CHLORDANE 19U 19U 19NJ
)
MW02 3
1515 S01 D5.0 S02 D4.0
3] HOTER
ANALYTE ugkg ugkg
44-DDD 46J 19J 1. THE ACCURACY OF THIS DOCUMENT IS LIMITED TO THE QUALITY OF THE SOURCE
o 44'-DDE 66 484 INFORMATION AND IS NOT SUITABLE FOR MAPPING ENGINEERING APPLICATIONS AND
) g IS NOT TO BE USED FOR "AS BUILT" W AS BASIS
o 4,4'-DDT 61NJ 26NJ OFHgRA%:?(;AL CONTROL POINT ESTABLISHED BY USNS ON SITE WAS USED
' T812 b ALPHA-CHLORDANE 19U 224 3 VERTICAL CONTROL WAS BASED ON BM# 11 WITH AN ELEVATION OF 8.52 FEET
— E COORDINATE SYSTEM FOR SAND AND EASTERN ISLANDS, ES-217,
O AROCLOR-1260 420 170J 3“9%'5‘ NG SR AT LD
DIELDRIN 36U 73
4. FILE: /apps/hm/cto136/ 1122897
SIS = ENDRIN %U 60N appallaniet 136/maps/m
ENDRIN ALDEHYDE 36U 55N SOURGER
\ 0.5/ NAVAL STATION, MIDWAY ISLAND
TS15 Q TS16 S01 D40 S02 D2.0 8. TION,
A ANALYTE gy ughg DRAWING NO.: 103856 & 1038657
’ ) 4,4-DDD 15NJ 35U —
44-DDE 2 12
R ’
= 44-DDT a7J 244
ALPHA-CHLORDANE 55 18U
0 AROCLOR-1260 & o ORGANOCHLORINE PESTICIDES AND PCBS
S ENDRIN ALDEHYDE 19NJ 52NJ DETECTED IN SOIL SAMPLES
: 2 GAMMA-CHLORDANE 85J 2 3J BULKY WASTE LANDFILL
817 K : : NAF MIDWAY ISLAND
Cmrecy o
<
Q) 1520 501 D35 S02 D3.0 D02 D3.0
<S> ANALYTE _ughkg uglkg ugkg
) 44-DDD 40U 24 104
4,4-DDE 704 200 120
Mwo4 4,4-DDT 40U 1304 894 N
&s00 ALDRIN 20U 19NJ 19U
) ALPHA-CHLORDANE 20U 10NJ 50
S AROCLOR-1254 400U 1304 a7y FEET
S -
0o Tsi <) AROCLOR-1260 7800 1504 51NJ 0 75 150 300 450
230 N\ S DIELDRIN 40U 62NJ 5.1
02 ENDOSULFAN Il 100NJ 46N 37U
O 3
> ENDRIN 40U 14NJ 37U pATE [REV. [DRWN. [ivir, Tonxp Jovr [ape il F T G U R E
S .S o (S ST ENDRIN ALDEHYDE 210NJ 78NJ 37U 02/05/97) 1 | CME HEP mC
Q GAMMA-CHLORDANE 20U 83NJ 524 4__ 2
METHOXYCHLOR 200U 19U 234







MWO1 DO
| ANALYTE uglL
1,3,5- TRICHLOROBENZENE 001 p—
ACENAPHTHENE 0.036
MWO5 501
ANTHRACENE o7 s o MWO01 % MONITORING WELL LOCATION
gg:ig‘i)ﬂug;‘::TT:E:E 000164 ACENAPHTHENE 15 AND NUMBER
e oter OEAPTILENE o S01  SAMPLE NUMBER
DIBENZOTHIOPHENE 0:3? ANTHRAGENE 0249
' BENZO(A)ANTHRACENE 0.026 DO1 DUPLICATE SAMPLE
DIBENZOTHIOPHENES, C1-ALKYL-SUBSTITUTED | 0011
DIBENZOTHIOPHENES, C2-ALKYL-SUBSTITUTED | 0.022 BENZOIAPYRENE 00024 0.55 ANALYTE CONCENTRATION
DIBENZOTHIOPHENES. C3-ALKYL-SUBSTITUTED | 0.0 BENZO(E)FLUORANTHENE 000434 '
\ - 015
BENZO(E)PYRENE 000244 ug/L MICROGRAMS PER LITER
FLUORANTHENE 0.043
BENZO(K)FLUORANTHENE 0.0026J
FLUORANTHENES+PYRENES, C1-ALKYL-SUB 0.015 J NUMERICAL VALUE IS AN
FLUORENE 0008 BIPHENTL o7 ESTIMATED QUANTITY
FENES. GIoAL : CHRYSENE 0.026
;30 N z C"ALEYL'SUBST"UTED' 0012 CHRYSENES, C1-ALKYL-SUBSTITUTED- 0.0032
NAP‘:‘FT*HAEE;E’Z' YL-SUBSTITUTED- ootz MWOS | 55ENZOTHIOPHENE 017
OHTHALENES.C1 . 0016 ® | DIBENZOTHIOPHENES, G1-ALKYL-SUBSTITUTED | 0042
:::PHT:ALE:E:’ CZ-ﬁIL-SUBST|mTED- 0.006J MWOo1 DIBENZOTHIOPHENES, C2-ALKYL-SUBSTITUTED | 0.019
ENES'C -ALKYL-SUBSTITUTED- oot ® DIBENZOTHIOPHENES, C3-ALKYL-SUBSTITUTED | 0.0096
NA:HTHAL : S—ALK\Y(L—SUBSTITUTED— 0.02 FLUORANTHENE 12
NAPHTHALENES, C4-ALKYL.-SUBSTITUTED- 0019 FLUORANTHENES+PYRENES, C1-ALKYL-SUB 0.12
PHENANTHRENE 0.0081 FLUORANTHENES+PYRENES, C2-ALKYL-SUB 0016
PHENANTHRENES+ANTHRACENES, C1-ALKYL-SUB| 0.0075 FLUORENE 018
PHENANTHRENES+ANTHRACENES, C2-ALKYL-SUB| 0.016 FLUOBENES, G1-ALKYL-SUBSTTUTED- 0074
PHENANTHRENES+ANTHRACENES, C3-ALKYL-SUB| 0.012 % FLUORENES, C2-ALKYL-SUBSTITUTED- 0031
PYRENE o047 ) NAPHTHALENE 043
MWo3 sot NAPHTHALENES, C1-ALKYL-SUBSTITUTED- 093
~ &TRICHLOROBENA;EA;EYTE 0“(?1’; )\ NAPHTHALENES, C2-ALKYL-SUBSTITUTED- 058 T =
" ’ Mwo2 o1 NAPHTHALENES, C3-ALKYL-SUBSTITUTED- 0.12 ANALYTE ugl
H ACENAPHTHENE 0.68 ANALYTE ugl
NAPHTHALENES, C4-ALKYL-SUBSTITUTED- 0.036 1,3,5-TRICHLOROBENZENE 0.55
H ANTHRACENE 0144 ACENAPHTHENE 0.2 wwoz |PERYLENE 00014 |[xcena
BENZO(A)ANTHRACENE 0012 ANTHRACENE 0.045J WO PHENANTHRENE ' D | PHTHs:‘EN €8s
L BENZO(A)PYRENE 0.0026J BENZO(A)ANTHRACENE 0011 S M ' ENAPHTHYLENE 0027 o
PHENANTHRENES+ANTHRACENES, C1-ALKYL-SUB| 02 |} ANTHRACENE 0224
BENZO(B)FLUORANTHENE 0.0038J BENZO(A)PYRENE 0.0054J 1. THE ACCURACY OF THIS DOCUMENT IS LIMITED TO THE QUALITY OF THE SOURCE
PHENANTHRENES+ANTHRACENES, C2-ALKYL-SUB| 0.045 BENZO(A)ANTHRACENE 0.023 INFORMATION AND IS NOT SUITABLE FOR MAPPING ENGINEERING APPLICATIONS AND
BENZO(E)PYRENE 0.0045J BENZO(B)FLUORANTHENE 0.0083J IS NOT TO BE USED FOR "AS BUILT” -
PHENANTHRENES+ANTHRACENES, C3-ALKYL-SUB| 0.013 | {BENZO(A)PYRENE 0.0034J 2. HORIZONTAL CONTROL POINT ESTABLISHED BY USNS ON SITE WAS USED AS BASIS
BENZO(G H,))PERYLENE 000124 BENZO(E)PYRENE 0.0056J PYRENE 076 ||senzomrLuona | OF DRAWING 11 WITH AN ELEVATION OF .52 FEET
BENZO(K)FLUORANTHENE 0.0015J BENZO(G,H,))PERYLENE 0.0034 J S . BENZO( )PYHCI)ENE b 00 J SM\{E%ICAL o ottt ,
BIPHENYL 0.026 BENZO(KIFLUORANTHENE 000374 ) © 003 DR B DS SIAY LD EASTERN ISLANDS, ES-217,
BENZO(G H,)PERYLENE 0.0016J 3. PROJECT NUMBER 110180136
CHRYSENE 0.017 BIPHENYL 0015 L FILE: fappsim/eto136/maps/m1132697
MWO. = BENZO(K)FLUORANTHENE 0.0023J -
CHRYSENES, C1-ALKYL-SUBSTITUTED- 0011 CHRYSENE 0011 3 BPHENYL
CHRYSENES, C2-ALKYL-SUBSTITUTED- 0.024 CHRYSENES, C1-ALKYL-SUBSTITUTED- 0.0069 cl::fN 10 SOUBGES
CHRYSENES, C3-ALKYL-SUBSTITUTED- 0013 CHRYSENES, C2-ALKYL-SUBSTITUTED- 0015 SENE 0019 PERRY AND ASSOCIATES INC
CHRYSENES, C1-ALKYL-SUBSTITUTED- 00046 S R A O ay S AND
DIBENZO(A H)ANTHRACENE 0.0009J DIBENZO(AH)ANTHRACENE 0.0015J Q .S TION,
DIBENZO(A,H)ANTHRACENE 0.0008.J DRAWING NO.: 103856 & 1038657
DIBENZOTHIOPHENE 025 DIBENZOTHIOPHENE 01 o 7 ‘
DIBENZOTHIOPHENES, C1-ALKYL-SUBSTITUTED 10 DIBENZOTHIOPHENES, C1-ALKYL-SUBSTITUTED | 0.13 = DIBENZOTHIOPHENE 016 e
DIBENZOTHIOPHENES, C2-ALKYL-SUBSTITUTED 11 DIBENZOTHIOPHENES, C2-ALKYL-SUBSTITUTED | 0.15 Q) DIBENZOTHIOPHENES, C1-ALKYL-SUBSTITUTED | 0,057
DIBENZOTHIOPHENES, C3-ALKYL-SUBSTITUTED | 0.2 DIBENZOTHIOPHENES, C3-ALKYL-SUBSTITUTED | 0.12 QD“ g:zg:;g;::g::z:iz' gi::ﬁgt'zﬂ:;gﬁg) 0043
- D | 0022
FLUORANTHENE 025 FLUORANTHENE 0.084 '
(®) FLUORANTHENE 045 SEMIVOLATILE ORGANIC COMPOUNDS
FLUORANTHENES+PYRENES, C1-ALKYL-SUB 0072 FLUORANTHENES+PYRENES, C1-ALKYL-SUB 025 Q FLUORAN . DETECTED IN GROUND WATER
FLUORANTHENES+PYRENES, C2-ALKYL-SUB 0.047 FLUORANTHENES +PYRENES, C2-ALKYL-SUB 0.079 C;@ FLUO THE:E:+PYRE £S, C1-ALKYL-SUB 0e78 BULKY WASTE LANDFILL
FLUORANTHENES+PYRENES, C3-ALKYL-SUB 0.031 FLUORANTHENES+PYRENES, C3-ALKYL-SUB 0.02 5 FL(Lj xNTH *PYRE:E?CZ'ALKY"SUB 0026 NAF MIDWAY ISLAND
FLUORENE 026 FLUORENE 0033 2 5 ORE:THENES+PYRE ES, C3-ALKYL-SUB 0011
FLUORENES, C1-ALKYL-SUBSTITUTED- 033 FLUORENES, C1-ALKYL-SUBSTITUTED- 0076 ﬁ% s FLUo c E €8
FLUORENES, C2-ALKYL-SUBSTITUTED- 035 FLUORENES, C2-ALKYL-SUBSTITUTED- 0.084 <0 FLUORENES, C1-ALKYL-SUBSTITUTED- C14
FLUORENES, C3-ALKYL-SUBSTITUTED- 025 FLUORENES, C3-ALKYL-SUBSTITUTED- 0,079 Q“ FLUORENES, C2-ALKYL-SUBSTITUTED- 005t
INDENO(1,2,3-CD)PYRENE 0.0013J INDENO(1,2,3-CD)PYRENE 0.0036J 2 MWO4 S 'ND;NO(1'2'3“CD)PYRENE 000194
NAPHTHALENE 093 NAPHTHALENE 04 e of [° :ip THALENE 48 N
NAPHTHALENES, C1-ALKYL-SUBSTITUTED- 0.51 NAPHTHALENES, C1-ALKYL-SUBSTITUTED- 0.13 % A HTHALENES, C1-ALKYL-SUBSTITUTED- 7
NAPHTHALENES, C2-ALKYL-SUBSTITUTED- 27 NAPHTHALENES, C2-ALKYL-SUBSTITUTED- 033 ° C(’) S ::g::ALENES' C2-ALKYL-SUBSTITUTED- 76 FEET
NAPHTHALENES, C3-ALKYL-SUBSTITUTED- 37 NAPHTHALENES, C3-ALKYL-SUBSTITUTED- 0.46 S °S ALENES, C3-ALKYL-SUBSTITUTED- 12 0 75 150 300 450
0 = NAPHTHALENES, C4-ALKYL-SUBSTITUTED- 021
NAPHTHALENES, C4-ALKYL-SUBSTITUTED- 15 NAPHTHALENES, C4-ALKYL-SUBSTITUTED- 026 <25
SN o) PERYLENE 0.0011J
PERYLENE 0.001J PERYLENE 0.002J [0°
PHENANTHRENE 0.41 PHENANTHRENE 0053 Do &S PHENANTHRENE 13 — =T FIl GURE
- - A2 INIT, | CHKD, | IN]
PHENANTHRENES+ANTHRACENES, C1-ALKYL-SUB|  0.25 PHENANTHRENES +ANTHRACENES, C1-ALKYL-SUB| 0054 60 B PHENANTHRENES+ANTHRACENES, C1-ALKYL-SUB|  0.16 DALE REY. DR - -
) 5 PHENANTHRENES+ANTHRACENES, C2-ALKYL-SUB| 0.052 020571 1 | CME P M
PHENANTHRENES+ANTHRACENES, C2-ALKYL-SUB|  0.28 PHENANTHRENES+ANTHRACENES, C2-ALKYL-SUB| 0.064 2
PHENANTHRENES+ANTHRACENES, G3-ALKYL-SUB|  0.14 PHENANTHRENES +ANTHRACENES, C3-ALKYL-SUB| 0,053 PHENANTHRENES+ANTHRACENES, C3-ALKYL-SUB) - 0.022 4 —4
PHENANTHRENES+ANTHRACENES, C4-ALKYL-SUB| 0.085 PHENANTHRENES+ANTHRACENES, C4-ALKYL-SUB| 0038 PYRENE 031
|1 PYRENE 0.19 PYRENE 0073




LEGEND

MWO01 % MONITORING WELL LOCATION

AND NUMBER
S01 SAMPLE NUMBER
DO1 DUPLICATE SAMPLE
0.033  ANALYTE CONCENTRATION
ug/L MICROGRAMS PER LITER

J NUMERICAL VALUE IS AN
ESTIMATED QUANTITY

MOTES

MWO05 S01

ANALYTE ugl
2,4-DDD 0033
44-DDD 0.098
44-DDE 0.0026
ALPHA-CHLORDANE | 0.0008
DIELDRIN 0.002
HEXACHLOROBENZENE | 0.0002J
MIREX 0.0002J

MW02 S01

ANALYTE ugl

2,4-DDD 0.002

44-DDD 0.004

44-DDE 0.0032

ALPHA-CHLORDANE | 0.0011

BETA-BHC 0.0032

DIELDRIN 0.0012

ENDOSULFAN | 0.0004

GAMMA-BHC (LINDANE) | 0.0063

HEXACHLOROBENZENE | 0.0009

1. THE ACCURAGY OF THIS DOCUMENT IS LIMITED TO THE QUALITY OF THE SOURCE
INFORMATION AND IS NOT SUITABLE FOR MAPPING ENGINEERING APPLICATIONS AND
1S NOT TO BE USED FOR "AS BUILT”

%FH[?RIZONT AL CONTROL POINT ESTABLISHED BY USNS ON SITE WAS USED AS BASIS
SM\{ERTICAL CONTROL WAS BASED ON BM#11 WITH AN ELEVATION OF 8.52 FEET

PLmE COORDINATE SYSTEM FOR SAND AND EASTERN ISLANDS, ES-217,
DRAWING NO.: SUR-8, USNS MIDWAY ISLAND

3, PROJECT NUMBER 110190136

4. FILE: lappslhrn/cto1361mapslm1142897

SOURCES

PERRY AND ASSOCIATES INC.,
U. S. NAVAL STATION, MIDWAY ISLAND
DRAWING NO.: 103856 & 1038657

MWO1 DO1
ANALYTE ugl
2,4-DDD 0.0014
4,4-DDD 0.0045
ALPHA-CHLORDANE| 0.0002J
DIELDRIN 0.0007
MWO3 S01
ANALYTE ugl
2,4-DDD 0.0009
4,4-DDD 0.0037
4,4-DDE 0.0018
ALPHA-BHC 0.0002J
ENDOSULFAN | 0.0007
GAMMA-BHC (LINDANE) | 0.0017
HEXACHLOROBENZENE | 0.0002J

TILE

ORGANOCHLORINE PESTICIDES
DETECTED IN GROUND WATER
BULKY WASTE LANDFILL
NAF MIDWAY ISLAND

FEET
] 75 150 300 450

paTE [REV. [prwn [ivr Tonkp Tivr [aper. In] F T G U R E

02/05/97 CMF HFP MC
4-5




MwWo1

ANALYTE

PCB-101(2,2',3,5,5)
PCB-138(2,2',3,44'5)
PCB-153(2,2'4,4'5,5)
PCB-180(2,2',3,4,4'5,5)
PCB-66 (2,3 4,4

MWO05 So1
ANALYTE ugl
PCB-101 2.2/35,5) 0.0046

PCB-138(2,2',3,4,4'5) 0.0016
PCB-153(2,2'4,4'5,5) 0.0028
PCB-170(2,2',33'4,4,5) | 0.0003J
PCB-180(2,2',34,4'55) | 0.0005J
PCB-187(2,2',34'55,6) | 0.0008

uglL
0.0016
0.0017
0.0011
0.0006J
0.0008
MWo3 S01
ANALYTE ugh
PCB-118 (2,3,4,4'5) 0.0005
PCB-138 (2,2,34.4'5) 0.002
PCB-153 (22/44'5,5) 0.001
PCB-1702.2,3344.5) | 0.0006J
PCB-18(22'5) 0.0054
PCB-180(2,2,344'55) | 0.0008
PCB-187 (2.2,34'55'6) | 0.0006
PCB-28(2,4.4) 0.0003J
PCB-8 (2.4) 0.0076

LEGEND

MWO01 & MONITORING WELL LOCATION
AND NUMBER

S01 SAMPLE NUMBER

DO1 DUPLICATE SAMPLE
0.0046  ANALYTE CONCENTRATION

ug/L MICROGRAMS PER LITER

J NUMERICAL VALUE IS AN
ESTIMATED QUANTITY

MOTER

1. THE ACCURACY OF THIS DOCUMENT IS LIMITED TO THE QUALITY OF THE SOURCE
INFORMATION AND IS NOT SUITABLE FOR MAPPING ENGINEERING APPLICATIONS AND
1S NOT TO BE USED FOR "AS BUILT"

‘ZJ.FH[?&I‘Z'PI%AL CONTROL POINT ESTABLISHED BY USNS ON SITE WAS USED AS BASIS
3. \[I.ERTICAL CONTROL WAS BASED ON BM#11 WITH AN ELEVATION OF 8.52 FEET

Y.‘ PLXQE COORDINATE SYSTEM FOR SAND AND EASTERN ISLANDS, ES-217,
DRAWING NO.: SUR-8, USNS MIDWAY ISLAND

3. PROJECT NUMBER 110190136

4. FILE: /apps/hm/cto136/maps/m1152897

PERRY AND ASSOCIATES INC.,
U. S. NAVAL STATION, MIDWAY ISLAND
DRAWING NO.: 103856 & 1038657

TILE

PCB CONGENERS
DETECTED IN GROUND WATER
BULKY WASTE LANDFILL
NAF MIDWAY ISLAND

PCB-28 (24.4) 0.0003J
PCB-44(22'35) 0.0009
PCB-52(2,2'5,5) 0.0033
PCB-8 (24) 0.0008
MW02 S01
ANALYTE ugl
PCB-101(2.2'35,5) 0.0021
PCB-118(2,3 4.4'5) 0.0023
PCB-138(22'34,4'5) 0.0024
PCB-153(22'4.455) 0.0007
PCB-18(22'5) 0.006
PCB-180(2,2'34.4'55) 0.0012
PCB-195(2.2'3,3 4.4'5,6) 0.0002J
PCB-209 (2233 4.4'55,66) 0.0027
PCB-44 2,2 35) 0.0044
PCB-52 (2.2'55) 0.0022
PCB-66 (2,3 4.4) 0.0026
MW04 501
ANALYTE ugl
PCB-138(22'34,45) 0022
PCB-153(2,2/4,4'5,5) 0.0081
PCB-170(2,2'3,3 4,4'5) 0.0038
PCB-180(22'344'5,5) 0.0027
PCB-195(22'33 44'56) | 0.0005J
PCB-66 (2,3,4,4) 0012
PCB-8 (2.4) 0,007

FEET

0 75 150 300 450

DATE

INIT.

CHKD,

INIT,

INIT.

FI GURE

02/05/97

CMF

HFP

MC

4-6




®
S01 D05 /
ugkg

MS04

MS02

MS01

LEGEND

MS01 @ MARINE SEDIMENT SAMPLE
LOCATION AND NUMBER

S01 D0.5 SAMPLE NUMBER
AND DEPTH IN FEET

D01 D0.5 DUPLICATE SAMPLE NUMBER
AND DEPTH IN FEET

- 0.038 ANALYTE CONCENTRATION
ug/kg MICROGRAMS PER KILOGRAM

HOTES

MS04
ANALYTE
PCB-138(2,2',34,4'5) 0.056 MS02 501 D05 DO1 D05
ANALYTE ugkg uglkg
MS03 PCB-138 (2,2',34.4,5) 0.076 0.072
®
MS01 S01 D05
ANALYTE ugkg
2,4-DDE 0.13
PCB-138(2,2',3,4,4'5) 0.045
MS03 S01 DO.5
ANALYTE ugkg
PCB-138(2,2'34,4'5) 0.073

r

1. THE ACCURAGY OF THIS DOCUMENT IS LIMITED TO THE QUALITY OF THE SOURCE
INFORMATION AND IS NOT SUITABLE FOR MAPPING ENGINEERING APPLICATIONS AND
IS NOT TO BE USED FOR "AS BUILT"

%FHSI?AI\ZAgnEAL CONTROL POINT ESTABLISHED BY USNS ON SITE WAS USED AS BASIS
3. VERTICAL CONTROL WAS BASED ON BM#11 WITH AN ELEVATION OF 8.52 FEET

MLL

S. PLANE COORDINATE SYSTEM FOR SAND AND EASTERN ISLANDS, ES-217,
DRAWING NO.: SUR-8, USNS MIDWAY ISLAND

3. PROJECT NUMBER 110190136

4. FILE: /apps/hm/cto136/maps/m1162897

PERRY AND ASSOCIATES INC.,
U. S. NAVAL STATION, MIDWAY ISLAND
DRAWING NO.: 103856 & 1038657

TIILE

ORGANOCHLORINE PESTICIDES AND
PCB CONGENERS
DETECTED IN SEDIMENT
AT REFERENCE SAMPLING STATIONS
NAF MIDWAY ISLAND

o

FEET
0 2500 5000 10000

15000

pate | Rev. [prwr iy Toprp, Tivw Tarer. [l F T G UR E

02/0697) 1 CMF HFP IMC

4-7




SWo3

So1

Dot

ANALYTE

uglh

ugh

GAMMA-BHC (LINDANE)
HEXACHLOROBENZENE

0.00027 U
0.00034 U

0.00032
0.00025J

o=

SWO03

SWo1

SWOT 01
ANALYTE ugl
HEXACHLOROBENZENE

LEGEKD

SWo01 B SEAWATER SAMPLE
LOCATION AND NUMBER

S01 SAMPLE NUMBER

DO1 DUPLICATE SAMPLE
0.00067  ANALYTE CONCENTRATION

ug/L MICROGRAMS PER LITER

J NUMERICAL VALUE IS AN
ESTIMATED QUANTITY

U ANALYTE NOT DETECTED ABOVE
ASSOCIATED NUMERICAL VALUE

1. THE ACCURACY OF THIS DOCUMENT IS LIMITED TO THE QUALITY OF THE SOURCE
INFORMATION AND IS NOT SUITABLE FOR MAPPING ENGINEERING APPLICATIONS AND
1S NOT TO BE USED FOR "AS BUILT"

2. HORIZONTAL CONTROL POINT ESTABLISHED BY USNS ON SITE WAS USED AS BASIS

OF DRAWING
3M\I{ERTIGAL CONTROL WAS BASED ON BM#11 WITH AN ELEVATION OF 8.52 FEET

. PLANE COORDINATE SYSTEM FOR SAND AND EASTERN ISLANDS, ES-217,
DRAWING NO.: SUR-6, USNS MIDWAY ISLAND :
3. PROJECT NUMBER 110190136
4. FILE: /apps/hm/cto136/maps/m1172897

PERRY AND ASSOCIATES INC.,
U.S. NAVAL STATION, MIDWAY ISLAND
DRAWING NO.: 103856 & 1038657

TLE

ORGANOCHLORINE PESTICIDES AND
PCB CONGENERS
DETECTED IN SEAWATER
AT REFERENCE SAMPLING STATIONS
NAF MIDWAY ISLAND

o

FEET

0

2500

5

000

10000

15000

DATE

REV,

DRWN

INIT,

CHKD,

INIT,

APPR.

INIT,

FI GURE

02/05/97

CMF

HFP

MC

4-8




Cﬁ,b e ST e 0 0.5 1 Mikes

e _——
S T [ ]
0 o N
C) N h
of < . AN
\\\\\ Ref 04 e )
o> ef 0 Ref 02 . (Ref 01
S NS S |0:008
D |0.504 S NS D lo.ize
' D |0.554 A
] A [39.1 A 1717 A INS N
| 1296 | 3'70 I |3.87
H |11.7 H 1;1 6 H [10.3 *
) 8 ; 3 \\
C 8.42 c Ins C |135
. y
. [Ref03
77 ™| s |o.008
- 7| D [0.517
Ref 03 Alternate SHIP .
TURNING
A |25.9 BASIN :
I |3.89 :
H [39.3
c Ins
” EASTERN
1Y ISLAND
' ‘.\: "// ’
LEGEND
Ref 01 Reference Sampling Station
S 10.006 Seawater Concentration (pg/L)
D 0479 Sediment Concentration (pg/kg)
MARINE REFERENCE A NS Algae Concentration (ug/kg)
SAMPLE LOCATION | |3.87 Invertebrate Concentration (ug/kg)
H [10.3 Herbivorous Fish Concentration (pg/kg)
C |135 Carnivorous Fish Concentration (ug/kg)
NS Not Sampled
File: ..\MIDWAY\RN01129703.CDR Source;: NAVFACENGCOM Dwg. No. 1038656, 1983

TOTAL PCB CONCENTRATIONS IN ALL SAMPLED MEDIA FIGURE

AT REFERENCE SAMPLING STATIONS
FOR 1996 SAMPLING EVENT 4-9
NAF MIDWAY ISLAND




&

7

MS01 S01 D05 D01 D05

ANALYTE ugkg ugkg
2,4-DDD 1 77
2,4-DDE 23 0.85
2,4-DDT 33 30
4,4-DDD 17 15
44-DDE 9.0 6.7
4,4-DDT 47 54
ALPHA-CHLORDANE 0.86 1.0
DIELDRIN 12 2.1
GAMMA-CHLORDANE 0.84 1.2
TRANS-NONACHLOR 0.65

MS10 S01 D0.5
ANALYTE ug/kg
2,4-DDE 0.066
4,4-DDD 0.14J
4,4-DDE 0.16
0.11

/ ALPHA-CHLORDANE

\

S02

MS02

ANALYTE

2,4-DDD
2,4-DDT
4,4-DDD
4,4-DDE
4,4-DDT
ALPHA-CHLORDANE
GAMMA-CHLORDANE
TRANS-NONACHLOR

\

MS03 S01 D0.5

ANALYTE ug/kg
2,4-DDD 0414
2,4-DDE 0.1
2,4-DDT 0.23
4,4-DDD 0494
4,4-DDE 0.77
ALPHA-CHLORDANE 0.055

0.043 -

MSi1 | So1 D05
ANALYTE|  ughg
44-DDD| 008
44-DDE| 0052
MSO07
/ ®
10
MS11 |
®
MSO7 | SO D05
ANALYTE| ugkg
. 44-DDD|  0.064J
MS12 44'-DDE 022
MS08 501 D05 44-DDT| o1
® ANALYTE ugkg :
= = 2,4-DDD 22J
01 D05 ,
ALY kg 2,4-DDT 0.57
2,4-DDT 0.034 44-0DD 394
44-DDD 044 4,4-DDE 49
4,4-DDE 047 44'-DDT 14
44-DDT 013 ALPHA-CHLORDANE 074
Ll §01 D05 ' ' GAMMA-CHLORDANE | 0,64
ANALYTE 10kg ALPHA-CHLORDANE 0.053 :
GAMMA-BHC (LINDANE) 0.023J GAMMA-CHLORDANE 0.0484 TRANS-NONACHLOR 042
GAMMA-CHLORDANE 0.02J TRANS-NONACHLOR 0.045

GAMMA-CHLORDANE

LEGEND

MARINE SEDIMENT SAMPLE
LOCATION AND NUMBER

SAMPLE NUMBER
AND DEPTH IN FEET

DUPLICATE SAMPLE NUMBER
AND DEPTH IN FEET

1 ANALYTE CONCENTRATION
ug/kg MICROGRAMS PER KILOGRAM

J NUMERICAL VALUE IS AN
ESTIMATED QUANTITY

MS01 ®

S01 D0.5

D01 DO.5

1. THE ACCURAGY OF THIS DOCUMENT IS LIMITED TO THE QUALITY OF THE SOURCE
INFORMATION AND IS NOT SUITABLE FOR MAPPING ENGINEERING APPLICATIONS AND
IS NOT TO BE USED FOR "AS BUILT"

%Fﬂg&%% AL CONTROL POINT ESTABLISHED BY USNS ON SITE WAS USED AS BASIS
3. VERTICAL CONTROL WAS BASED ON BM#11 WITH AN ELEVATION OF 8.52 FEET

MLLW)
S. PLANE COORDINATE SYSTEM FOR SAND AND EASTERN ISLANDS, ES-217,
DRAWING NO.: SUR-8, USNS MIDWAY ISLAND
3. PROJECT NUMBER 110190136
4. FILE: /apps/hm/cto136/maps/m1182837

PERRY AND ASSOCIATES INC.,
U. S. NAVAL STATION, MIDWAY ISLAND
DRAWING NO.: 103856 & 1038657

TLE

MS06 S01 D05
ANALYTE ugkg
ALPHA-BHC 0.036
MS05 S01 D05
ANALYTE ugkg
2,4-DDD 0.75J
2,4-0DT 017
4,4'-DDD 144
4,4-DDE 0.93
4,4'-DDT 037
DIELDRIN 0.027J
GAMMA-CHLORDANE 0.026J
TRANS-NONACHLOR 0.034
MS04 S01 DO.5
ANALYTE ugkg
2,4-DDD 024
24'-DDT 0.22
4,4'-DDD 0.28J
4,4-DDE 0.58
GAMMA-CHLORDANE 0.027J

ORGANOCHLORINE PESTICIDES
DETECTED IN MARINE SEDIMENTS
AT LANDFILLS SAMPLING STATIONS

NAF MIDWAY ISLAND
Ly
FEET
0 250 500 1000 1500
| paterev, [prwi Ty, | [r Tapee. T[] F I G U R E
02/0597| 1 CMF HFP MC

4-10




A\

N

P

A\

=

MS04 S01 D05
ANALYTE ugkg
PCB-101 (2.2,35,5) 10
PCB-105 (2,3,3'4,4) 022
PCB-118 (2,3 4,4'5) 042
PCB-128 2,233 4.4) 036
PCB-138 (2,2,34,4'5) 48
PCB-153 (2,2 44'5,5) 63
PCB-170 2,2 3344 5) 38

PCB-180(2,2',3,4,4'5,5)
PCB-187 (2,2',34'5,5',6)
PCB-195(2,2',3,3,4,4',5,6)
PCB-206(2,2',3,3'/4,4,55'6)
PCB-209(2,2',3,3,4,4'5,5'6,6
PCB-44(2,2'3,5)
PCB-52(2,2'5,5)
PCB-66(2,3'4,4)

MS01 S01 D05 D01 D05
ANALYTE ug/kg wky | MS02 S01 D0.5
PCB-101(22'355) 28 214 ANALYTE ugkg
PCB-105(2,3,3 4,4) 0.028U 17 PCB-101(2,2',35,5) 58
PCB-118(2,3 4,45) 54 46 PCB-105(2,3,3'4,4) 0.88
PCB-128(22'3,3 4,4) 43 32 PCB-118 (2,3 44'5) 26
PCB-138(2,2'3,4,45) 84 64 PCB-128(2,2',3,3' 4,4') 16
PCB-153(2.24.455) 110 100 / PCB-138(2.2'34.4'5) 27
PCB-170(2,2'3,3,4,4'5) 63 48 PCB-153(2,2'4,4'5,5) 40
PCB-18(2,2'5) 0.54 0.089U PCB-170(2,2',3,3 4,4 5) 18
PCB-180(22'34,4'5,5) 120 93 PCB-180(2.2,34,45,5) 35
1PCB-187 (2,2'3.4'5,5'6) 69 60 PCB-187 (2,2',3,4'5,56) 22
PCB-195(2,2'3,3,4,4'5,6) 14 13 PCB-1952,2'33'4,4'56) 34
PCB-206(2,2,3,3 ,4,4'5,5.,6) 57 54 PCB-206 (2,2,3,3,4,45,5'6) 15
| §PCB-209(22'3,3 4,4'556,6) 0.12 0.027U PCB-209 (2,233 4,4,55'66) 0.045
| JlPcB-28 2,449 0.81 072 PCB-28(24.4) 032
PCB-44(2,2',35) 0.79 0.99 PCB-44(22'35) 046
PCB-52(2,2,55) 20 20 PCB-52(2,2'5,5) 11
1 PCB-66 (2,3',4.4) 0.97 14 PCB-66(2,3'4.4) 0.88
PCB-8 (2.4) 02 0.22
MS10 S01 DO.5
ANALYTE ugkg
PCB-101(2,2'3,5,5) 0.17
PCB-105(2,3,3,4,4) 0.019J
PCB-118(2,3 4,4 5) 0.071
PCB-128(22'3,3 4,4) 0.024
PCB-138(2.2'3,4,4'5) 04
PCB-153(2,2'4,4'5,5) 053
| | PCB-170(22,3344'5) 0.12J
PCB-180(2,2'3,4,4'5,5) 027 S02
PCB-187(2,2/,3,45,56) 021 ®
PCB-195(2,2',3,3 4,4'5,6) 0.045
PCB-206 (2,2'3,34.4'5,5 6) 0.036
| 1PCB-44(22,35) 0.046 g
PCB-52 (2,2,5,5) 0.099
MS11 501 D05 @ MsSo01
2 ANALYTE ugkg
PCB-138(2,2,3,4,4'5) 0.1
MS10 ® i
MS11 MSO08
®
@
B
MS09 ®
&
Ms12 MS12 S01 D0.5 MS09 S01 D05
® ANALYTE ugkg ANALYTE ugkg
PCB-101(2,2',3,55) 0.075 PCB-101 (2,2 35,5) 0.082
PCB-105(2,3,3 4,4) 00274 PCB-118 (2,3 ,4,4'5) 0.05J
B PCB-138(2,2'3,4,4'5) 048 PCB-138 2.2 344'5) 029
PCB-153(2,2'/4,4'5,5) 12 PCB-153 (2,2 4,4'5,5) 0.32
PCB-170(2,2,3,3 4,45) 0.38 PCB-170 2,2,3,3 4,4'5) 0.14J
PCB-180(2,2'3,4,4'5,5) 12 PCB-180 (2,2,3,4,4'5,5) 0.26
PCB-187(2,2'3,4'55'6) 0.82 PCB-187 (2,2',3,4',5,5 6) 022
PCB-195(2,2'3,3 4,4',5,6) 0.21 PCB-195 (2,2,3,3,4,4 5,6) 0.052
PCB-206(2,2'3,34,4'5,5',6) 0.16 PCB-206 (2,2',3,3,4,4,5,56) 0.027J
PCB-52 (2,2'5,5) 0.02J PCB-209 (22,334,455 6,6) 0.0073J

®
MSO03
®
MS07
MS07 S01 D05
® ANALYTE ughkg
PCB-138(2,2'3,44'5) 0.13
PCB-153 (2,2 44'55) 0.11
PCB-170 (2,233 44'5) 00474
LPCB-180 (2,2/,34,4'5.5) 0.19
PCB-187 (2,2'3.4'5,56) 0.089
PCB-195 (2,2'3,3 4,4 56) 0019J
MS08 S01 D05 MS03 S01 D05
ANALYTE ugkg ANALYTE ugkg
PCB-101 (2,2,35,5) 50 PCB-101(22'355) 16
PCB-105 (2,33 4,4) 061 PCB-105 (2,3,3'4,4) 025
PCB-118 2,3,44'5) 19 PCB-118(2.3'4,4'5) 0.96
PCB-128 (22,33 4.4) 059 PCB-128 (2233 44) 038
PCB-138 2.2/,34.4 5) 73 PCB-138(22'3.4,4'5) 46
PCB-153 (2,2,44'5,5) 12 PCB-153(2,2'4,4'5,5) 64
PCB-170 22,33 4.4 5) 34 PCB-170(22'3.3,44'5) 25
PCB-18(2,2.5) 056 PCB-180(2.23.44'5,5) 48
PCB-180 (22,34.4 55) 72 PCB-187 (22,34'5,5'6) 34
PCB-187 (2.2,34'5,5 6) 54 PCB-195(2,2'3,3,4,4'56) 054
PCB-195 (22,33 4.4,56) 072 PCB-206 (2,2'3.3,44'5,5.6) 026
PCB-206 (22,33 44 55.6) 0.36 PCB-209 (22'3,344'5,5 66) 0072
PCB-209 (2.2 33 44 55 68) 0077 PCB-28 (24.4) 0.11
PCB-28 (2,4,4) 0.96 PCB-44 (2,2,35) 0.14
PCB-44(2.2'35) 12 PCB-52 (2.2 5,5) 0.37
PCB-52(2.255) 19 PCB-66 (2,3 ,4,4) 0.14
PCB-66 (2,3 4,4) 079
PCB-8 (2,4) 042

LEGEND
MS01 @ MARINE SEDIMENT SAMPLE
LOCATION AND NUMBER
S01 D0.5 SAMPLE NUMBER
AND DEPTH IN FEET
D01 D0.5 DUPLICATE SAMPLE NUMBER

ug/kg

AND DEPTH IN FEET
28 ANALYTE CONCENTRATION
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SECTION §
CONTAMINANT FATE AND TRANSPORT

This section discusses contaminant fate and transport information for surface water,
unsaturated zone soil, ground water, seawater, marine sediment, and marine tissue.
Particular attention is given to information on contaminant persistence and the
mechanisms that control transport and attenuation. This assessment of potential routes of
migration using physical and analytical data is a key element of the exposure analysis
performed during the baseline ecological risk assessment.

5.1 CONTAMINANT PERSISTENCE

Persistence is the ability to remain unchanged in the environment and can be a function of
an analyte’s degradation half-life and its estimated ability to enter aquatic or terrestrial
food webs. Contaminant persistence can be evaluated using information on a
contaminant’s physical and chemical properties and its interactions with the environment.
Table 5-1 lists the most frequently detected compounds from the RI sampling and their
associated chemical properties. The following sections discuss the potential behavior of

SVOCs, pesticides, and PCBs in soil and water taking these properties into consideration.

Table 5-1
PHYSICAL AND CHEMICAL PROPERTIES

Molecular
: Weight Vapor Pressure (mm  Log K, Log Water Solubility
Compound (g/mol) Hg @ 20° C) Kee (mg/L)@ 25°
Fluoranthene 202.3 6.7x 107 4.78 4.58 0.240
Pyrene 202.3 34x10° 4.90 4.92 0.165
DDT 354.5 55x10° 6.19 538 0.0034
DDE 318.0 6.5x 10 7.00 6.64 0.12
DDD 3201 1.0x10° 6.20 5.98 0.16
Aroclor-1254 3264 1.8x 10" 6.03 6.00 0.30
Aroclor-1260 375.7 40x10° 6.72 6.83 0.08

Notes: Values referenced from ATSDR 1994 and Mackay et al. 1992
g/mol = grams/mole
mm Hg = millimeters of mercury
K, = octanol-water partition coefficient
K, = soil sorption coefficient
mg/L = milligrams per liter
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5.1.1 PAHs

PAHs generally exhibit a low solubility in water and low vapor pressure. Both solubility
and vapor pressure decrease with increasing molecular volume. PAHs strongly adsorb to
soil and organic particles. They degrade in air by photooxidation and surface water
through photolysis. Microbial degradation in sediment is reduced considerably by
anaerobic conditions for the lighter and less structurally complex PAHs. Persistence
increases with increasing molecular weight (MW); the half-life for naphthalene (MW =
128.18) in soils is 16 to 48 days and the half-life for benzo(g,h,i)perylene (MW = 276.34)
is 1.6 to 2 years. Half-lives for naphthalene and benzo(g,h,i)perylene in surface water are
12 hours to 20 days and 590 to 650 days, respectively (Howard et al. 1991).

5.1.2 Organochlerine Pesticides

Organochlorine pesticides are known for their persistence in the environment with half-
lives ranging from months to years. Studies of DDT persistence in soil indicate that its
half-life can range from 2 to more than 15 years (Agency for Toxic Substances and
Disease Registry (ATSDR) 1994). DDT in soil typically breaks down to form DDE
under aerobic conditions and DDD under anaerobic conditions. DDT in water may be
converted to DDE by photodegradation (ATSDR 1994). Because DDE also exhibits a
similar prolonged half-life, average levels of DDT decline rather slowly, while the ratio
of DDE to DDT increases. DDE is minimally volatile while DDD and DDT are
extremely nonvolatile. These compounds are only slightly soluble in water and undergo
extensive adsorption to soil and sediment. Half-lives of DDT and DDE in surface water
are 7 to 350 days and 1 to 6 days, respectively (Howard et al. 1991).

Some of the organochlorine pesticides can be metabolized rapidly in organisms; however,
their major metabolites are often persistent and as toxic as the parent compound. DDT
breaks down into DDE, which is toxic at lower concentrations than DDT. DDT, DDE,
and DDD are highly soluble in lipids and can bicaccumulate in the lipid fraction of
tissues as a result of abiotic exposure (incidental soil ingestion) or through ingestion of

contaminated prey.
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5.1.3 PCBs

Persistence of PCBs is dependent on the degree of chlorination of the biphenyl molecule,
with persistence increasing as the degree of chlorination increases. Because PCBs are
hydrophobic, they are sorbed to persist in soils, sediments, or attached to other organic

matter.

PCBs can be broken down through biodegradation, which can proceed under both aerobic
and anaerobic conditions. Biodegradation rates vary depending on a number of factors,
including amount of chlorination, temperature, nutrients, concentration, and microbial

population.

PCBs are lipophilic, as indicated by log K, values between 5 and 9, and thus have a high
potential to bicaccumulate in organisms and move through the food chain. PCBs also
sorb strongly to soil and sediment particles as indicated by log K, values greater than 6;
therefore, they are likely to remain associated with these media for long periods of time.
PCBs are thus more likely to be mobile through food chains than through partitioning

between abiotic media.
5.2 TRANSPORT AND PARTITIONING

SVOCs, pesticides and PCBs may be transported from one medium to another by
solubilization, advective flow, adsorption on particles and entrainment of these particles,
and bioaccumulation. These processes are discussed below for the terrestrial and marine

environments.
5.2.1 Terrestrial Environment

Potential contaminant transport media at the BWLF include soil, surface water, and
ground water. Because organochlorine pesticides and PCBs are not volatile, exhibit low
solubilities, and are strongly sorbed to soil and organic material, the primary transport
mechanism is through particle entrainment. A landfill cover consisting of approximately
2.5 to 4 feet of clean soil (native sand) placed over the land surface at the Site was
constructed in September and October 1996. This soil cover strongly influences the

potential transport pathways, as discussed below.
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5.2.1.1 Soil Transport Medium

Geotechnical parameters were measured on three soil samples collected from soil borings
at the BWLF during the 1994 SI. Pertinent parameters are: moisture content (4.8% to
8.5%), permeability (1.4}{104 to 3.9x10™ cm/sec), and total organic carbon (0.11% to
5.5%). SVOCs, DDT and its metabolites, and PCB congeners are bound strongly by
adsorption to soil particles (as indicated by a high K. value), and therefore are highly
immobile in soil. Sediment loss and particle loading caused by erosion are the major
transport routes for these compounds because of their low solubility. Because the BWLF
was covered with clean soil, as noted above, future soil transport by surface erosion is

considered insignificant.
5.2.1.2 Surface Water Transport Medium

Because of the clean soil cover on the BWLF, precipitation and any resulting storm water
flow can not come in direct contact with the underlying soils. Therefore, loss of surficial
soil contaminants due to surface water runoff or erosion is considered insignificant.
Because pesticides and PCBs are only slightly soluble in water, and due to low
concentrations of these compounds detected, leaching by infiltration is considered to

present negligible risk.
5.2.1.3 Ground-Water Transport Medinm

Pesticides and PCBs are only slightly soluble in water, are strongly bound to soil, are not
easily displaced, and do not tend to leach to ground water. Therefore, appreciable
amounts may remain in soil for extended periods of time. Because pesticides are only
slightly soluble in water and adhere to soil particles, they do not tend to leach to ground
water. PCBs have a low solubility; however, the less-chlorinated congener components
of the Aroclors will tend to leach more than their more highly chlorinated congener

components.

A treatability study was performed using DDT-contaminated soil from Midway (OHM
1996b). 4,4-DDT was detected in the soil sample at 3.63 mg/kg; 4,4'-DDE was detected
at 3.12 mg/kg in the samples; and 4,4'-DDD was not detected (<0.033 mg/kg). Following
TCLP extraction of the soil sample, analytical results indicated a concentration of 0.0004
mg/L. for 4,4'-DDT, 0.0002 mg/L for 4,4'-DDE, and 0.0004 mg/L. for 4,4'-DDD (OHM
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1996b). These analytical results indicate that DDT and its metabolites are not leachable

from soil in significant quantities under normal conditions.

A dye trace study was conducted from November 1995 through January 1996 at the
BWLF (Ogden 1996¢) during which dye was injected in monitoring wells MW02 and
MWO03. The shoreline was then monitored to detect the possible migration of the dye by
ground-water flow. No dye concentrations were detected at the shoreline and it was
presumed, based on the ground-water travel time calculated from the measured ground-
water gradient, that the dye never reached the shoreline. Hydrogeologic tidal monitoring
data were collected at this time; the average ground-water pore velocity was estimated to
be 0.04 ft/day. Based upon the estimated velocity, it would take the dye approximately
1,018 days (2.8 years) to reach the shoreline (Ogden 1996¢).

5.2.2 Marine Environment

Organochlorine pesticides and PCBs are hydrophobic; therefore, they tend to partition
into sediments and organic particulate matter, and as opposed to seawater. Pesticides
and PCBs adsorbed to sediment particles may be transported away from a source by
ocean currents. Because organochlorine pesticides and PCBs are lipophilic and
bioaccumulative they will be readily taken up by marine organisms either through direct
contact with sediments and/or seawater or through ingestion of particulate matter. PCBs
and pesticides are bioconcentrated as they pass from prey organisms to higher trophic

levels up the food chain.
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SECTION 6
POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE
REQUIREMENTS

The Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) requires that remedial actions be protective of human health and the
environment and comply with federal and state Applicable or Relevant and Appropriate
Requirements (ARARs). These ARARs are used to determine the extent of site cleanup,
to formulate remedial action alternatives, and to govern the implementation and operation
of the selected action. Risk assessment-based cleanup levels, health advisories, and other
guidelines are used as comparative criteria for screening of site analytical data. To-Be-
Considered Criteria (TBCs) are used as non-enforceable guidelines to help determine the
protection required for a removal or remedial action. Because Midway is solely governed
by federal agencies, and not by state government, only federal ARARs apply.

6.1 DEFINITION OF ARARS

“Applicable” requirements are standards and other substantive environmental protection

requirements promulgated under federal or state law that specifically address a
circumnstance at a CERCLA site, such as a hazardous substance, pollutant, contaminant,
remedial action, or location. “Applicability” implies that circumstances at the site satisfy
all jurisdictional prerequisites of a requirement.

“Relevant and appropriate” requirements are standards and other substantive
environmental protection requirements promulgated under federal or state law that
address situations sufficiently similar to a CERCLA site to be of use. “Relevance” implies
that the requirement regulates or addresses situations sufficiently similar to those found at
the CERCLA site. “Appropriateness” implies that the circumstances of the release or
threatened release are such that use of the standard is germane. A requirement may be
relevant but not appropriate for a site, in which case it is not an ARAR. TBCs are non-
promulgated advisories or guidelines that are not legally binding. Thus, TBCs do not have
the status of ARARs.
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6.2 SPECIFIC ARARS

Chemical-specific

“Chemical-specific” ARARs are health- or risk-based numerical values or methodologies.
These values establish the acceptable amount or concentration of a chemical that may be
left in or discharged to the environment. Chemical-specific federal standards identified as
potential ARARs are listed in Table 6-1 and consist of:

e The Clean Water Act (CWA)
e The Toxic Substances Control Act (TSCA)

Chemical-specific TBCs were identified for contaminants studied in the ST and were used
to identify CPECs on each site. Those used in assessing RI analytical results are presented
in Table 6-1. Site-specific and matrix-specific TBC and ARAR values (Table 6-1) were
used in the initial screening of the data. A qualitative screening evaluation was performed
by nonstatistically comparing the Clean Water Act National Ambient Water Quality
Criteria (NAWQC [USEPA 1986]) to the maximum detected concentrations in ground
water and seawater (Table 6-2). This screening evaluation indicates that total PCBs
(calculated by adding all the PCB congeners) in monitoring well MW04 exhibited a
concentration greater than the NAWQC.

Location-specific

“Location-specific” ARARs are restrictions placed on the concentrations of hazardous
substances and on the conduct of activities because of their location and its special
characteristics. These potential ARARs are selected on the basis of (1) previous data
indicating the presence of hazardous materials at a site, or (2) knowledge of the general
site vicinity and characteristics that are reasonably expected to exist. Potential location-

specific ARARSs are presented in Table 6-1 and consist of:

e CWA Section 404

e Fish and Wildlife Coordination Act

» National Wildlife Refuge System Administration Act
e MBTA

e ESA

e Marine Mammal Protection Act

e NOAA Critical Habitat Designation
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¢ Marine Protection, Research, and Sanctuaries Act
e National Historic Preservation Act

These ARARs were taken into consideration while performing the RI sampling and while

evaluating recommendations for any necessary remedial actions.

Action-specific

“Action-specific” ARARS are technology- or activity-based requirements or limitations on
actions involving the management of hazardous wastes. Potential action-specific ARARs

consist of:

¢ Resource Conservation and Recovery Act (RCRA) Hazardous Waste Management
(Subtitle C) and Solid Waste Management (Subtitle D)
e RCRA Corrective Action Management Units

Management of IDW generated by the RI must be in compliance with substantive portions
of the federal regulation as indicated in Table 6-1. The final potential action-specific
ARAR concerns long-term, on-island management of remediation wastes resulting from
removal actions. Under RCRA subparts (40 CFR 264), the Navy may designate a
Corrective Action Management Unit (CAMU) on Midway for disposal of the treated soil
resulting from the removal action. The CAMU is a waste management tool which allows
the Navy to streamline the handling and disposal of this remediation waste. Most
significantly, because of placement of wastes in the CAMU does not constitute “land
disposal,” its use neither triggers the need for rigorous pretreatment land disposal
restrictions nor constitutes creation of a unit subject to minimum technology requirements.
Within the CAMU, the Navy may include landfills, surface impoundments, and waste piles
as regulated units; however, these units must be managed and contained after closure so as
to minimize future releases to the extent practicable. This action-specific standard is
summarized in Table 6-1.
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Table 6-2
APPROPRIATE COMPARATIVE CRITERIA FOR GROUND WATER AND SEAWATER
NAF MIDWAY ISLAND

(Page 1 of 2)

Detected Compound or Parameter

Maximum
Ground-Water
Concentration

(rg/L)

Maximum
Seawater
Concentration

(ng/L)

Quality Criteria for

Acute

National Water

Seawater (ug/L)

| Chronic

Se Fattle Organic Com

1,3,5-TRICHLOROBENZENE 0.55 NA NS NS
ACENAPHTHENE 1.5 NA 970 710
ACENAPHTHYLENE 0.027 NA NS NS
ANTHRACENE 0.24 J NA NS NS
BENZO(A)ANTHRACENE 0.026 NA NS NS
BENZO(A)PYRENE 0.0054 J NA NS NS
BENZO(B)FLUORANTHENE 0.0083 J NA NS NS
BENZO(E)PYRENE 0.0056 J NA NS NS
BENZO(G,H,)PERYLENE 0.0034 J NA NS NS
BENZO(K)FLUORANTHENE 0.0037 J NA NS NS
BIPHENYL 1.0 NA NS NS
CHRYSENE 0.026 NA NS NS
CHRYSENES, C1-ALKYL-SUBSTITUTED- 0.011 NA NS NS
CHRYSENES, C2-ALKYL-SUBSTITUTED- 0.024 NA NS NS
CHRYSENES, C3-ALKYL-SUBSTITUTED- 0.013 NA NS NS
DIBENZO(A,H)ANTHRACENE 0.0015 J NA NS NS
DIBENZOTHIOPHENE 0.25 NA NS NS
DIBENZOTHIOPHENES, C1-ALKYL-SUBSTITUTED 1.0 NA NS NS
DIBENZOTHIOPHENES, C2-ALKYL-SUBSTITUTED 1.1 NA NS NS
DIBENZOTHIOPHENES, C3-ALKYL-SUBSTITUTED 0.52 NA NS NS
FLUORANTHENE 1.2 NA 40 16
FLUORANTHENES+PYRENES, C1-ALKYL-SUB 0.25 NA NS NS
FLUORANTHENES+PYRENES, C2-ALKYL-SUB 0.079 NA NS NS
FLUORANTHENES+PYRENES, C3-ALKYL-SUB 0.031 NA NS NS
FLUORENE 0.86 NA NS NS
FLUORENES, C1-ALKYL-SUBSTITUTED- 0.33 NA NS NS
FLUORENES, C2-ALKYL-SUBSTITUTED- 0.35 NA NS NS
FLUORENES, C3-ALKYL-SUBSTITUTED- 0.25 NA NS NS
INDENO(1,2,3-CD)PYRENE 0.0036 J NA NS NS
NAPHTHALENE 4.6 NA 2,350 NS
NAPHTHALENES, C1-ALKYL-SUBSTITUTED- 1.7 NA NS NS
NAPHTHALENES, C1-ALKYL-SUBSTITUTED- 0.006 J NA NS NS |
NAPHTHALENES, C2-ALKYL-SUBSTITUTED- 7.6 NA NS NS
NAPHTHALENES, C3-ALKYL-SUBSTITUTED- 3.7 NA NS NS
NAPHTHALENES, C4-ALKYL-SUBSTITUTED- 1.5 NA NS NS
PERYLENE 0.002 J NA NS NS
PHENANTHRENE 1.3 NA NS NS
PHENANTHRENES+ANTHRACENES, C1-ALKYL-SUB [0.25 NA NS NS
PHENANTHRENES+ANTHRACENES, C2-ALKYL-SUB |0.28 NA NS NS
PHENANTHRENES+ANTHRACENES, C3-ALKYL-SUB [0.14 NA NS NS
PHENANTHRENES+ANTHRACENES, C4-ALKYL-SUB |0.085 NA NS NS
PYRENE 0.76 NA NS NS




Table 6-2

APPROPRIATE COMPARATIVE CRITERIA FOR GROUND WATER AND SEAWATER

NAF MIDWAY ISLAND
(Page 2 of 2)
Maximum Maximum
Ground-Water Seawater National Water
Concentration | Concentration | Quality Criteria for
Detected Compound or Parameter (ng/L) (ng/L) Seawater (pg/L)
Acute I Chronic
ND ND 0.13 0.001
2,4-DDD 0.033 ND NS NS =
4,4-bbD 0.098 ND NS NS
4,4-DDE 0.0032 ND 14 NS
ALPHA-BHC 0.00018 J ND 0.34 NS
ALPHA-CHLORDANE 0.0011 ND 13 7.5
BETA-BHC 0.0032 ND 0.34 NS
DIELDRIN 0.002 ND 0.71 0.0018
ENDOSULFAN! 0.00073 ND 0.034 0.0067
GAMMA-BHC (LINDANE) 0.0063 0.00032 0.34 NS
HEXACHLOROBENZENE 0.00089 0.00063 NS NS
MIREX 0.00016 J ND NS 0.001
B
CB-101 (2,2',3,5,5" 0.0046 ND NS NS
PCB-118 (2,3,4,4'.5) 0.0023 ND NS NS
PCB-138 (2,2',3,4,4,5") 0.022 ND NS NS
PCB-153 (2,2',4,4'5,5) 0.0081 0.0011 NS NS
PCB-170 (2,2',3,3'4,4',5) 0.0038 ND NS NS
PCE-18 (2,2',5) 0.006 0.0014 NS NS
PCB-180 (2,2',3,4,4',5,5) 0.0027 0.00083 NS NS
PCB-187 (2,2,3,4',5,5,6) 0.00079 0.00047 J NS NS
PCB-195 (2,2',3,3',4,4',5,6) 0.00051 J ND NS NS
PCB-209 (2,2',3,3',4,4,5,5',6,6) 0.0027 0.000051 J NS NS
PCB-28 (2,4,4) 0.00032 J ND NS NS
PCB-44 (2,2',3,5" 0.0044 ND NS NS
PCB-52 (2,2',5,5) 0.0033 ND NS NS
PCB-66 (2,3,4,4) 0.012 ND NS NS
PCB-8 (2,4 0.0076 ND NS NS

Total PCBs

10.056,)

[0.008

[10

[0.03

Notes: NA = Not Analyzed
ND = Non Detected Value
NS = No Standard
Bold = Value Above Standard

(1) = Total of all detected PCB congeners from monitoring well MW04

J = Estimated Value
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SECTION 7
BASELINE ECOLOGICAL RISK ASSESSMENT (BERA)

The SERA completed during the SI (Ogden 1996b) broadly evaluated the risk to selected
terrestrial and marine receptors from site-related contaminants. On the basis of its findings
(Ogden 1996b) and subsequent discussions, the BRAC Cleanup Team (BCT) decided the
following:

e To restrict the RI to four sites: the BWLF, the marine environment near the RLF
(hereafter referred to as the Landfills), and two sites within the Inner Harbor.

» To identify two classes of contaminants as Contaminants of Potential Ecological
Concern (CPECs): PCBs and organochlorine pesticides at all sites, in addition to
SVOCs for the soil in the BWLF.

e To identify assessment endpoints (and associated measurement endpoints) relevant
to environmental management and remediation decisions for Midway Atoll.

« To restrict the target ecological receptors (and their associated exposure
pathways) to terrestrial and marine species at the BWLF Site and marine species
only at the RLF and Inner Harbor sites.

This BERA built on the SERA and the RI sampling program to both identify and reduce
uncertainty in the assessment of risks posed by site-related CPECs. This BERA

e Determined the concentrations and spatial distribution of PCB and organochlorine
pesticide CPECs within the terrestrial area of the BWLF and within the marine

environment surrounding the Landfills and in the Inner Harbor.

+ Introduced new data on CPEC concentrations in subsurface soils sampled at the
BWLF into the same exposure models used in the SI (Ogden 1996b) to re-evaluate
potential risks to special status burrowing birds (Bonin petrels).

e Introduced new data on CPEC concentrations in surface water, sediments, and
tissues of marine biota sampled at the Landfills and Inner Harbor into the same
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exposure models used in the ST (Ogden 1996b) to re-evaluate potential risks to
special status marine species (sea turtles and seals).

¢ Used new RI data to identify "hot spots,” in BWLF subsurface soils requiring
removal.

» Improved estimates of exposure and risk.

This BERA included the same components described in Section 4 of the SI Report (Ogden
1996b): Problem Formulation, Exposure Analysis, Ecological Response Analysis, and
Risk Characterization.

7.1 PROBLEM FORMULATION

Problem formulation for this BERA was based on the results and observations generated
by the SERA (Ogden 1996b). The four elements of problem formulation (contaminants,

receptors, pathways, and endpoints) can be summarized as follows:

e CPECs for both terrestrial and marine components of the BWLF, RLF, and the
Inner Harbor were PCBs and organochlorine pesticides in all media and SVQOCs in
soil media at the BWLF only. The first two of these contaminant types are very
persistent lipophilic bioaccumulators that move through food webs and can cause

toxic effects in ecological receptors at low concentrations.

e Target ecological receptors included burrowing birds, Hawaiian monk seals, and
green sea turtles. Because the SERA found that risks to ground-nesting birds and
shorebirds from exposure to surface soils were minimal, only burrowing birds,
which are potentially exposed to subsurface soils, were included in the BERA.

« Exposure routes for burrowing birds included incidental ingestion of soil and
dermal contact with soil. Inhalation exposures were not evaluated further because
the SERA estimated inhalation exposure values to be 3 to 6 orders of magnitude
lower than those from ingestion and dermal contact. Ingestion of prey was not
evaluated because the burrowing birds feed out at sea, not near shore. Monk seals
and sea turtles were evaluated for exposure through ingestion of contaminated
prey (algae, invertebrates, and fish).
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» Successful ecological assessments are based on adequate definition of assessment
endpoints and their associated measurement endpoints (Barnthouse et al. 1986;
EPA 198%ab, 1992; Norton et al. 1992; Suter 1993).

¢ Assessment endpoints are formal expressions of the actual environmental
values to be protected from risk (Suter 1993). The policy goal applicable to
Midway Atoll is protection of special status species (to include threatened and
endangered species, as well as migratory birds i.e., seabirds protected under
the MBTA) from chronic adverse impacts associated with exposure to site-
related CPECs. This goal was used as a basis for defining four assessment
endpoints specifically applicable to the Landfills and the Inner Harbor, namely:

1. Protection of burrowing bird species from reductions in abundance
and/or reproductive success caused by exposure, while nesting, to
pesticides, PCBs, and SVOCs in subsurface soils within the BWLF.,

2. Protection of green sea turtles from reductions in abundance and/or
reproductive success caused by exposure to PCBs and pesticides in the

marine environment adjacent to the Landfills and in the Inner Harbor.

3. Protection of Hawaiian monk seals from reductions in abundance
and/or reproductive success caused by exposure to PCBs and pesticides
in the marine environment adjacent to the Landfills and in the Inner
Harbor.

4. Maintenance of a benthic infaunal and reef fish community not affected
(i.e., no loss of species or assemblage alterations) by acute or chronic
exposure to PCBs and pesticides in sediment and seawater in marine

environment adjacent to the Landfills and in the Inner Harbor.

¢ Measurement endpoinis are quantitative expressions of an observed or
measured effect that must correspond to or predict assessment endpoints.
They must be readily measurable phenomena and appropriate for the exposure
pathways, temporal dynamics of exposure, and scale of the site being
evaluated. For this BERA, two measurement endpoints were defined, as
follows:
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1. Concentrations of CPECs in subsurface soil at the BWLF Site were
used in exposure models and compared to concentrations reported in
the scientific literature to be “no observed adverse effect levels”
(NOAELSs) for birds. This endpoint was not assessed directly but rather
was evaluated during risk characterization as the site-wide upper-bound
concentration measured in soil — the dose to burrowing birds ingesting
soil and dermally exposed — the bird dosage known to induce no adverse
effects — the evaluation of measurement endpoint.

2. Direct measurement of CPEC concentrations in algae, invertebrate, and
fish species that may be prey for monk seals and sea turtles locations
were used m exposure models and compared to levels reported in the
scientific literature to be NOAELS for reptiles and mammals.

7.2 EXPOSURE ANALYSIS

Assessing the potential for adverse effects in ecological receptors resulting from contact
with environmental contaminants at hazardous waste sites requires the estimation of
exposure. Exposure analysis attempts to quantify the magnitude or type of actual and/or
potential exposures of ecological receptors to site-specific CPECs. Exposure estimates
are also needed to quantitatively evaluate the relative importance of various CPEC sources
or pathways when considering clean-up levels or remediation strategies. This section
briefly explains the rationale and methods used to identify and quantify CPECs, to identify
target ecological receptors, and to determine (either by measurement or modeling)
exposure point values (as applied daily doses). Exposures were evaluated using one or

more of the following three approaches:

1. Estimation of uptake in higher trophic level receptors using exposure pathway
and food chain models. Exposure pathways and endpoints were evaluated
using models presented in the SI (Ogden 1996b), and described below.

2. Chemical analysis of tissues from algae, invertebrate, and fish species collected
onsite and from a reference site presumed to be beyond contact with any site-
related contaminants.
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3. Sediment bioassays which provide corroborating evidence about the potential

bioavailability of contaminants.

CPEC Quantification

Chemical sampling and analysis provide raw data about the presence and concentrations of

analytes in both biotic and abiotic media (soil, ground water, surface water, sediment, and
tissues) at the sites. The environmental concentration (EC) for organochlorine pesticides
and PCBs in both abiotic and biotic media were calculated for three purposes (as
llustrated in Figure 7-1):

» Identfication of hot spots at the BWLE. For terrestrial hot spots, the EC at a
given point (ECg,;) was calculated from a single datum, the maximum detected
concentration, for subsurface soils. The EC, applied only to the BWLF.

« Estimation of site-wide risks. All data points (the data set) at both terrestrial and
marine sites were used to calculate estimates of site-wide exposure concentrations.
The central tendency EC was the arithmetic mean of the log transformed data set,
and the reasonable maximum EC (EC) was the 95th percentile upper confidence
limit (UCL95) on the arithmetic mean of the logtransformed data set. EC, was
the basis for calculating site-wide exposures.

¢ Calculation of credible risk ranges. To provide additional information to risk
managers, the EC term was distributed through the use of an appropriate
probability density function (PDF) derived from site- and media-specific data. The
resulting EC value (ECq) was taken as the 95th percentile of the distribution
propagated using. a Monte Carlo software program (Crystal Ball®, Decisioneering,
Inc.).

EC values were computed for every data set with a frequency of detection greater than or
equal to five percent. Values below the detection limit were included in the calculations at
one-half the detection limit. The SQL was considered the detection limit for each analyte
in each sample.

Summary statistics of detected CPECs in each abiotic medium at the reference sites,
Landfills, and Inner Harbor are given in Tables 7-1, 7-2 through 7-4, 7-12, 7-13, and 7-21.
Summary statistics on each tissue species analyzed at each site are reported in Tables 7-5
through 7-11, 7-14 through 7-20, 7-22, 7-23 and 7-24. For sites with fewer than three
samples, the data for the samples collected are shown with no summary statistics.

7-5
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Although summarized separately, these species data were combined when calculating ECs
for each site (i.e., all fish and all invertebrate data, regardless of the species collected at the
landfill were combined as contaminant fish or invertebrate food concentrations in the
exposure calculations). Analytes that were detected in less than 5 percent of the samples
or that were considered lab contaminants (e.g., bis-2-ethylhexylphthalate) were not carried
through quantitative risk analysis. All analytes detected in ground-water, sediment,
seawater, and tissue samples were carried through the quanititative risk analysis because
they were detected in greater than 5 percent of the samples. Therefore, a column for
CPEC selection was not placed on the summary tables for those media. Summary
information for marine reference sites is shown for comparison; it was not used for

screening media.

The concentrations of pesticides and PCB congeners detected in sediment, algae,
invertebrate, and fish tissues were used for the exposure calculations. The summary
statistics on ground-water and scawater data are also shown; however, these data were
not used to estimate tissue concentrations (as was done for the SERA) because the actual
data on concentration were available for algac and fish prey species. Although 11
pesticides, 15 PCB congeners, and 41 PAHs were detected in ground water at the BWLF,
only 1 pesticide and 4 PCB congeners were detected in the seawater adjacent to the
landfill. PAHs were not sampled in seawater,

Target Receptors

Because the SERA indicated that risks from surface soils were minimal, only burrowing
birds were considered terrestrial target receptors at the BWLE. Two species of burrowing
bird occur on Sand Island, wedge-tailed shearwaters (Puffinus pacificus) and Bonin
petrels (Pterodroma hypoleuca). Because Bonin petrels stay in their burrows for longer
periods of time and are known to burrow in the BWLEF, they were used as the terrestrial
target receptor. Green sea turtles are frequently sighted in the Inner Harbor and near the
marine areas of the Landfills. Hawaiian monk scals also occur in the Inner Harbor and the
vicinity of the Landfills. Both species are protected under the ESA. They were selected
as the marine target receptors on the basis of their special status and observed utilization
of the sites.
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Measures of Effects Models

As a component of the conceptual site model, a measure of effect model (MEM) traces
CPEC transport from the primary source to subsequent sources, and from there through
the food chain to a measurement endpoint that can affect an associated assessment
endpoint. MEMs for each of the selected target ecological receptors are shown in Figures
7-2 through 7-4. All three pathway models apply to the BWLF Site, but the seal and
turtle models apply only to the Inner Harbor.

7.2.1 Exposure Estimation

The exposure models used in the SI SERA (Ogden 1996b) and described below were used
to calculate exposure doses for burrowing birds, monk seals, and green sea turtles or
exposure concentrations for benthic invertebrates. Three applied daily doses (ADD) were
calculated for burrowing birds: one based on the maximum detected concentration, EC,,
one based on the EC,, and one based on the ECy,. To identify hot spot exposures, input
to the exposure models was the single EC, value, which, when propagated through the
exposure models, produces a single estimate of exposure, ADDy,. The EC(, value was

input into models to estimate the reasonable maximum exposure, ADDg,.

To identify a range of site-wide exposures, a Monte Carlo software program (Crystal
Ball®, Decisioneering, Inc.) was used to propagate a distribution of environmental
concentrations (ECy) in various media through the exposure models, producing a
distribution of potential exposures, described by ADD. Applicable EPA guidance was
consulted during the Monte Carlo analysis (EPA 1995, 1996). An EC, derived from
measurements in algae, invertebrate, and fish tissues was used as the concentration in prey
items consumed by sea turtles and seals. All other parameters in the exposure model
remained single-point estimates. The range of risk estimates is thus entirely a function of
the variability and uncertainty in the measurement of EC. The goal of this approach was
to provide a range of eﬁposure estimates and ultimately a range of risk estimates to risk
managers, thereby making additional information available about the true probability of
risk and the uncertainty of the risk estimates.

ADDs for PCBs were normalized to a 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)

concentration (toxic equivalent quantity [TEQ]) using appropriate toxic equivalency factor
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(TEF) values. TEFs quantify the toxicity of a congener as a fraction equivalent to the
known toxicity of TCDD.

PCB congener concentration x TEF = TEQ

Toxic effects to wildlife appear to be correlated more with TEQs than with absolute PCB
concentrations. Giesy et al. (1994) proposed the use of TEQ values to determine levels of
acceptable risk toward the protection of wildlife. Safe (1990) reported TEFs for mammals
for non-, mono- and di-ortho substituted PCBs, which were derived by standardized
hepatic microsome enzyme induction assays (Table 7-25). Bosveld et al. (1995) reported
TEFs for birds for PCBs (Table 7-25). The bird TEFs were used for sea turtles; there are
currently no reported values for reptiles.

7.2.1.1 Burrowing Birds (Bonin Petrel)

Dermal Contact

Dermal exposure could be a significant exposure route for animals that are in frequent
contact with soil. The following model estimates exposure based on a terrestrial

receptor’s dermal contact with contaminated soils, using a contact volume approach:

Equation 7-1

SAy, XCD X P, X EC, xCF X p,
ADDd,, ., = W X Wy, X Oy,
bb
Equation 7-2
SA,, XCD X P, X EC, XxCF X p
ADDd,,,, = W X Wy, X O,
bb
Equation 7-3
SAy, XCDX P, X EC  XCF, X P
ADDd, 4 ~ W — Xy, X0y,
bb
Equation 7-4

SAbb =10x% VV!:%SS?

7-8



NAF Midway Island RI Report (Draft) Section No.: 7
Date: March 1996 Page: 9 of 24

where:
ADDdya

Applied daily dose to burrowing birds from dermal contact
area-wide, milligrams per kilogram per day(mg/kg-d)

ADDdwy =  Applied daily dose to burrowing birds from dermal contact at a
single point, mg/kg-d

ADDdpwey =  Distribution of applied daily doses to burrowing birds from
dermal contact, mg/kg-d

SAws =  Receptor surface area, Table 7-26

CD = Contact depth, I centimeter (cm)

P. =  FPraction of bird total surface area in contact with soil, 0.25 per
day (d™)

ECs@ =  Environmental concentration in subsurface soil site-wide, mg/kg

ECsp =  Environmental concentration in subsurface soil at a specific
point, mg/kg

EC« =  Distribution of environmental concentrations in subsurface soil
site-wide, mg/kg

CF, =  Conversion factor, 1 x 10 kg/mg

Ps = Site-specific bulk soil density, 1502.2 mg/em’ (kg/m’)

Wi =  Body weight, Table 7-26

Y = Seasonality, Table 7-26

O, = Area use factor, Table 7-26

The proportion of total surface area located on the underside of an animal (P,) has been
estimated to be 0.22 for mammals, based on a Peromyscus mouse (Maughan 1993).
Professional judgment was used to adjust this proportion upward to 0.25 for birds with

brood patches or for unfledged or downy newborns.

When a terrestrial receptor's foraging area exceeds the area of contamination, an area use
factor (®) is included to account for the effect of a receptor’s foraging area on the
frequency and duration of contact with contaminated media or prey onsite (DeSesso and
Price 1990). This factor is defined as the ratio of the contaminated area to foraging area
for a given receptor species, so that 1 = ® > 0. An animal whose total home area or
foraging range area is equal to or smaller than the contaminated area will have a unitless

default area use factor of 1.0. Conservative assumptions were made about the amount of
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time a target receptor would use or forage on a particular site. Values for each target
receptor are given in Table 7-26.

Because these target receptors are migratory, and thus not continuously present or active
throughout the year at a site, a seasonality factor (V) is used to account for the effects of
migration. This factor is defined as the fraction of the number of days per year a receptor
spends at, or active on, the contaminated area. Year-round, non-hibernating, non-seasonal
species will have a unitless default seasonality factor of 1.0 (= 365 days/year). Values for
each target receptor are given in Table 7-26.

Incidental Ingestion

Ingestion of contaminants is probably the most commonly exploited exposure route, in
terms of both frequency and magnitude. For receptors above the primary producer
trophic level, ingestion can include both primary exposure, where contaminated water,
sediments, or soil are consumed, and secondary exposure, where contaminated forage or
prey is consumed, so that:

Equation 7-5

. Ecss(a) Xbe XRbb
ADDiy, ) = W XYWy, X0y,
bb
Equation 7-6
. EC ., XF,, XR,,
ADDi,, = W x¥,, X0,
bb
Equation 7-7
. ECs:(d) X be x Rbb
ADDiy, ) ~ W x¥,, XO,,
bb
Equation 7-8
R,, = 00582 x W, ™
where:
ADDipwe = Applied daily dose to burrowing birds from incidental soil

ingestion area-wide, mg/kg-d
ADDiwg = Applied daily dose to bwrowing birds from incidental soil
ingestion at a single point, mg/kg-d
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ADDiyg =  Distribution of applied daily dose to burrowing birds from
incidental soil ingestion, mg/kg-d
R = Food intake rate, Table 7-26
Fw = Fraction of soil in diet, Table 7-26

Total applied daily dose

Equation 7-9
ADD,, ., = ADDd,, , + ADDi,, .,

Equation 7-10
ADD,,.,, = ADDd,, . + ADDi,,

Equation 7-11
ADD,, 4, ~ ADDd,,,, + ADDi,,

where:
ADDypa =  Exposure point value for the burrowing bird area-wide,
mg/kg-d
ADDyy =  Exposure point value for the burrowing bird at a single point,
mg/kg-d
ADDypiay = Distribution of exposure point values for the burrowing bird,
mg/kg-d

EC and ADD values for burrowing birds for each of the three different exposure
calculations are summarized in Table 7-27. The 95th percentile of the distributions for the
ECu4 and ADDy are reported.

7.2.2.2 Benthic Invertebrates

Equation 7-12

EPVinv(a) = Epr(a)
Equation 7-13
EPV sy = EC 0
Equation 7-14
EC oy = EC iiay | (foe X Koc)

Equation 7-15
Ecpw(d) = ECsed(d) /(ﬂCXK"C)
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where:
EPVinv(a)

EPVinv(d)

ECPW(a)
ECPW@)

ECscd(a)
EC sed(d)

foc
Ko

Exposure Point Value for benthic invertebrates, area-wide,
mg/L

Distribution of exposure point values for the benthic
invertebrates, mg/L '
Environmental concentration in pore water area-wide, mg/L
Distribution of environmental concentrations in pore water,
mg/L

Environmental concentration in sediment area-wide, mg/L
Distribution of environmental concentrations in sediment at a
specific point, mg/kg

Soil fractional organic carbon content onsite, unitless

soil-water partition coefficient normalized for organic carbon,
L/kg

EC and EPV values for sediment and benthic invertebrates for each of the two different

exposure calculations are summarized in Table 7-28. The 95th percentile of the

distributions for the ECy, and EPV y, are reported.

7.2.2.3 Green Sea Turtles

Ingestion
Equation 7-16

Equation 7-17

Equation 7-18

where:
ADDy,

[(Cyiy X Fyy XR,,
st(a) L lPsxX@)st

|_ XF, XR,
st(d) L n(d) JX\I’S,XGSZ

= (0019 x W,/ ) x CF,

Applied daily dose to green sea turtles from consumption of
algae and sea grasses, mg/kg-d

7-12



NAF Midway Island RI Report (Draft) Section No.: 7

Date: March 1996 Page: 13 of 24

ADDgyq = Distribution of applied daily doses to green sea turtles from
consumption of algae and sea grasses, mg/kg-d

Wy =  Body weight, Table 7-26

Wy = Seasonality, Table 7-26

O = Area use factor, Table 7-26

Ry =  Food intake rate, Table 7-26

Fq =  Fraction of algae and sea grass in diet, Table 7-26

Caa =  Contaminant concentration in food item in diet of sea turtle
(EC, for algae), mg/kg

Caa = Daistribution of contaminant concentration in food item in diet of

sea turtle (EC, for algae), mg/kg
CF; - Conversion factor, 1 x 107 kg/g

Because of their limited mobility, abundance in many aquatic systems, and potential to
sorb organic substances, aquatic macrophytes provide a route for contaminants to enter
the food chain (Gobas et al. 1991). Actual algae tissue concentrations were used in
Equations 7-16 and 7-17 to calculate a dose to turtles foraging across the entire Site.
While turtles may not forage on the particular algal species collected, these algae tissues
serve as surrogate species for algal uptake for this analysis. The ingestion pathway is the
major exposure pathway for sea turtles; dermal exposure was judged to be an insignificant

pathway.

ECs and ADDs for sea turtles for each of the two exposure calculations for the Landfills
and Inner Harbor sites are summarized in Tables 7-29 and 7-30, respectively. The 95th
percentile of the distributions for the EC(g; and ADDy are reported. All of the algae data

for both species were combined to calculate the exposure to turtles at the Landfills.

7.2.2.4 Hawatian Monk Seals

Ingestion
Equation 7-19
ADD,,., :{{(Cim X E) - (‘f/ffa) X Fy } xR, }}x‘}’m <0,
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Equation 7-20

, H(Ci(d)XE)""(Cf(d)XFf)XRm}—I
ADD__ ,, ~ bl D C
L . J
Equation 7-21
R =0.0687 x W'
where:

ADDys = Applied daily dose for monk seals from consumption of fish and
invertebrates, mg/kg-d

EPV.sa) = Distribution of applied daily doses for monk seals from
consumption of fish and invertebrates, mg/kg-d

Wi =  Body weight, Table 7-26

Yo = Seasonality, Table 7-26

O = Area use factor, Table 7-26

Rius =  Food intake rate, Table 7-26

Ceay =  Contaminant concenfration in fish food item in diet of monk
seal (EC, for fish species), mg/kg

Ciw = Contaminant concentration in invertebrate food item in diet of
monk seal (ECy, for invertebrate species), mg/kg

Cray = Distribution of contaminant concentration in fish food item in
diet of monk seal (EC, for fish species), mg/kg

Ciw) = Distribution of contaminant concentration in invertebrate food
itemn in diet of mork seal (EC, for invertebrate species), mg/kg

F; = Fraction of fish food item in diet of monk seal, 0.5 unitless

F = FPraction of invertebrate food item in diet of monk seal, 0.5

unitless

Measured concentrations of invertebrate and fish tissues were used in the equation to

calculate a dose to seals. The ingestion pathway is the major exposure pathway for seals;

dermal exposure was judged to be an insignificant pathway.

ECs and ADDs for monk scals for each of the two exposure calculations for the Landfills

and Inner Harbor sites are summarized in Tables 7-31 and 7-32, respectively. ECs for

both invertebrates and fish potentially consumed by seals are reported. All of the data pm

invertebrate and fish species were combined to calculate seal exposure at the Landfills.
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The 95th percentile of the distributions for the ECtiss , ECeayiav, and ADDyy are reported
in Tables 7-31 and 7-32.

Landfills

Using data on measured concentrations in tissue in the exposure models better estimates
the potential risk to receptors foraging onsite, because tissue data indicate which
contaminants are bioavailable and bioaccumulative. The tissue data collected at the
Landfills indicate both the magnitude of the contaminant concentrations as well as their
spatial distribution. The highest concentrations of contaminants in tissue were found in
Grids 01 and 02 adjacent to the northeast corner of the BWLE. However, different
species tended to accumulate different contaminants to different levels. Concentrations of
contaminants in algal tissue varied widely throughout the Site and did not follow the same
trend as the fish data. Contaminant concentrations in herbivorous fish tissue were
generally higher than those in carnivorous fish, possibly because of the site specificity of
the damselfish versus the more mobile goatfish. In general, the brown algae, Dictyora sp.,
contained higher concentrations of contaminants than the green algae, Halimeda sp., while
octopus and sea cucumbers contained higher concentrations than sea urchins. Although
the seal may prefer octopus over the sea cucumber and sea urchin as prey, the octopus is a
short-lived creatrue and is not abundant onsite. Sea urchins, which were found
throughout the Site and atoll, thus better represent the spatial distribution of contaminants

in invertebrates.

Inner Harbor

The spatial distribution of contaminant concentrations in tissue samples from the Inner
Harbor varied more widely than did concentrations from tissues samples at the Landfills
Site. No single hot spot existed for all species collected. Indeed, when taken as a whole,
the tissue concentrations of contaminants in all the tissue types sampled indicate that PCBs
and pesticides are biologically widely available, but the degree of uptake depends on a
number of factors, including the exposure route, feeding behavior and preferences, and
receptor lipid fraction.

7.3 ECOLOGICAL EFFECTS ANALYSIS

This section describes (1) the methods used to obtain data on chronic toxicological effects

resulting from exposure to CPECs and (2) methods for deriving acceptable toxicity
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reference values (TRVs) from this data. A TRV is the concentration or dose below which
no chronic effects, particularly with respect to reproductive endpoints, are expected for
terrestrial and marine target receptor species. TRVs for PCB congeners were normalized
to TCDD TEQs using appropriate congener-specific TEF values. Therefore, the TRV for
TCDD was used for comparison to the ADDs. TRVs for pesticides and SVOCs were
identified from a review of the current literature. TRV for birds are listed in Table 7-33,
and those for marine species are listed in Table 7-34. TRV derivations and toxicity
profiles for each type of receptor and each type of CPEC are discussed in detail in the
toxicity profiles in Appendix H.

One direct measure of effect performed at the Landfills Site was a sediment bioassay
analyses at Grid 1 to determine what effect contaminants may have on benthic
invertebrates onsite (Appendix G). Similar bioassays completed on sediment samples
collected during the SI found significantly (P<0.05) lower mean percent survivorship and
normality at the northeast corner of the BWLF. However, bioassay results from the one
sample and duplicates collected at Grid 1 during this RI showed 100 percent survival and
no significant differences in percent normality between the Site samples and the control
(Table 7-35). The sediment elutriate from the bioassay was analyzed to identify the
potential source of the toxicity results (Table 7-36). Thirteen metals, three SVOCs, three
pesticides, and seven PCBs were detected in the elutriate samples. Concentrations of the
organic chemicals were very low, and metals concentrations were within normal ranges for
seawater. The lack of observed toxicity strongly suggests that contaminant levels in the

elutriate are below the threshold for adverse effects for echinoderms.
7.4 RISK CHARACTERIZATION

Risk characterization is the process of applying numerical methods and professional
judgment to determine whether adverse effects are occurring or are likely to occur in
target receptors linked to assessment endpoints as a result of site-related CPECs. Risk
characterization asks the following questions: (a) Are ecological receptors currently
exposed to site-related stressors at levels capable of causing harm, or is future exposure
likely? (b) If adverse ecological effects are observed or predicted, what are the types,
extent, and severity of effects? and (c) What are the principal uncertainties associated with
the risk characterization? Risk characterization involves two components: estimation and

description.
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Risk Estimation
For this BERA, risk estimation used a quotient methodology (Bamnthouse et al. 1986) to

identify potential hot spots and to provide both deterministic and probabilistic estimates of site-
wide risks. For each of these purposes, species-specific ADD values were divided by
appropriate TRV to calculate toxicity quotients (TQs), so that:

Equation 7-22 (hot spot identification)

7O, = A;)RD;(P)
i
Equation 7-23 (deterministic estimate of site-wide risk)
ADD; )
70y, = TRV,
Equation 7-24 (estimate of site-wide risk range)
ADD; 4
704 ~ TR1;.,
i
where:
TQip = Hot spot toxicity quotient for the ith CPEC for the jth target
receptor, unitless
TQijw =  Reasonable maximum exposure toxicity quotient for the ith CPEC
for the jth target receptor, unitless
TQijw = Distribution of toxicity quotients for the ith CPEC for the jth target
receptor, unitless
ADDyj = Hot spot applied daily dose for the ith CPEC for the jth target
receptor
ADDjj, = Site-wide maximum applied daily dose for the ith CPEC for the jth
target receptor
ADDy;) =  Distribution of applied daily doses for the ith CPEC for the jth
target receptor
TRVj = Toxicity referenée value for the ith CPEC for the jth target
receptor

For benthic invertebrates, EPV replaces ADD in equations 7-22 through 7-24. Such TQ
values are used only as one indicator (but not a direct measure) of potential risk from a CPEC.,
A TQ is not an actual measure of risk, but simply a convenient method for indicating

excedence of an acceptable (i.e., TRV) level. A distribution of TQ values only indicates
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the probability of exceeding the TRV. The risk of adverse effects is presumed to be
directly proportional to the degree of excedence, as follows (after Davis 1994):

¢ TQ values less than 1 suggest that the potential for an adverse ecotoxicological
effect is negligible.

» TQ values equal to or greater than 1 but less than 10 suggest that the potential for
an adverse ecotoxicological effect is low ro moderate.

+ TQ values equal to or greater than 10 but less than or equal to 100 suggest that the
potential for an adverse ecotoxicological effect is moderate to high.

« TQ wvalues greater than 100 suggest that the potential for an adverse
ecotoxicological effect is extremely high.

For development of a credible risk range (TQjq), it was assumed that TRVj; is constant and
certain. With this assumption, risk was described as (after Barnthouse et al. 1986)

Equation 7-25
Risk = prob|EPV >TRV|= prob{TQ,-,-(d> > 1|

Site-wide risk was considered probable if the value of TQy for burrowing birds, turtles, or
seals exceeded 1 at the 95th percentile or exceeded 1 at the 80th percentile for fish and reef
communities. The 95th percentile was used for protection of special status species and is based
on the UCL, while the 80th percentile was an acceptable level of risk at a community level.
The calculation of the probability that an EPV will exceed the TRV (rather than simply
computing & ratio as in the quotient method) is what makes the approach taken in Eq. 7-25 a
true risk assessment method.

These approaches best assess the potential for risk to individuals. However, because the target
receptors of interest are protected as individuals, this was an appropriate 'stratcgy for this
BERA. Assessment of potential risk to a population is complicated by a number of factors not
included in this calculation, but which were dealt with in a qualitative discussion as part of the
risk description.

7-18



NAF Midway Island RI Report (Draft) Section No.: 7
Date: March 1996 Page: 19 of 24

Risk Description
Risk description involves summarizing and interpreting the ecological significance of any

observed or predicted effects and the degree of risk they could pose to ecological
receptors. . Interpretation of ecological significance takes into account such factors as the
nature and magnitude of effects, the spatial and temporal distribution of effects, and the
potential for site recovery.

Because no single line of evidence can adequately define risks to complex ecological
systems, risk description combines the quantified risk estimate with a formal “weight-of-
evidence” approach to present a broader picture of the degree of risk associated with each
assessment endpoint (Menzie et al. 1996). Some of the lines of evidence made available by
the BERA for this weight-of-evidence analysis of sites on Midway Atoll were as follows:
¢« Detection of contaminant concentrations in soil, sediment, surface water, and
ground water |
» Presence of environmental transport mechanisms
»  Observations of adverse effects in potentially exposed habitats compared with
reference sites, including mortality and morbidity, vegetation stress, habitat
degradation, presence or absence of key species
» Presence of endangered species or sensitive habitat
» CPEC concentrations in water, soil, surface water, sediment, or tissues that
exceed doses observed to cause chronic or acute toxicity in other areas,
species, or media
» Tissue and/or bioaccumulation analyses provide strong evidence of CPEC
availability in animals

A qualitative discussion of risks was presented for the Landfills and the Inner Harbor, and
included a discussion of toxicological and ecological factors beyond those embodied in the
TQ. Risk were described for each CPEC-pathway-receptor combination, i.e., each
measurement endpoint.

7.4.1 Landfills

Terrestrial
Twenty-two SVOCs, 13 pesticides, and 3 Aroclor mixtures were detected in the 40 trench
soil samples collected. However, only 15 SVOCs, 10 pesticides, and 2 Aroclors were
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carried through the exposure analysis to risk characterization, because the other
compounds either were detected in less than 5 percent of the samples or were considered

laboratory contaminants.

TQ values for all CPECs were less than one (Table 7-37), indicating that the area-wide
risk to burrowing birds is negligible. In addition, the site-wide probabilistic risk (TQqqy) for
these CPECs were all less than 1 at the 95th percent level, indicating a site-wide negligible
risk to birds (Table 7-37). The TQg values, based on the maximum detected
concentration onsite, for benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene,
chrysene, phenanthrene, 4,4’-DDE, endrin aldehyde, and 2,3,7,8 TCDD (TEQ for PCBs)
fall between 1 and 10, indicating a low to moderate risk to burrowing birds at those hot
spots (Table 7-37). These maximum concentrations occurred in different locations at
depths from2.5t0 5 feet bgs.

The assessment endpoint for no adverse affects to burrowing birds onsite is expected to be
met except potentially in certain hot spot locations. The extensive subsurface
investigation of the landfill, which revealed only metal debris, burned wood, and no

evidence of leaky drums, supports this finding of negligible risk.

Marine

Sediment CPEC concentrations were used to estimate the potential risk to benthic
invertebrates exposed to those sediments. Pore water concentrations, estimated from
sediment concentrations assuming equilibrium partitioning conditions, were compared to
ambient water quality criteria protective of aquatic invertebrates. TQy values for 2,4’-
DDD, 4,4’-DDD, 4,4’-DDE, dieldrin, and TCDD/TEQ were greater than 1 but less than
3.5, indicating a low to moderate risk to benthic invertebrates (Table 7-38). However, the
TQ at the 95 percentile was much less than 1 for all of the analytes (Table 7-38). This
probabilistic risk agrees with the negative (no toxicity) sediment bioassay results
performed on the sediment sample containing the highest concentration. Dieldrin was
detected in no invertebrate or tissue samples collected onsite. It is likely that the low level
of risk estimated for the benthic invertebrates may be due to the use of Ambient Water
Quality Criteria (AWQC) as TRVs. Many AWQC values are based on sensitive
freshwater species and would tend to overestimate risks to marine species. Therefore, the
risk to benthic species is expected to be minimal.
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Twenty-two organochlorine pesticides and several PCB congeners were detected in the
algae samples collected throughout the Landfills Site. These algal concentrations were
used to estimate exposure and then potential risk to green sea turtles that feed on algae
onsite. The site-wide TQ for sea turtles were all less than 0.01 and consequently all
TQ were also less than 0.01 at the 95 percent level (Table 7-39).

Toxicity quotients for 17 pesticides and TCDD/TEQ were calculated for monk seals.
Although a few of the fish PCB concentrations collected on the northeast side of the
BWLEF were elevated, the area-wide risk to seals (TQ) was only 1.62 (Table 7-40).
This indicates a very low potential for an adverse effect on monk seals. Moreover, the
site-wide probablistic risk (TQu) for TCDD at the 95 percent level was only 0.05,
indicating a negligible risk to monk seals (Table 7-40).

Monk seals often haul out on the sandy beach on the west side of the BWLF. Although
fish, invertebrates, and algal tissues contained detectable concentrations of many of the
pesticides and PCBs, no visible adverse effects to marine species were observed during
surveys of the Landfills Site. Species collected for tissue analysis showed no visible
deformities. Pesticide and PCB concentrations were generally very low or not detectable
in seawater samples, low in sediment samples, and highest in the tissue samples. There
was also a marked spatial difference in contaminant concentrations with the highest
concentrations in all media in the samples collected from the northeast corner of the
BWLF (Grids 01 and 02) and decreasing away from this area (see Section 4). Despite
elevated concentrations of contaminants in Grids 01 and 02, more marine species and
individuals occur on the east side of the landfill than in other areas sampled. This is most
likely due to the habitat created by metal debris and rip rap.

The assessment endpoints for maintenance of the benthic invertebrate and reef fish
community and those for no adverse effects to monk seals and green sea turtles, are both
expected to be met. The TQ calculations and the lack of any visible indications of adverse
effects to the community combine to place the weight-of-evidence behind a finding of
negligible risk,
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7.4.2 Inner Harbor

Some low to moderate risk was indicated in a few of the Inner Harbor Sites examined
during the SI. Therefore, sampling of seawater, algae, invertebrate, and herbivorous fish
tissue within a grid was recommended to get a better understanding of the potential risk to
monk seals and turtles potentially foraging in the Inner Harbor.

On the basis of the RI sampling, all of the TQ, and TQ) values for sea turtles exposed to
contaminants in algae in the Inner Harbor were less than 1, indicating a negligible risk
(Table 7-41). The only TQq value greater than 1 was for TCDD, the value of 1.03
indicating a very low potential risk (Table 7-42). In addition, the risk probability at the 95
percent level was only 0.03, indicating a negligible risk to seals (Table 7-42).

Cther lines of evidence also point to a negligible risk to receptors in the harbor. No visible
effects of contaminants on fish, invertebrates, seals, or turtles were noted during surveys
or sampling. Although species assemblages are not as dense or diverse as in some areas of
the atoll, this is most likely attributable not to contamination, but to the depth of the
harbor, the dredging of the harbor, and the lack of structure in the harbor.

The assessment endpoint for no adverse effects to special status marine species in the
Inner Harbor is expected to be met. The TQs indicate a negligible risk to seals and sea

turtles, and the other lines of evidence supports those results.
7.5 UNCERTAINTY ANALYSIS

The use of Monte Carlo techniques allows for a quantitative assessment of some of the
uncertainty (here both stochastic variability and knowledge uncertainty) inherent in
estimating the risk of impacts to terrestrial and marine wildlife that may result from
exposures to contaminants. The parameter values summarized in Table 7-26 bring varying
degrees of uncertainty into the models that form the basis of the exposure analyses in this
BERA. In addition to the uncertainty captured in the quantitative exposure model, the
principal common sources of uncertainty described below should also be considered when

evaluating these conclusions and when formulating risk management decisions for any site:

Stressor Selection and Quantification. Uncertainty is introduced in the selection and
quantification (i.e., estimation of environmental concentrations) of CPECs due to data set
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combination, quality and limitations of background data, and the impact of nondetects and
sample quantitation limits. Uncertainty is also introduced by the possibility that detection
limits were not adequate to register CPEC concentrations capable of inducing long-term
chronic adverse effects in ecological receptors. This could lead to an underestimate of risk

to the most sensitive receptors.

Target Receptor Selection. Knowledge of the potential suite of ecological receptors at

Midway Atoll is relatively complete for the larger fauna; however, smaller, less obvious,
or rarer species could be under-represented in both the terrestrial amd marine species
inventories. Target species selected for inclusion in the food web model, as well as the
structure of the food web itself, are also sources of uncertainty in that they do not

necessarily completely represent ecological relationships on and near the refuge.

Exposure Estimation. Relatively little uncertainty arises from the qualitative selection of

exposure pathways, but considerable uncertainty arises from quantitative estimation of
contaminant intakes. Factors that might reduce exposure values, such as bioavailability
from soil, sediment, or surface water; degradation rates in soil or surface water; metabolic
transformation in vegetation or invertebrates; receptor avoidance of contaminated soils,
sediments, or surface water; dilution over distance; or frequency of receptor exposure to

contaminated media were not fully factored into this analysis.

Response Estimation. The applicability of literature-derived data depends upon the types
of results presented and the methods used to arrive at them. Test endpoints produced by
laboratory and field tests may be reported as formally defined toxicological endpoints or as
less stringently defined nieasures of mortality or sublethal effect; variations in format
introduce a source of error when subsumed into a single TRV. Thus seemingly equivalent
TRVs may be significantly different owing to differences in test protocols, test conditions,
or responses of individual organisms (Lewis et al. 1990). Uncertainty factors were used to
derive TRVs for birds and reptiles from mammal data as described in Appendix H. In
addition, the focus of this assessment, i.e., specific contaminants such as PCBs or
pesticides, may not be the only source of stress to receptors at or near the sites
investigated. Mechanical disturbance and destruction of habitat, close proximity of human
activities, and atmospheric deposition of non site-specific contaminants (particularly
PAHs) may all contribute to the stresses endured by ecological receptors at and near the
Site.

7-23



NAF Midway Island RI Report (Draft) Section No.: 7
Date: March 1996 Page: 24 of 24

Risk Characterization. The quotient method compares two point estimates, one for
exposure and one for effect, to determine their relative position. Each of these single
points actually represents a population with a unique set of statistical characteristics,
characteristics which strongly influence the assessment of actual risk and the quantification
of uncertainty. Risk uncertainty also arises when the uncertainty of the exposure
assessment is combined with the uncertainty of the effects assessment. These uncertainties
are compensated for to some extent by employing additional risk characterization
techniques that utilize credible ranges of exposure and effects data and give some insight

into these uncertainties.
7.6 CONCLUSIONS

The assessment endpoint of “less than 5 percent probability of an adverse effect to
burrowing birds” is expected to be met because the site-wide risk of an adverse effect to
burrowing birds is negligible. There is a low to moderate risk of an adverse effect to
burrowing birds nesting in the locations with the maximum concentrations of some of the
CPECs.

Landfills

The concentrations of chemical contaminants in the tissues indicate that the chemicals are
bioavailable and are being taken up by the organisms. However, the concentrations over
most of the Site are still low enough not to present a risk to the target receptors, green sea
turtles and monk seals. Therefore, the assessment endpoints for special status marine
species and the benthic invertebrate and reef fish communities are expected to be met.

Inner Harbor

Low-level contamination in the Inner Harbor presents a negligible risk to monk seal and
green sea turtle receptors foraging within the harbor. Although PCBs and pesticides were
identified in tissue samples, concentrations did not pose a risk to seals or turtles, even

though conservative exposure models were used.
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Table 7-2

SUMMARY STATISTICS FOR CPECs IN GROUND WATER

AT THE BULKY WASTE LANDFILL

Analyte

Frequency

of Detection

Minimum
Detection
mg/L

Maximum
Detection

mg/L mg/L mg/L

Mean

Standard
Deviation

4.4'-DDD

3.70E-06

9.80E-05

4.28E-06

4 4'-DDE 60% 1.80E-06 | 3.20E-06 | 7.40B-07 1.01E-05
alpha-BHC 20% 1.80E-07 | 1.80E-07 | 2.08E-07 3.20E-07
beta-BHC 20% 3.20E-06 | 3.20E-06 | 2.65E-07 2.43E-06
gamma-BHC (Lindane) 40% 1.70E-06 | 6.30E-06 | 5.47E-07 8.00E-06
alpha-Chlordane 60% 1.90E-07 | 1.10E-06 | 3.56E-07 1.19E-06
Dieldrin 60% 7.00E-07 | 2.00E-06 | 5.59E-07 3,11E-06
Endosuifan I 40% 3.70E-07 | 7.30E-07 | 4.00E-07 7.68E-07
Hexachlorobenzene 1.70E-07 2.68E-07 R.21E-07

i 2.08E-07

.70E- 60E- .16E-06 5.87 1.84E-05

PCB-18 40% 5.40E-06 | 6.00E-06 | 9.20E-07 5.38 1.28E-05
PCB-28 40% 2.70E-07 { 3.20E-07 | 4.35E-07 1.55 8.66E-07
PCB-44 40% 9.00E-07 | 440E-06 | 4.73E-07 4.26 4.56E-06
PCB-52 40% 2.20E-06 | 3.30E-06 | 5.86E-07 4.15 5.42E-06
PCB-66 60% 840E-07 | 1.20E-05 | 8.75E-07 6.83 1.76E-05
PCB-101 60% 1.60E-06 | 4.60E-06 | 8.66E-07 447 9.00E-06
PCB-118 40% 5.30E-07 | 230E-06 | 3.99E-07 2.98 2.20E-06
PCB-138 100% 1.60E-06 | 2.20E-05 | 3.10E-06 3.02 1.75E-05
PCB-153 100% 7.10E-07 | 8.10E-06 | 1.78E-06 2.69 8.33E-06
PCB-170 60% 2.90E-07 | 3.80E-06 | 1.15E-06 2.80 5.74E-06
PCB-180 100% 4.80E-07 | 2.70E-06 | 9.48E-07 1.97 2.74E-06
PCB-187 40% 6.50E-07 | 7.90E-07 | 449E-07 1.65 9.81E-07
PCB-195 40% 2.30E-07 | 5.10E-Q7 | 3.35E-07 1.46 6.07E-07
20% 2.70E-06 | 2.70E-06 | 4.53E-07 2.28E-06

PCB-209

.-1 ,.3,5-Trichlorobenzene

60% 1.00E-05 | 5.50E-04 | 1.83E-05 7.16 3.97E-04
Acenaphthene 100% 3.60E-05 | 1.50E-03 | 3.68E-04 4.36 3.68E-03
Acenaphthylene 40% 5.20E-06 | 2.70E-05 | 6.90E-06 2,24 243E-05
Anthracene 100% 6.70E-06 | 2.40E-04 | 741E-05 4.48 7.72E-04
Benzo(a)Anthracene 80% 1.10E-05 | 2.60E-05 | 1.64E-05 1.47 2.99E-03
Benzo(a)Pyrene 80% 2.00E-06 | 540E-06 | 4.09E-06 2.02 1.23E-05
Benzo(b)Fluoranthene 100% 1.60E-06 | 8.30E-06 | 4.21E-06 1.86 1.11E-03
Benzo(e)Pyrene 80% 240E-06 | 5.60E-06 | 4.98E-06 1.86 1.31E-05
Benzo(g,h,i)Perylene 60% 1.20E-06 | 3.40E-06 | 3.79E-06 2.90 2.00E-05
Benzo(k)Fluoranthene 100% 1.50E-06 | 3.70E-06 | 2.27E-06 1.42 3.90E-06
Biphenyl 80% 1.50E-05 | 1.00E-03 | 5.74E-05 8.43 1.61E-03
Chrysene 100% 2.70E-06 | 2.60E-05 | 1.20E-05 243 4.82E-05
Chrysenes, c1-alky 80% 3.20E-06 | 1.10E-05 | 5.77E-06 1.58 1.18E-05
Chrysenes, c2-alky 40% 1.50E-05 | 2.40E-05 | 7.23E-06 2.54 3.09E-05
Chrysenes, ¢3-alky 20% 1.30E-05 | 1.30E-05 | 4.63E-06 1.89 1.25E-05




Table 7-2

SUMMARY STATISTICS FOR CPECs IN GROUND WATER
AT THE BULKY WASTE LANDFILL

Minimum | Maximum Standard
Analyte TFrequency | Detection | Detection Mean Deviation EC,
of Datection] mg/L mg/L mg/L mg/L mg/L
Dibenzo(a,h)Anthracene 60% 7.50E-07 § 1.50E-06 | 2.54E-06 3.79 2.04E-05
Dibenzothiophene 100% 1.10E-05 | 2.50E-04 | 9.44E-05 3.47 6.60E-04
Dibenzothiophenes, cl-alky 100% 1.L10E-05 | 1.00E-03 | 8.07E-05 5.28 1.09E-03
Dibenzothiophenes, c2-alky|  100% 1.90E-05 | 1.10E-03 | 7.84E-05 3.40 1.10E-03
Dibenzothiophenes, c3-alky|  100% 9.60E-06 | 5.20E-04 | 4.56E-05 5.27 6.14E-04
Fluoranth+Pyr, Cl-alky 100% 1.50E-05 [ 2.50E-04 | 7.50E-05 2.81 3.76E-04
Fluoranth+Pyr, C2-alky 80% 1.60E-05 [ 7.90E-05 | 2.33E-05 3.03 1.32E-04
Fluoranth+Pyr, C3-alky 60% 1.10E-05 [ 3.10E-05 | 9.36E-06 2.87 4.88E-05
Fluoranthene 100% 4.30E-05 | 1.20E-03 | 2.18E-04 3.75 1.72E-03
Fluorene 100% 3.80E-06 | B.60E-04 | 8.72E-05 8.20 2.34E-03
Fluorenes, ¢ 1-alky 100% 1.20E-05 | 3.30E-04 | 7.92E-05 338 5.31E-04
Fluorenes, c2-alky 100% 1.70E-05 | 3.50E-04 | 6.02E-05 3.15 3.62E-04
Fluorenes, c3-alky 40% 7.50E-05 | 2.50E-04 | 1.58E-05 7.79 3.90E-04
Indeno(1,2,3-cd)Pyrene 60% 1.30E-06 | 3.60E-06 | 3.68E-06 245 1.49E-05
Naphthalene 100% 1.60E-05 | 4.60E-03 | 4.11E-04 7.88 1.04E-02
Naphthalenes, c1-alky 100% 6.00E-06 | 1.70E-03 | 2.29E-04 947 7.68E-03
Naphthalenes, c2-alky 100% 1.10E-05 | 7.60E-03 | 5.33E-04 12.18 2.65E-02
Naphthalenes, c3-alky 100% 2.00E-05 | 3.70E-03 | 3.45E-04 7.62 8.25E-03
Naphthalenes, c4-alky 100% 1.90E-05 | 1.50E-03 | 1.41E-04 5.65 2.12E-03
Perylene 80% 9.90E-07 | 2.00E-06 | 1.92E-06 2.90 1.01E-05
Phenanth+Anthra), Cl-alky]  100% 7.50E-06 | 2.50E-04 [ 7.98E-05 4.25 7.66E-04
Phenanth+Anthra, C2-alky 100% 1.60E-05 | 2.80E-04 | 5.83E-05 279 2.90E-04
Phenanth+Anthra, C3-alky 100% 1.20E-05 | 1.40E-04 [ 3.03E-05 2.83 1.54E-04
Phenanth+Anthra, C4-alky 40% 3.80E-05 | 8.50E-05 | 7.85E-06 6.34 1.41E-04
Phenanthrene 100% 8.10E-06 | 1.30E-03 | 1.91E-04 8.82 5.73E-03
Pyrene 100% 470E-05 | 7.60E-04 | 1.73E-04 3.05 9.88E-04




Table 7.3

SUMMARY STATISTICS FOR CPECs IN SEDIMENT

AT THE REFERENCE SITES
Minimum Maximum
Frequency Detection Detection

of Detection

PCB-138

mg/k

7.60E-05

Standard
Deviation

meg/k

Table 7-4

DETECTED CONCENTRATIONS OF CPECs IN THE TWO SEAWATER
SAMPLES AT THE REFERENCE SITES

Analyte

Hexachlorobenzene

SW01801 SW03S01
mg/L mg/L

1.70E-07

Table 7-5

DETECTED CONCENTRATIONS OF CPECs IN THE TWO
ALGAE (Dictyota sp.) SAMPLES
SAMPLES AT THE REFERENCE SITES

Analyte

MTO03S05
meg/k

MT04S805
mg/k

2, 5.10E-03 4,70E-03
alpha-BHC 1.30E-03 ND

Endosulfan I ND 1.30E-03
Endrin aldehyde 1.90E-03 ND

Mirex 3.30E-03 1.80E-03
PCB-105 2.30E-03 1.30E-03
PCB-126 9 40E-03 1.20E-02
PCB-138 ND 3.30E-03
PCB-170 5.70E-04 3.60E-04
PCB-180 2.30E-03 5.60E-04
PCB-195 ND 6.70E-04
PCB-206 1.60E-03 2.60E-03




Table 7-6
DETECTED CONCENTRATIONS OF CPECs IN THE TWO
ALGAE (Halimeda opuntia) SAMPLES

AT THE REFERENCE SITES
Analyte MT02806 | MTO03506
mg/kg mg/kg
24'-DDD 2.10E-02 ND
alpha-BHC 2.00E-03 1.20E-03
delta-BHC 1.60E-04 1.10E-04
Endosulfan I ND 5.50E-04
Endrin ND 2.10E-04
Heptachlor epoxide 1.00E-03 8.40E-04
Mirex 1.20E-02 2.20E-03
PCB-170 3.10E-04 4.20E-04
PCB-206 ND 1.30E-04
Table 7-7

DETECTED CONCENTRATIONS OF CPECs IN THE
OCTOPUS (Octopus sp.) SAMPLE
AT THE REFERENCE SITES

Analyte | MTO01S08
/L

PCB-180




DETECTED CONCENTRATIONS OF CPECs IN THE

Table 7-8

SEA CUCUMBER (Holothuria sp.) SAMPLE
AT THE REFERENCE SITES

PCB-18

| 8.60E-04

Table 7-9
SUMMARY STATISTICS FOR CPECs IN
SEA URCHINS (Echinometra mathaei)

AT THE REFERENCE SITES
Minimum Maximum Standard
Analyte Frequency Detection Detection Mean Deviation ECq
of Detection mg/L mg/L mg/L mg/L mg/L

PCB-18

3.50E-04 _

1.96

alpha-Chlordane 25% 6.00E-05 6.00E-05 5.77E-05 1.10 7.05E-05
delta-BHC 50% 1.00E-04 9.20E-04 1.34E-04 3.70 2.06E-03
Mi

PCB-138

25%

6.50E-05

3.78E-04

3.24

4.41E-03




HERBIYOROUS FISH (Stegastes fasciolatus)

Table 7-10
SUMMARY STATISTICS FOR CPECs IN

2

f Detecti

AT THE REFERENCE SITES
Minimum Maximum Standard
Analyte Frequency Detection Detection Mean Deviation

trans-Nonachlor

2.4'-DDD 8.30 . .
24-DDE 50% 1.70E-04 2.50E-04 1.52E-04 3 48E-04
4.4'-DDD 50% 3.80E-04 1.20E-03 4.55E-04 1.93 1.79E-03
4 4 -DDE 75% 1.30E-03 5.40E-03 1.48E-03 2.62 1.11E-02
44-DDT 75% 2.90E-04 1,00E-03 3.81E-04 2.73 3.09E-03
alpha-BHC 100% 2.10E-04 4.30E-04 3.00E-04 1.44 6.41E-04
alpha-Chlordane 25% 1.50E-04 1.50E-04 1.19E-04 1.18 1.69E-04
beta-BHC 25% 1.80E-04 1.80E-04 7.21E-05 1.85 2.61E-04
delta-BHC 50% 4,50E-04 5.00E-04 9.92E-05 6.71 5.28E-03
Endosulfan I 100% 1.60E-04 3.80E-04 2.31E-04 1.85 8.36E-04
Endosulfan sulfate 50% 3.40E-04 4.50E-04 2.32E-04 1.85 8.37E-04
Endrin 25% 7.70E-05 7.70E-05 4.73E-05 1.40 9.53E-05
gamma-BHC (Lindane) 50% 5.60E-04 1.50E-03 2.29E-04 5.20 7.19E-03
Heptachlor epoxide 75% 2.90E-04 5.90E-04 249E-04 2.37 1.51E-03
Hexachlorobenzene 100% 2.20E-04 4.90E-04 3.48E-04 1.41 7.08E-04
Mirex 25% 4.80E-04 4.80E-04 1.11E-04 2.66 8.56E-04
25% 2.30E-03 2.30E-03 2.24E-04 5.76E-03

PCB-8

100% 1.30E-03 2.70E-03 1.75E-03 1.37 3.40E-03
PCB-13 25% 2.60E-03 2.60E-03 1.63E-04 6.36 7.76E-03
PCB-28 25% 1.90E-04 1.90E-04 8.14E-05 1.78 2.70E-04
PCB-52 50% 1.30E-03 1.70E-03 4.00E-04 4.58 9.57E-03
PCB-101 100% 5.90E-04 1.70E-03 1.00E-03 1.58 2.60E-03
PCB-105 5% 240E-04 4.10E-04 1.98E-04 229 1.12E-03
PCB-118 25% 1.40E-03 1.40E-03 4.45E-04 2.16 2.21E-03
PCB-128 100% 1.50E-04 3.50E-04 2.20E-04 1.45 4.81E-04
PCB-138 100% 1.20E-03 4 80E-03 2.09E-03 1.84 7.44E-03
PCB-153 100% 1.80E-03 8.60E-03 3.00E-03 2.05 1.35E-02
PCB-170 75% 2.80E-04 3.00E-03 4.08E-04 4.08 7.70E-03
PCB-1a80 100% 1.00E-03 7.80E-03 1.79E-03 2.67 1.40E-02
PCB-18: 75% 1.50E-03 5.20E-03 1.47E-03 4.15 2.88E-02
PCB-195 100% 2.20E-04 8.40E-04 3.62E-04 1.83 1.28E-03
PCB-206 75% 2.10E-04 5.60E-04 2.18E-04 2.22 1.15E-03
PCB-209 25% 1.10E-04 1.10E-04 6.01E-05 1.51 1.42E-04




Table 7-11
DETECTED CONCENTRATIONS OF CPECs IN THE TWO CARNIVOROUS FISH
(Yellowstripe goatfish - Mulloidichithys flavolineatus ) SAMPLES

AT THE REFERENCE SITES
Analyte MT01S04| MT04804
mg/kg | mg/kg

24'-DDD 3.50E-04 ND
24'-DDE 7.30E-04 ND
2.4'-DDT ND 3.70E-04
alpha-BHC 2.00E-04 | 3.00E-04
Endrin 8.40E-05 | 8.40E-05

gamma-BHC (Lindane)| 6.30E-05 | 6.30E-05
Hexachlorobenzene 1.20E-04 | 1.40E-04

Mirex 1.40E-04 | 1.90E-04
PCB-38 4.80E-04 | 8.20E-04
PCB-18 2.710E-04 ND
PCB-138 1.50E-03 ND
PCB-153 3.00E-03 { 9.80E-04
PCB-170 7.60E-04 | 1.80E-04
PCB-180 2.60E-03 | 6.80E-04
PCB-187 1.40E-03 ND
PCB-195 3.30E-04 ND

PCB-206 3.80E-04 [ 2.20E-04




Table 7-12
SUMMARY STATISTICS FOR CPECs IN SEDIMENT
AT THE LANDFILLS SITE

Analyte

Minimum Maximum
Frequency Detection Detection Mean
of Detection mg/kg mg/kg mg/kg

Standard
Deviation

mg/kg

EC(a)
meg/kg

2,4'-DDD 50% 2.00E-04 1.10E-02 1.55E-04 10.59 9.08E-04
2,4'-DDE 25% 6.60E-05 2.30E-03 4 07E-05 3.94 1.14E-04
24-DDT 58% 3.00E-05 3.30E-03 1.32E-04 5.99 5.02E-04
4 4'-DDD 83% 6.40E-05 1.70E-02 3.63E-04 8.35 1.78E-03
4.4 -DDE 83% 5.20E-05 9.00E-03 3.86E-04 8.44 1.90E-03
44-DDT 50% 1.10E-04 7.50E-03 142E-04 8.80 7.25E-04
alpha-BHC 8% 3.60E-05 3.60E-05 1.59E-05 1.31 1.96E-05
gamma-BHC (Lindane) 8% 2.30E-05 2.30E-05 1.94E-05 1.11 2,10E-05
alpha-Chlordane 50% 5.30E-05 8.60E-04 6.02E-05 4.50 1.86E-04
gamma-Chlordane 67% 2.00E-05 8.40E-04 549E-05 4.19 1.60E-04
Dieldrin 17% 2.70E-05 2.70E-05 3.40E-05 3.08 7.89E-05
trans-Nonachlor 2% 340E-05 6.50E-04 3.33E-05 4.96 1,10E-04

PCB-8 25% 6.10E-05 4.20E-04 3.84E-05 272 8.12E-05
PCB-18 17% 5A40E-04 5.60E-04 7.26E-05 2.59 1.48E-04
PCB-28 42% 1.10E-04 9.60E-04 8.87E-05 3.78 240E-04
PCB-44 58% 3.80E-05 1.20E-03 7.11E-05 5.04 239E-04
PCB-52 67% 2.00E-05 2.00E-03 1.09E-04 7.19 4.79E-04
PCB-66 50% 1.20E-04 9.70E-04 8.01E-05 5.35 2.81E-04
PCB-101 5% 7.50E-05 2.80E-02 3.44E-04 13.57 242E-03
PCB-105 58% 1.90E-05 8.80E-04 6.35E-05 5.20 2.18E-04
PCB-118 67% 5.00E-05 5.40E-03 2.03E-04 8.52 1.01E-03
PCB-128 58% 2.00E-05 4.30E-03 1.16E-04 7.64 5.32E-04
PCB-138 100% 1.10E-04 8.40E-02 1.47E-03 9.20 7.76E-03
PCB-153 92% 4.50E-05 1.10E-01 1.50E-03 15.20 1.15E-02
PCB-170 92% 1.40E-05 6.30E-02 7.01E-04 13.05 4.79E-03
PCB-180 92% 6.60E-05 1.20E-01 1.37E-03 13.42 9.59E-03
PCB-187 92% 3.30E-05 6.90E-02 9.49E-04 12.03 6.11E-03
PCB-195 92% 1.90E-05 1.40E-02 2.29E-04 8.63 1.15E-03
PCB-206 75% 2.70E-05 5.70E-03 1.20E-04 7.25 5.31E-04
PCB-209 58% 6.30E-06 5.20E-04 3.00E-05 3.69 7.97E-05




Table 7-13

SUMMARY STATISTICS FOR CPECs IN SEAWATER

AT THE LANDFILLS SITE
Minimum Maximum Standard
Analyte Frequency Detection Detection Mean Deviation EC,
of Detection m mg/k mg/k

Hexachlorobenzene

2.00E-07

3.62E-07

PCB-18 17% 1.40E-06 1.40E-06 3.42E-07 2.00 8.40E-07
PCB-153 17% 1.10E-06 1.10E-06 1.86E-07 2.40 5.77E-07
PCB-180 17% 8.30E-07 8.30E-07 4.32E-07 1.40 6.66E-07
PCB-187 17% 4.70E-07 4.70E-07 3.25E-07 1.23 4.26E-07




Table 7-14
SUMMARY STATISTICS FOR CPECs IN

ALGAE (Dictyota sp.)

AT THE LANDFILLS SITE
Minimum Maximum Standard
Analyte Frequency Detection Detection Mean Deviation EC,
of Detection mg/kg mg/kg mg/kg mg/kg mg/kg

| Pesticid

2.4-DDD 50% 1.10E-02 | 4.00E-02 | 3.18E-03 9.59 5.80F-02
2,4-DDT 17% 1.20E-02 1.20E-02 | 5.57E-04 4.66 4.06E-03
4,4-DDD 33% 6.00E-03 | 6.60E-02 | 3.07E-03 525 2.61E-02
4,4'-DDE 50% 4.60E-03 | 6.00E-02 | 5.10E-03 4.44 3.49E-02
4,4"DDT 17% | 3.70E-02 | 3.70E-02 | 9.74E-04 6.14 1.01E-02
alpha-BHC 50% | 7.80E-04 | 2.90C-03 | 8.20E-04 2.63 2.86E-03
alpha-Chlordane 33% 9.90E-04 3.30E-03 7.26E-04 2.37 2.21E-03
beta-BHC 50% 5.00E-04 1.20E-03 | S5.0SE-04 1.89 1.15E-03
delta-BHC 67% 4.60E-04 | 230FE-03 | 5.34E-04 2.97 2.17E-03
Dieldrin 17% 2.80E-02 | 2.80E-02 | 6.60E-04 6.45 7.34E-03
Endosulfan 11 17% | 4.80E-02 | 4.80E-02 | 9.85E-04 726 T127E-02
Endosulfan sulfate 17% 1.10E-03 1.10E-03 | 5.77E-04 199 |  1.40E-03
Endrin 50% 2.60E-03 5.60E-03 7.74E-04 5.48 6.97E-03
Endrin aldehyde 33% 390E-03 | S.90E-03 | 7.22E-04 4.76 5.42E-03
gamma-BHC (Lindane) 33% 1.30E-03 | 4.40F-03 | 4.92E-04 373 | 2.70E-03
gamma-Chlordane 50% 2.10E-03 | 8.70E-03 1.84E-03 2.56 6.19E-03
Heptachlor epoxide 33% 470E-04 | 6.40E-04 | 333E-04 | 202 8.27E-04
Methoxychlor 1.30E-04 1.30E-04 | 3.06E-04 | 170 6.08E-04
Mirex 8.40E-04 1.30E-02 | 1.67E-03 4.27 1.09E-02
trans-Nonachlor 2.20E-03 | 220E-03 | 4.43E-04 261 1.53E-03
PCBs | T T
PCB-§ 50% 7.00E-04 1.10E-03 | 4.76E-0 1.90 1.09E-03
PCB-18 50% 4.30E-03 8.00E-03 1.11E-03 5.98 1.12E-02
PCB-28 50% 2.00E-03 | 6.80E-03 1.03E-03 4.47 7.14E-03
PCB-44 17% 740E-03 | 7.40E-03 | 3.02E-04 528 2.60E-03
PCB-52 N 50% 8.40E-03 1.30E-02 | 2.27E-03 5.25 1.93E-02
PCB-66 17% 4.80E-03 | 4.80E-03 | 5.64E-04 2.99 2.33E-03
PCB-77 17% 1.30E-02 1.30E-02 | 6.55E-04 4.79 4.95E-03
PCB-101 50% 6.80E-04 | 4.60E-02 | 2.68E-03 5.84 2.61E-02
PCB-105 33% 560E-03 | 7.00E-03 | 5.62E-04 6.86 6.75E-03
PCB-118 33% $.40E-03 1.20E-02 | 2.45E-03 3.11 1.06E-02
PCB-126 33% 1.00E-02 1.30E-02 | 9.22E-04 7.49 1.24E-02
PCB-128 33% 1.I0E-03 | 5.60E-03 | 9.66E-04 2.56 3.25E-03
PCB-138 33% 2.20E-02 120E-01 | 6.69E-03 543 5.95E-02
PCB-133 33% 3.00E-02 | 2.10E-01 | 6.60E-03 7.70 9.22E-02
PCB-170 100% 1.20E-03 | 8.90E-02 | 6.40E-03 5.10 5.25E-02
PCB-180 100% 1.20E-03 1.60E-01 1.37E-02 5.28 1.17E-01
PCB-187 - 67% 1.10E-03 1.30E-01 | 4.74E-03 6.91 5.76E-02
PCB-195 83% 3.40E-04 1.60E-02 1.07E-03 4.68 7.86E-03
PCB-206 67% 8.10E-04 1.00E-02 1.31E-03 4.57 9.31E-03
PCB-209 33% 530E-04 | 230E-03 | 3.47E-04 2.85 1.34E-03




Table 7-15
SUMMARY STATISTICS FOR CPECs IN
ALGAE (Halimeda opuntia)

AT THE LANDFILLS SITE
Minimum Maximum Standard
Analyte Frequency Detection Detection Mean Deviation

of Detection

mg/k

mg/k

24'-DDD 33% 4.00E-03 430E-03 | 5.94E-04 4.51 4.15E-03
4 4'-DDD 33% 3.00E-03 5.30E-03 1.06E-03 2.83 4.08E-03
4 4'-DDE 50% 3.20E-04 5.60E-03 1.35E-03 3.14 3.95E-03
44-DDT 17% 1.80E-03 1.80E-03 2.91E-04 2.45 9.22E-04
delta-BHC 17% 1.50E-04 1.50E-04 941E-05 1.27 1.20E-04
Endosulfan 11 17% 1.30E-03 1.30E-03 3.67E-04 1.86 8.21E-04
Endrin 17% 240E-04 2.40E-04 9.48E-05 1.59 1.72E-04
gamma-BHC (Lindane) 33% 1.40E-03 1.50E-03 2.50E-04 3.91 1.45E-03
Heptachlor 50% 4. 80E-04 1.50E-03 2.62E-04 4.05 1.59E-03
Heptachlor epoxide 17% 2.10E-03 2.10E-03 2.04E-04 3.14 8.92E-04
Hexachlorobenzene 33% 1.90E-03 7.60E-03 3.01E-04 7.48 4.05E-03

100% 8.00E-04 5.60E-03 2.07E-03 4.88E-03

Mirex

PCB-52

67% 1.20E-03 1.10E-02 1.39E-03 5.82 1.36E-02
PCB-77 17% 4.80E-04 4.80E-04 2.55E-04 1.37 3.84E-04
PCB-105 33% 1.80E-03 2.50E-03 3.08E-04 4.48 2.13E-03
PCB-118 33% 4.20E-03 1.10E-02 1.31E-03 3.71 7.13E-03
PCB-126 17% 2.30E-02 2.30E-02 4.26E-04 7.08 5.33E-03
PCB-128 33% 2.90E-03 7.10E-03 7.08E-04 4.34 4.71E-03
PCB-138 50% 8.60E-04 1.30E-01 4.21E-03 9.02 7.21E-02
PCB-153 50% 1.50E-03 1.80E-01 4.67E-03 10.97 1.03E-01
PCB-170 100% 1.20E-04 7.40E-02 1.90E-03 12.03 4.71E-02
PCB-180 1060% 1.60E-03 1.30E-01 7.55E-03 5.82 7.34E-02
PCB-187 100% 2.60E-04 9.90E-02 2.32E-03 13.22 6.52E-02
PCB-195 33% 6.50E-03 1.60E-02 7.38E-04 7.80 1.05E-02
PCB-206 33% 2.80E-03 7.90E-03 5.01E-04 5.85 4.90E-03
PCB-209 33% 1.10E-04 2.10E-04 1.07E-04 141 1.66E-04




Table 7-16
DETECTED CONCENTRATIONS OF CPECs IN THE
OCTOPUS (Octopus sp.) SAMPLE '

AT THE LANDFILLS SITE
Analyte MT01S08
mg/kg

PCB-101 1.60E-03
PCB-105 1.70E-03
PCB-118 3.10E-03
PCB-128 8.70E-04
PCB-138 1.80E-02
PCB-153 3.30E-02
PCB-170 1.30E-02
PCB-180 3.50E-02
PCB-187 2.10E-02
PCB-195 4.00E-03
PCB-206 1.60E-03




Table 7-17
SUMMARY STATISTICS FOR CPECs IN
SEA CUCUMBERS (Holothuria sp.)

AT THE LANDFILLS SITE

Analyte

Frequency
of Detection

Minimum Maximum Standard
Detection Detection Mean Deviation EC
mg/kg mg/kg mg/ke mg/kg mg/kg

24-DDD 67% 6.70E-04 9.50E-04 7.64E-04 1.21 1.51E-03
44'-DDD 33% 1.20E-03 1.20E-03 1.31E-03 1.26 2.99E-03
4,4-DDE 67% 2.00E-03 5.00E-03 298E-03 1.60 1.60E-02
4,4-DDT 67% 5.90E-04 1.10E-03 7.30E-04 1.43 2.60E-03
Mirex 67% 6.60E-04 8.80E-04 6.10E-04 1.51 2.67E-03

133 50

PCB-101 67% 1.88E-03 ~0?

PCB-105 67% 1.20E-03 8.84E-04 2.21 1.51E-02
PCB-118 33% 2.50E-03 2.50E-03 1.71E-03 1.48 6.90E-03
PCB-128 67% 8.80E-04 1.10E-03 9.37E-04 L.15 1.55E-03
PCB-138 67% 1.10E-02 1.60E-02 6.64E-03 3.36 5.12E-01
PCB-153 67% 1.60E-02 1.70E-02 7.13E-03 4.27 1.29E+00
PCB-170 67% 8.30E-04 2.30E-03 9.29E-04 2.35 1.99E-02
PCB-130 100% 7.40E-04 4.60E-02 6.86E-03 8.04 1.20E+01
PCB-187 100% 2.40E-03 220E-02 8.82E-03 3.18 5.58E-01
PCB-195 67% 1.90E-03 2.10E-03 1.34E-03 2.01 1.62E-02
PCB-206 100% 5.90E-04 7.70E-04 6.98E-04 1.16 1.18E-03




Table 7-18
SUMMARY STATISTICS FOR CPECs IN
SEA URCHINS (Echinometra mathaei)

AT THE LANDFILLS SITE

Analyte

Frequency
of Detection

Minimum Maximum Standard
Detection Detection Mean Deviation
mg/kg mo/kg mg/kg

2.4'-DDD 42% 2.00E-04 6.70E-03 2.29E-04 4.63 7.21E-04
24-DDE 8% 1.20E-03 1.20E-03 1.46E-04 1.95 241E-04
24-DDT 25% 6.00E-04 1.90E-03 1.52E-04 3.57 3.94E-04
4.4'-DDD 17% 2.70E-04 2.10E-03 3.75E-04 1.73 5.65E-04
4 4-DDE 50% 5.50E-04 1.10E-02 1.19E-03 3.14 2.80E-03
4 4-DDT 25% 7.20E-04 1.20E-03 1.99E-04 2.58 4. 04E-04
alpha-BHC 17% 1.20E-04 3,70E-04 9.03E-05 1.60 1.28E-04
Endrin 33% 2.10E-04 8.80E-04 9.67E-05 3.33 2.38E-04
gamma-BHC (Lindane) 42% 2.50E-05 3.00E-04 6.83E-05 1.76 1.04E-04
Heptachlor 8% 2.70E-04 2.70E-04 3.99E-05 2.35 7.57E-05
Hexachlorobenzene 3% 1.40E-05 1.40E-05 3.,68E-05 1.97 6.10E-05
Mirex 58% 1.10E-04 7.60E-04 1.52E-04 2.24 2.78E-04
PCB-8 17% 8.80E-05 1.70E-04 6.18E-05 1.43 8.09E-05
PCB-18 50% 3.00E-04 1.40E-03 2.02E-04 3.32 4 97E-04
PCB-28 33% 4.30E-04 1.10E-03 1.50E-04 3.31 3.67E-04
PCB-44 8% 3.90E-04 3.90E-04 5.57E-05 2.36 1.06E-04
PCB-52 58% 2.90E-04 2.90E-03 4.57E-04 3.97 1.28E-03
PCB-66 42% 4.20E-04 7.30E-03 3.51E-04 5.94 1.33E-03
PCB-77 8% 3.00E-04 3.00E-04 1.12E-04 1.97 1.87E-04
PCB-101 50% 2.70E-04 1.50E-02 9.87E-04 5.03 3.31E-03
PCB-105 42% 1.30E-04 240E-03 1.71E-04 3.76 4.61E-04
PCB-118 50% 5.20E-04 8.70E-03 9.36E-04 3.70 249E-03
PCB-128 42% 2.80E-04 3.20E-03 3.80E-04 3.29 0.26E-04
PCB-138 50% 1.00E-03 5.10E-02 247E-03 6.07 9.51E-03
PCB-153 58% 8.80E-05 6.70E-02 2,22E-03 8.51 1.10E-02
PCB-170 42% 5.00E-04 7.00E-03 3.25E-04 6.35 1.30E-03
PCB-180 100% 6.00E-04 1.40E-02 2.96E-03 2.49 5.86E-03
PCB-187 02% 4.00E-04 6.40E-02 2.06E-03 7.25 9.06E-03
PCB-195 33% 1.60E-04 1.90E-03 1.83E-04 3.87 5.03E-04
PCB-206 25% 2.40E-04 8.20E-04 1.22E-04 2.94 2.74E-04
PCB-209 8% 5.00E-05 5.00E-05 4 44E-05 1.84 7.00E-05




Table 7-19
SUMMARY STATISTICS FOR CPECs IN
HERBIVOROUS FISH (Stegastes fasciolatus)

AT THE LANDFILLS SITE
Minimum Maximum Standard
Analyte Frequency Detection Detection Mean Deviation

2.4'-DDD

of Detection mg/kg

mg/kg mg/kg

mg/kg

91% 4.20E-04 1.30E-01 3.94E-03 6.05 1.65E-02
24'-DDE 73% 4.90E-05 2.50E-02 7.01E-04 6.75 3.19E-03
24'-DDT 27% 1.00E-03 8.30E-02 4 48E-04 9.11 2.59E-03
4,4'-DDD 82% 7.50E-04 6.20E-02 3.62E-03 4.94 1.29E-02
44-DDE 100% 1.70E-03 3.20E-01 2.05E-02 6.05 8.58E-02
44-DDT 82% 2.10E-03 1.50E-02 3.14E-03 5.56 1.23E-02
alpha-BHC 100% 1.30E-04 8.90E-04 4 64E-04 1.78 7.33E-04
alpha-Chlordane 73% 9.90E-05 6.10E-03 7.15E-04 3.70 2.02E-03
Endrin 18% 3.20E-04 3.10E-03 1.13E-04 3.38 2.98E-04
gamma-BHC (Lindane) 100% 3.70E-04 2.80E-03 1.48E-03 1.76 2.31E-03
gamma-Chlordane 64% 2.30E-04 8.10E-04 4.08E-04 1.40 5.33E-04
Heptachlor 9% 2.00E-04 2.00E-04 7.26E-05 1.54 1.02E-04
Heptachlor epoxide 18% 7.30E-04 1.60E-03 1.79E-04 2.58 3.81E-04
Hexachlorobenzene 100% 3.10E-04 7.50E-04 4.74E-04 1.26 5.69E-04
Mirex 100% 2.30E-04 8.20E-03 9.99E-04 3.03 2.41E-03
trans-Nonachlor 91% 8.00E-04 1.40E-02 2.20E-03 5.49E-03

PCB-§ 100% 9.60E-04 5.70E-03 2.38E-03 1.71 3.64E-03
PCB-18 82% 6.80E-04 7.80E-03 1.23E-03 3.87 3.62E-03
PCB-28 64% 1.10E-03 2.10E-02 1.46E-03 8.40 7.89E-03
PCB-44 55% 2.20B-03 6.20E-02 1.11E-03 11.40 7.68E-03
PCB-52 73% 8.70E-04 3.10E-01 4.69E-03 12.27 3.43E-02
PCB-66 64% 1.00E-03 1.80E-01 2.48E-03 12,42 1.83E-02
PCB-101 100% 1.30E-03 2.00E+00 2.16E-02 13.19 1.67E-01
PCB-105 82% 3.70E-04 4.30E-01 241E-03 12.91 1.84E-02
PCB-118 82% 1.00E-03 1.20E+00 147E-02 14.21 1.21E-01
PCB-128 91% 4.40E-04 4.40E-01 541E-03 12.84 4.11E-02
PCB-138 100% 4.50E-03 6.30E+00 7.93E-(02 12.87 6.03E-{'1
PCB-153 100% 8.10E-03 9.40E+00 1.38E-01 12.09 9.96E-01
PCB-170 100% 2.80E-03 4.30E400 S41E-02 13.42 4.25E-01
PCB-180 100% 8.30E-03 9.80E+00 1.36E-01 12.32 9.96E-01
PCB-187 100% 7.00E-03 5.80E+00 9.10E-02 11.45 6.31E-01
PCB-195 100% 9.40E-04 1.30E+00 1.57E-02 13.19 1.22E-01
PCB-206 100% 1.10E-03 8.20E-01 1.36E-02 11.09 9.21E-02
PCB-209 100% 1.50E-04 1.10E-02 1.12E-03 4.46 3.68E-03




Table 7-20
SUMMARY STATISTICS FOR CPECs IN

AT THE LANDFILLS SITE

CARNIVOROUS FISH (Yellowstripe goatfish - Mulloidichthys flavolineatus )

Analyte

Minimum Maximum
Frequency Detection Detection
of Detection mg/kg mg/kg

Standard
Mean Deviation EC
| mg/kg | mgkg | mgkg |

24-DDD 100% 3.80E-04 1.40E-01 2.13E-03 9.93 4 12E-02
24'-DDE 17% 2.80E-02 2.80E-02 5.50E-04 6.87 6.62E-03
24-DDT 50% 1.40E-03 2.00E-02 8.59E-04 7.87 123E-02
44'-DDD 100% 8.90E-04 5.20E-02 2.95E-03 4.60 2.12E-02
44"-DDE 100% 5.10E-03 2.30E-01 2.41E-02 3.92 141E-01
44'-DDT 100% 1.80E-03 1.60E-02 3.97E-03 2.15 1.07E-02
alpha-BHC 100% 1.70E-04 3.60E-04 2.58E-04 1.34 3.77E-04
alpha-Chlordane 83% 3.60E-04 6.80E-03 7.18E-04 3.40 3.49E-03
beta-BHC 83% 1.10E-04 1.90E-04 1.42E-04 1.23 1.87E-04
gamma-BHC (Lindane) 67% 1.40E-04 2.80E-04 1.69E-04 1.44 2.71E-04
gamma-Chlordane 33% 5.30E-04 2.00E-03 5.83E-04 1.85 1.29E-03
Hexachlorobenzene 100% 2.90E-04 6.00E-04 4.42E-04 1.29 6.15E-04
Mirex 100% 4.00E-04 4 40E-03 8.24E-04 2.55

2.76E-03

P

7.90E-04

1.40E-02

8.25E-04

7.37E-03

PCB-18 67%

PCB-28 83% 5.10E-04 4.40E-02 1.56E-03 741 2.06E-02
PCB-44 33% 2.80E-03 1.50E-02 4.40E-04 8.60 7.08E-03
PCB-52 100% 2.30E-04 1.30E-01 2.55E-03 10.27 5.17E-02
PCB-66 83% 3.50E-04 7.90E-02 1.93E-03 8.88 3.23E-02
PCB-101 100% 9.40E-04 6.30E-01 9.33E-03 11.91 2.29E-01
PCB-105 100% 530E-04 1.50E-01 5.35E-03 8.28 8.21E-02
PCB-118 100% 2.50B-03 4.20E-01 1.80E-02 7.25 2.33E-01
PCB-128 100% 6.50E-04 1.20E-01 5.31E-03 1.717 7.50E-02
PCB-138 100% 7.00E-03 2.40E+00 7.87E-02 9.30 1.40E+00
PCB-153 100% 1.30E-02 4.80E+00 1.34E-01 9.99 2.62E+00
PCB-170 100% 4.50E-03 1.90E+00 4.94E-02 10.78 1.06E+00
PCB-180 100% 1.10E-02 4.80E+00 1.20E-01 10.77 2.59E+00
PCB-187 100% 7.00E-03 2.80E+00 7.14E-02 10.34 1.46E+00
PCB-195 100% 1.20E-03 6.00E-01 1.33E-02 10.90 2.90E-01
PCB-206 100% 1.20E-03 4.20E-01 9.02E-03 9.34 1.62E-01
PCB-209 100% 3.40E-04 5.40E-03 1.07E-03 3.12 4.63E-03




Table 7-21

SUMMARY STATISTICS FOR CPECs IN SEAWATER
AT THE INNER HARBOR SITES

Analyte

Frequency
of Detection

Minimum
Detection

me/kg

Maximum
Detection

Hexachlorobenzene

100%

3.60E-07

4.50E-(07

mg/kg

Mean

Standard
Deviation

mg/k

EC(a)
mg/k

3.96E-07

4.90E-0y7

PCB-209

25%

5.10E-08

5.10E-08

1.92E-07

242

1.21E-06




Table 7-22
SUMMARY STATISTICS FOR CPECs IN

ALGAE (Dictyota sp.)

AT THE INNER HARBOR SITES

Analyte

Frequency
of Detection

Minimum
Detection
mg/kg

Maximum

Detection
mg/k

Mean

mg/kg

Standard
Deviation

mg/kg

24-DDD 63% 8.80E-04 3.50E-03 1.25E-03 2.87 3,39E-03
24-DDT 38% 1.60E-04 1.00E-02 7.11E-04 4.22 3.02E-03
4 4'-DDD 50% 1.50E-04 4 90E-03 8.76E-04 3.92 3.45E-03
44'-DDE 38% 1.50E-04 6.80E-03 1.84E-03 3.30 6.11E-03
44-DDT 13% 4.20E-02 4.20E-02 7.92E-04 5.58 4.46E-03
alpha-BHC 63% 4,10E-04 2.50E-03 6.91E-04 2.58 1.79E-03
beta-BHC 88% 1.20E-04 2.00E-03 5.30E-04 2.54 1.35E-03
delta-BHC 100% 3.40E-04 2.30E-03 9.49E-04 2.08 1.98E-03
Dieldrin 13% 5.50E-03 5.50E-03 4.67E-04 3.17 1.49E-03
Endosulfan 1 25% 5.20E-04 8.20E-03 8.64E-04 3.00 2.60E-03
Endrin aldehyde 63% 7.00E-04 2.40E-03 7.65E-04 2.33 1.79E-03
gamma-BHC (Lindane) 88% 1.30E-04 6.20E-03 5.52E-04 3.18 1.76E-03
gamma-Chlordane 25% 1.50E-03 1.60E-03 8.95E-04 1.94 1.74E-03
Heptachlor 25% 2.80E-04 8.60E-03 3.30E-04 3.95 1.31E-03
Hexachlorobenzene 25% 1.40E-04 9.90E-04 2.22E-04 2.28 5.08E-04
Mirex 100% 3.80B-04 1.30E-02 3.95E-03 3.52 1.40E-02
trans-Nonachlor 13% 7.10E-03 7.10E-03 6.52E-04 3,07 2.01E-03

PCB-8 13% 6.90E-03 6.90E-03 3.39E-04 3.84 1.31E-03
PCB-18 88% 6.00E-04 3.80E-03 141E-03 2.66 3.76E-03
PCB-28 13% 7.10E-03 7.10E-03 4.16E-04 3.62 1.51E-03
PCB-52 25% 430E-04 1.70E-02 8.78E-04 351 3.10E-03
PCB-101 100% 9.10E-04 2.30E-02 6.27E-03 3.06 1.93E5-02
PCB-105 38% 1.50E-03 5.10E-03 6.27E-04 3.63 2.29E-03
PCB-118 50% 6.90E-04 1.70E-03 1.23E-03 1.83 2.26E-03
PCB-126 13% 9.70E-03 9.70E-03 6.27E-04 3.49 2.20E-03
PCB-128 38% 3.20E-04 7.90E-03 8.59E-04 3.00 2.59E-03
PCB-138 88% 3.10E-03 8.80E-03 4.56E-03 2.06 9.43E-03
PCB-153 38% 3.30E-03 1.60E-02 7.50E-03 2.13 1.60E-02
PCB-170 100% 6.60E-04 4.90E-03 2.60E-03 1.88 491E-03
PCB-180 100% 240E-03 1.70E-02 7.03E-03 1.78 1.26E-02
PCB-187 88% 3.20E-03 2.50E-02 6.97E-03 2.38 2.02E-02
PCB-195 100% 3.90E-04 5.30E-03 1.63E-03 231 3.78E-03
PCB-206 100% 4.50E-04 9.40E-03 2.28E-03 327 7.51E-03
PCB-209 100% 4.10E-03 6.40E-02 1.31E-02 245 3.22E-02




Table 7-23

SUMMARY STATISTICS FOR CPECs IN

SEA URCHINS (Echinometra mathaei)
AT THE INNER HARBOR SITES

Analyte

Frequency
of Detection

2 4-DDD

Minimum Maximum
Detection Detection Mean
mg/kg mg/kg

Standard
Deviation

m/kg

EC,

75% 3.90E-04 8.90E-04 3.84E-04 2.30 8.89E-04
24'-DDE 13% 1.20E-04 1.20E-04 8.20E-05 1.35 1.11E-04
24'-DDT 25% 2.10E-04 3.30E-04 8.01E-05 2.20 1.77B-04
4,4'-DDD 13% 2.50E-03 2.50E-03 2.38E-04 248 7.17E-04
4 4'-DDE 88% 5.10E-04 1.80E-03 7.18E-04 1.68 1.21E-03
4 4-DDT 13% 1.60E-04 1.60E-04 8.39E-05 1.43 1.20E-04
alpha-BHC 25% 7.30E-05 2.70E-04 6.41E-05 1.91 1.23E-04
beta-BHC 13% 4.50E-04 4.50E-04 5.40E-05 2.44 1.32E-04
delta-BHC 13% 3.90E-04 3.90E-04 4 27E-05 2.59 1.11E-04
Endosulfan I 13% 1.70E-03 1.70E-03 1.49E-04 2.76 4 12E-04
Endrin 50% 6.40E-05 1.40E-04 5.13E-05 1.87 9.62E-05
gamma-BHC (Lindane) 63% 4.60E-05 5.50E-04 7.21E-05 2.36 1.71E-04
gamma-Chlordane 13% 2.80E-04 2.830E-04 1.50E-04 1.43 2.15E-04
Hexachlorobenzene 13% 5.20E-05 5.20E-05 3.53E-05 1.35 4.77E-05
Mirex 38% 8.90E-05 1.20E-03 9.57E-05 3.33 321E-04

4

PCB-R

25% 6.90E-05 2.60E-04 5.39E-05 229 1.24E-04
PCB-18 50% 1.80E-04 340E-04 1.25E-04 2.56 3.20E-04
PCB-28 13% 6.50E-05 6.50E-05 4.92E-05 1.67 8.22E-05
PCB-52 100% 1.30E-04 3.10E-03 3.19E-04 2.63 8.42E-04
PCB-101 88% 7.30E-04 1.20E-03 8.35E-04 1.97 1.65E-03
PCB-105 5% 2.50E-04 6.50E-04 2.80E-04 2.39 6.72E-04
PCB-118 88% 6.70E-04 1.10E-03 7.34E-04 1.79 1.31E-03
PCB-128 100% 2.20E-04 4.70E-04 3.44E-04 1.28 440E-04
PCB-138 100% 3.50E-03 5.30E-03 4.35E-03 1.18 5.13E-03
PCB-153 100% 4.50E-03 7.30E-03 5.43E-03 1.19 6.44E-03
PCB-170 100% 2.10E-04 5.60E-04 2.98E-04 1.40 4.17E-04
PCB-180 100% 6.20E-04 1.20E-03 8.22E-04 1.27 1.04E-03
PCB-187 88% 2.60E-03 4.20E-03 2.10E-03 3.06 6.46E-03
PCB-195 100% 5.80E-05 8.20E-04 1.22E-04 2.26 2.77E-04
PCB-206 88% 5.90E-05 1.20E-03 1.05E-04 2.76 291E-04
PCB-209 100% 2.20E-04 8.60E-03 4.89E-04 3.25 1.60E-03




Table 7-24
SUMMARY STATISTICS FOR CPECs IN
HERBIVOROUS FISH (Stegastes fasciolatus )
AT THE INNER HARBOR SITES

Analyte

Frequency

of Detection mg/kg

Minimum
Detection

Maximum

Detection

mg/k

Standard
Mean Deviation EC,
| mg/ke | mgkg | mgkg

2,4'-DDD 100% 6.30E-03 1.30E-02 8.75E-03 1.27 1.11E-02
24'-DDE 88% 1.10E-03 2.40E-03 1.14E-03 2.49 2.84E-03
24-DDT 75% 3.60E-03 9.90E-03 1.99E-03 7.29 147E-02
44'-DDD 100% 3.60E-03 1.90E-02 6.835E-03 1.79 1.23E-02
44 -DDE 100% 3.60E-02 1.20E-01 5.57E-02 1.63 9.11E-02
44'-DDT 100% 1.80E-03 1.70E-02 5.34E-03 2.15 1.15E-02
alpha-BHC 88% 2.10E-04 5.50E-04 3.25E-04 1.91 6.24E-04
alpha-Chlordane 13% 2.70E-04 2.70E-04 1.60E-04 1.44 2.30E-04
Endrin 25% 2.90E-03 6.10E-03 1.66E-04 7.57 1.27E-03
gamma-BHC (Lindane) 50% 4.60E-04 1.90E-03 2.34E-04 4.65 1.10E-03
gamma-Chlordane 75% 1.20E-04 2.10E-04 2.03E-04 1.64 3.33E-04
Heptachlor 13% 7.20E-04 7.20E-04 6.02E-05 3.18 1.92E-04
Heptachlor epoxide 13% 140E-04 1.40E-04 9.63E-05 140 1.35E-04
iexachlorobenzene 100% 4 20E-04 1.50E-03 6.55E-04 1.60 1.05E-03

100% 3 40E-04 3.00E-03 9.11E-04 2.35 2.15E-03

PCB-8_

100% 1.60E-03 4.20E-03 2.76E-03 1.34 3.71E-03
PCB-18 38% 8.20E-04 1.60E-03 2.51E-04 3.87 9.76E-04
PCB-28 100% 2.00E-03 2.60E-03 2.28E-03 1.11 2.52E-03
PCB-44 88% 9.20E-04 2.30E-03 7.97E-04 3.07 246E-03
PCB-52 100% 3.70E-03 1.30E-02 5.33E-03 1.52 8.14E-03
PCB-66 100% 1.90E-03 8.10E-03 3.75E-03 1.53 5.73E-03
PCB-101 100% 1.90E-02 6.60E-02 3.52E-02 1.68 5.92E-02
PCB-105 100% 5.10E-03 1.70E-02 8.30E-03 1.51 1.26E-02
PCB-118 100% 1.80E-02 6.50E-02 3.10E-02 1.74 542E-02
PCB-128 100% 6.70E-03 1.80E-02 9.82E-03 142 1.40E-02
PCB-138 100% 8.10E-02 2.80E-01 1.53E-01 1.56 2.39E-01
PCB-153 100% 1.50E-01 5.60E-01 2.92E-01 1.60 4.67E-01
PCB-170 100% 5.10E-02 1.90E-01 1.01E-01 1.61 1.63E-01
PCB-180 100% 1.20E-01 8.20E-01 276E-01 1.90 5.27E-01
PCB-137 100% 6.60E-02 7.10E-01 1.62E-01 2.13 345E-01
PCB-195 100% 9.60E-03 2.10E-01 2.77E-02 2.63 7.32E-02
PCB-206 100% 1.70E-02 1.80E+00 4.80E-02 4.67 226E-01
PCB-209 100% 3.90E-02 3.20E+00 9.57E-02 4.30 4.14E-01




Table 7-25
TOXIC EQUIVALENCY FACTORS (TEFs) FOR CALCULATING TOXIC EQUIVALENTS TQ
2,3,7,8 TETRACHLORO DIBENZODIOXIN (TCDD) FOR PCB CONGENERS AND AROCLORS FOR
MAMMALS AND BIRDS

PCBs | TEE, TEF,’
PCBR (2.4)) 0.00002 | 0.00002
PCB-18 (2,2.5) 0.00002 | 0.00002
PCB-28 (2.4,4) 0.00002 | 0.00002
PCB-44 (2,2'3,5") 0.00002 | 0.00002
PCB-52 (2,2'5,5") 0.00002 | 0.00002
PCB-66 (2,3'4.4") 0.00002 | 0.00002
PCB-77 (3.3'4,4) 0.01 0.02
PCB-101 (2,2',3,5.,5") 0.00002 | 0.00002
PCB-105 (2,3,3'4,4") 0.001 0.00005
PCB-118 (2,3'44',5) 0001 | 0.000004
PCB-126 (3.3'4.4'.5) 0.1 0.1
PCB-128 (2,2'3,3'4,4)) 0.00002 | 0.00002
PCB-138 (2,2'3,4,4",5) 0.00002 | 0.00002
PCB-153 (2.2'4.4'5,5") 0.00002 | 0.00002
PCB-170 (2.2'3,3'44',5) 0.00002 | 0.00002
PCB-180 (2,2'3,4,4',5.,5") 0.00002 |  0.00002
PCB-187 (2,2',3,4',5.5',6) 0.00002 | 0.00002
PCB-195 (2,2'3.3'4.4',5.6) 0.00002 | 0.00002
PCB-206 (2.2'3,3'4,4'5,5.6) 0.00002 | 0.00002
PCB-209 (2,2'3,3'4,4'5,5.6,6) | 0.00002 | 0.00002
Aroclor 1254 0.00002 | 0.00002
Aroclor 1260 0.00002 | 0.00002

1. Toxic Equivalency Factors for PCB congeners for mammals from Safe, S. 1990. Polychlorinated Biphenyls
(PCBs), Dibenzo-p-Dioxins (PCDDs), Dibenzofurans (PCDFs) and related Compounds: Environmental and
Mechanistic Considerations Which Support the Development of Toxic Equivalent Factors (TEFs).

Toxicology 21 (1) 51-88.

2. Toxic Equivalency Factors for PCB congeners for birds from Bosveld, A., J. Gradener, A. Murk,
A. Brouwer, M. van Kampen, E. Evers, and M Van den Berg. 1995, Effects of PCDDs, PCDFs, and
PCBs in common tern (Sterna hirundo ) breeding in estuarine and coastal colonies in the Netherlands
and Belgium. Environmental Toxicology and Chemistry 14 (1) 99-115.
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Table 7-27

ENVIRONMENTAL CONCENTRATIONS (ECs) AND APPLIED DAILY DOSES (ADDs)
FOR BURROWING BIRDS AT THE BULKY WASTE LANDFILL

EC ECq ECy ADDy, ADDy, ADDy,
CPEC mg/kg mg/kg mg/kg mg/kg-d | mg/kg-d | meg/ked
Semi-volatile Organics

Acenaphthene 2.60 0.30 0.66 0.770 0.089 0.195
Anthracene 4.10 0.34 0.73 1.215 0.101 0.215
Benzo(a)Anthracene 11.00 0.49 1.31 3.260 0.146 0.387
Benzo(a)Pyrene 8.60 0.46 1.01 2.548 0.138 0.298
Benzo{b)Fluoranthene 8.50 0.44 0.99 2.519 0.129 0.293
Benzo(g,h,i)perylene 0.52 0.26 0.42 0.237 0.077 0.126
Benzo(k)Fluoranthene 6.50 0.46 1.20 1.926 0.137 0.356
Carbazole 2,50 0.30 0.64 0.741 0.088 0.190
Chrysene 10.00 0.55 1.48 2.963 0.164 0.438
Dibenz(a,h)Anthracene 1.30 0.28 0.51 0.385 0.083 0.150
Fluoranthene 19.00 0.71 2.03 5.630 0.209 0.602
Fluorene 1.90 0.30 0.69 0.563 0.088 0.205
Indeno(1,2,3-cd)pyrene 2.30 0.31 0.56 0.682 0.092 0.166
Phenanthrene 15.00 0.49 1.07 4.445 0.146 0.317
Pyrene 19.00 0.75 1.38 5.630 0.221 0.416
Pesticides

4,4-DDD

4.4-DDE 0.48 0.13 0.11 0.142 0.039 0.032
4,4-DDT 0.89 0.09 0.07 0.264 0.027 0.021
Aldrin 0.18 0.01 0.01 0.053 0.004 0.002
alpha-Chlordane 0.47 0.03 0.02 0.139 0.008 0.007
Dieldrin 0.36 0.03 0.02 0.107 0,010 0.003
Endosulfan 11 0.36 0.03 0.02 0.107 0.009 0.006
Endrin 0.36 0.03 0.02 0.107 0.010 0.005
Endrin aldehyde 0.37 0.04 0.02 0.110 0.012 0.006
gamma-Chlordane 0.50 0.03 0.01 0.148 0.007 0.001

PCBs

TCDD/TEQ

f 3.87E-04

EC, = Environmental concentration calculated as the maximum detected concentration

EC, = Environmental concentration calculated as the upper 95% confidence interval (UCL)
EC, = Environmental concentration using the 95th percentile of the distribution of the data set of the EC value

ADDy, = Applied daily dose (ADD) calculated using the EC(p)
ADDy, = Applied daily dose (ADD) calculated using the EC(a)
ADDy,, = 95th percentile of the ADD calculated using the EC(d) distribution



Table 7-28

ENVIRONMENTAL CONCENTRATIONS (ECs) AND EXPOSURE POINT VALUES

(EPVs) FOR BENTHIC INVERTEBRATES AT THE LANDFILLS SITE

ECy, ECy EPV, EPVy,
CPEC mg/kg mg/kg mg/kg-d | mg/kg-d
Pesticides
2,4-DDD 9.08E-04 | 2.54E-06 | 6.89E-07 | 1.93E-09
2,4-DDE 1.14E-04 | 1.10E-06 | 1.68E-07 | 1.62E-09
2,4-DDT 5.02E-04 | 4.46E-06 | 4.28E-07 | 3.80E-09
4,4'-DDD 1.78E-03 | 2.98E-05 | 1.35E-06 | 2.26E-08
4,4-DDE T 1.90E-03 | 2.98E-05 | 2.82E-06 | 4.41E-08
4,4-DDT 7.25E-04 | 6.29E-06 | 6.18E-07 | 5.35E-09
alpha-BHC 1.96E-05 | 5.21E-07 | 2.46E-06 | 6.56E-08
gamma-BHC (Lindane) | 2.10E-05 | 8.16E-07 | 2.59E-06 | 1.00E-07
alpha-Chlordane 1.86E-04 | 1.41E-06 | 1.51E-07 | L.I5E-09
camma-Chlordane | 1.60E-04 | 8.33E-07 | 1.30E-07 | 6.77E-10
Dieldrin | 7.89E-05 | 8.44E-07 | 3.07E-06 | 3.28E-08
trans-Nonachlor - | 1.10E-04 | 7.25E-07 DG | DG
TCDD/TEQ 8.66E-06 | 5.66E-08 | 2.94E-08 | 1.92E-10

EC, = Environmental concentration calculated as the upper 95% confidence interval (UCL)
EC = Environmental concentration using the 95th percentile of the data set
EPV,,, = Exposure point value (EPV) calculated using the EC,
EPV .y, =95th percentile of the EPV calculated using the ECyy, distribution
DG = Data Gap



Table 7-29

ENVIRONMENTAL CONCENTRATIONS (ECs) AND APPLIED DAILY DOSES (ADDs)

FOR GREEN SEA TURTLES AT THE LANDFILLS SITE

ECq ECy ADD, | ADDy,
CPEC mg/ke mg/kg mg/kg-d mg/kg-d
Pesticides :
2,4-DDD 6.28E-03 | 2.11E-04 | 9.36E-06 | 3.15E-07
2,4-DDT 7.15E-04 | 3.10E-05 | 1.06E-06 | 4.62E-08
4,4-DDD 527E-03 | 5.56E-04 | 7.85E-06 | 8.28E-07
44-DDE | 7.75E-03 | 5.80E-04 | 1.15E-05 | 8.64E-07
44-DDT 1.64E-03 | 7.00E-05 | 2.44E-06 | 1.04E-07
alpha-BHC | 7.81E-04 | 3.92E-05 | 1.16E-06 | 5.83E-08
beta-BHC | 4.61E-04 | 1.58E-05 | 6.86E-07 | 2.36E-08
delta-BHC | 5.41E-04 | 2.24E-05 | 8.06E-07 | 3.33E-08
gamma-BHC (Lindane) 9.46E-04 | 2.12E-05 | 1.41E-06 | 3.16E-08
alpha-Chlordane | 7.52E-04 | 3.35E-05 | 1.12E-06 | 4.99E-08
gamma-Chlordane | 1.82E-03 | 1.94E-04 | 2.71E-06 | 2.89E-07
Dieldrin | 9.30E-04 | 2.96E-05 | 1.38E-06 | 4.41E-08
Endosulfan 11 1.84E-03 | 6.94E-05 | 2.74E-06 | 1.03E-07
Endosulfan sulfate 6.31E-04 | 4.62E-05 | 9.40E-07 | 6.89E-08
Endrin 9.09E-04 | 1.99E-05 | 1.35E-06 | 2.96E-08
Endrin aldehyde | 9.58E-04 | 2.93E-05 | 1.43E-06 | 4.37E-08
Heptachlor C415E-04 | 1.12E-05 | 6.18E-07 | 1.67E-08
Heptachlor epoxide | 5.27E-04 | 3.11E-05 | 7.85E-07 | 4.64E-08
Hexachlorobenzene | 6.48E-04 | 1.21E-05 | 9.66E-07 | 1.81E-08
Methoxychlor | 3.23E-04 | 1.97E-05 | 4.81E-07 | 2.93E-08
Mirex - 4.17E-03 | 4.32E-04 | 6.21E-06 | 6.44E-07
trans-Nonachlor 5.28E-04 | 3.50E-05 | 7.87E-07 | 5.22E-08
PCBs e ] e e -
TCDD/TEQ 1 3.60E-04 | 2.87E-06 | 5.36E-07 | 4.28E-09

EC, = Environmental concentration calculated as the upper 95% confidence interval (UCL)
ECy = Environmental concentration using the 95th percentile of the distribution of the data set
ADD,, = Applied daily dose (ADD) calculated using the EC,.
ADDy,, = 95th percentile of the ADD calculated using the EC, distribution



Table 7-30

ENVIRONMENTAL CONCENTRATIONS (ECs) AND APPLIED DAILY DOSES

(ADDs) FOR GREEN SEA TURTLES AT THE INNER HARBOR

ECq, ECy ADD, | ADD,
CPEC mg/kg mg/kg mg/kg-d mg/ke-d
Pesticides
2,4-DDD 3.59E-03 | 3.03E-04 | 5.35E-06 | 4.51E-07
2.4-DDT 3.02E-03 | 1.19E-04 | 4.50E-06 | 1.77E-07
4,4-DDD 3.45E-03 | 1.00E-04 | 5.14E-06 | 1.50E-07
4,4"-DDE 6.11E-03 | 4.54E-04 | 9.11E-06 | 6.77E-07
4,4-DDT 4.46E-05 | 1.14E-04 | 6.64E-06 | 1.70E-07
alpha-BHC | 1.79E-03 | 8.02E-05 | 2.66E-06 | 120E-07
beta-BHC 1.35E-03 | 6.25E-05 | 2.02E-06 | 9.32E-08
delta-BHC 1.98E-03 | 1.83E-04 | 2.95E-06 | 2.72E-07
gamma-BHC (Lindane)| 1.76E-03 | 9.25E-05 | 2.62E-06 | 1.38E-07
gamma-Chlordane 1.74E-03 | 1.60E-04 | 2.59E-06 | 2.39E-07
Dieldrin | T.49E-03 | 4.87E-05 | 2.21E-06 | 7.26E-08
Endosulfan I 2.60E-03 | 1.73E-04 | 3.87E-06 | 2.58E-07
Endrin aldehyde 1.79E-03 | 1.12E-04 | 2.67E-06 | 1.67E-07
Heptachlor 131E-03 | 2.53E-05 | 1.95E-06 | 3.77E-08
Hexachlorobenzene 5.08E-04 | 1.59E-05 | 7.57E-07 ._2":'37E—_08"
Mirex 1.40E-02 | 1.22E-03 | 2.08E-05 | 1.82E-06
trans-Nonachlor 2.01E-03 | 1.1IE-04 | 3.00E-06 | 1.66E-07
TCDD/TEQ 2.53E-04 | 2.50E-06 | 3.76E-07 | 3.73E-09

ECy = Environmental concentration calculated as the upper 95% confidence interval (UCL)
EC, = Environmental concentration using the 95th percentile of the distribution of the data set
ADDy, = Applied daily dose (ADD) calculated using the ECy,).
ADDyy; = 95th percentile of the ADD calculated using the ECy distribution



Table 7-31
ENVIRONMENTAL CONCENTRATIONS (ECs) AND APPLIED DAILY DOSES (ADDs)
FOR MONK SEALS AT THE LANDFILLS SITE

ECaga | ECumy | ECimsm | ECamy | ADDg | ADDg
CPEC mg/kg meg/kg mg/kg
Pesticides s o o oy i
2,4-DDD © | 1.02E-02 | 7.38E-04 | 7.25E-04 | 2.98E-05 | 7.25E-05 | 6.37E-06
24-DDE | 1.96E-03 | 3.49E-04 | 7.00E-05 | 1.53E-05 | 1.54E-05 | 7.01E-07
2.4-DDT 2.01E-03 | 391E-04 | 3.65E-05 | 1.31E-05 | 1.60E-05 | 5.82E-07
4,4-DDD | 8.42E-03 | 8.33E-04 | 1.15E-03 | 1.01E-04 | 6.16E-05 | 8.59E-06
44-DDE | 5.73E-02 | 2.89E-03 | 2.00E-02 | 5.52E-04 | 4.01E-04 | 1.33E-04
4.4-DDT 17803503 | 5.05E-04 | $.52E-04 | 2.47E-05 | 5.68E-05 | 5.68E-06
alpha-BHC 529E-04 | 2.01E-04 | 5.02E-05 | 6.50E-06 | 4.86E-06 | 4.57E-07
beta-BHC | 1.35E-04 | 1.39E-04 | 8.10E-06 | 2.90E-06 | 1.83E-06 | 9.65E-08
camma-BHC (Lindane)] 1.39E-03 | 1.64E-04 | 1.08E-04 | 8.00E-06 | 1.04E-05 | 1.01E-06
alpha-Chlordane | 1.51E-03 | 2.81E-04 | 9.89E-05 | 1.06E-05 | 1.19E-05 | 8.18E-07
gamma-Chlordane | 6.13E-04 | 4.94E-04 | 122E-04 | 2.81E-05 | 7.37E-06 | 1.27E-06
Endrin 1.85E-04 | 2.32E-04 | 4.70E-06 | 3.90E-06 | 2.78E-06 | 1.24E-07
Heptachlor | 9.25E-05 | 1.12E-04 | 4.20E-06 | 1.70E-06 | 1.36E-06 | 7.53E-08
Heptachlor epoxide | 2.64E-04 | 1.73E-04 | 1.34E-05 | 7.10E-06 | 2.91E-06 | 1.97E-07
Hexachlorobenzene $32E-04 | 1.09E-04 | 7.03E-05 | 1.30E-06 | 4.27E-06 | 5.23E-07
Mirex T 1 1.73E-03 | 3.69E-04 | 1.14E-04 | 1.15E-05 | 1.40E-05 | 8.11E-07
trans-Nonachlor | 3.69E-03 | 2.52E-04 | 325E-04 | 1.05E-05 | 2.62E-05 | 2.22E-06
PCBs BN e e = A e
TCDD/TEQ | 2.12E-04 | 3.19E-05 | 2.70E-06 | 6.00E-07 | 1.62E-06 | 3.60E-08

EC,qsy = Environmental concentration calculated as the upper 95% confidence interval
(UCL) for all fish collected

EC,iy = Environmental concentration calculated as the upper 95% confidence interval
(UCL) for all invertebrates collected

ECyssny = Environmental concentration using the 95 percentile of the data set
for all fish collected

EC4inyy = Environmental concentration using the 95th percentile of the data set
for all invertebrates collected

ADD,,, = Applied daily dose (ADD) calculated using the EC.

ADDyy, = 95th percentile of the ADD calculated using the ECyy distribution



Table 7-32

ENVIRONMENTAL CONCENTRATIONS (ECs) AND APPLIED DAILY DOSES (ADDs)

FOR MONK SEALS AT THE INNER HARBOR

ECutsy | ECumy | ECussmy | ECumy | ADDu | ADDg
CPEC mg/kg mg/kg mg/kg mg/kg mg/ke-d mg/kg-d
Pesticides qolichs o o
2,4-DDD 1.11E-02 | 8.89E-04 | 3.51E-03 | 6.28E-05 | 8.00E-05 | 2.34E-05
2,4 -DDE | 2.84E-03 | 1.11E-04 | 2.59E-04 | 4.52E-06 | 1.96E-05 | 1.73E-06
2,4-DDT 147E-02 | 1.77E-04 | 3.06E-04 | 4.95E-06 | 9.89E-05 | 2.04E-06
44-DDD 1.23E-02 | 7.17E-04 | 3.05E-03 | 2.67E-05 | 8.68E-05 | 2.03E-05
4.4 -DDE C9.11E-02 | 1.21E-03 | 5.62E-02 | 9.10E-05 | 6.1SE-04 | 3.74E-04
4.4-DDT 115E-02 | 120E-04 | 2.43E-03 | 5.24E-06 | 7.76E-05 | 1.62E-05
alpha-BHC | 624E-04 | 123E-04 | 4.44E-05 | 2.86F-06 | 497F-06 | 4.06E-07
beta-BHC " 179.80E-05 | 1.32E-04 | 4.12E-06 | 1.50E-06 | 1.53E-06 | 5.18E-08
delta-BHC 524E-05 | 1.11E-04 | 2.67E-06 | 3.06E-06 | 1.09E-06 | 6.26E-08
gamma-BHC (Lindane)| 1.10E-03 | 1.71E-04 | 2.33E-05 | 3.19E-06 | 8.43E-06 | 3.30E-07
alpha-Chlordane | 2.30E-04 | 9.95E-05 | 1.58E-05 | 3.74E-06 | 2.20E-06 | 1.64E-07
gamma-Chlordane 3.33E-04 | 2.15E-04 | 1.56E-05 | 9.97E-06 | 3.65E-06 | 2.64E-07
Endosulfan [ | 2.59E-04 | 4.12E-04 | 1.76E-05 | 6.42E-06 | 4.47E-06 | 2.77E-07
Endrin | 1.27E-03 | 9.62E-05 | 1.08E-05 | 2.84E-06 | 9.07E-06 | 1.60E-07
Heptachlor 1.92E-04 | 3.49E-05 | 1.99E-06 | 7.21E-07 | 1.51E-06 | 2.87E-08
Heptachlor epoxide | 1.35E-04 | 6.18E-05 | 4.32E-06 | 1.88E-06 | 131E-06 | 6.82E-08
Hexachlorobenzene 1.05E-03 | 4.77E-05 | 1.51E-04 | 9. 97E 07 ) m7m33E-06 1.01E- 06
Mirex 2.15E-05 | 321E-04 | 1.51E-04 | 2.91E-06 | 1.65E-05 1.20E-06
trans-Nonachlor | 6.35E-03 | 3. 29E 04 | 1. 24E-03 | 5.47E-06 4.45E-05 | 824E-06
PCBs T T ,
TCDD/TEQ T 46504 | 150505 | 4.256-06 | 139E-07 | 1.08F-06 | 331E-08

EC, g = Environmental concentration calculated as the upper 95% confidence interval
(UCL) for all fish collected

= Environmental concentration calculated as the upper 95% confidence interval
(UCL) for all invertebrates collected

= Environmental concentration using the 95th percentile of the data set

for all fish collected

= Environmental concentration using the 95th percentile of the data set

Eca(inv)
Ecd(ﬁsh)

ECdinv
for all invertebrates collected
ADDy, = Applied daily dose (ADD) calculated using the EC, for fish and invertebrates.

ADDy, = 95th percentile ADDs calculated with using the ECyy for fish and invertebrates
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Table 7-35

Echinoderm Embryo-Larval Survival and Development Results from Bioassay1

Number | Number Total Average Percent Average
Site Rep| Normal | Abnormal | Number |[% Survival| Normal | % Normal

A 124 13 137 90.5
B 122 8 130 93.8

Control C 141 7 148 100 - 95.3 94.8
D 158 4 162 97.5
E 142 5 147 96.6
A 113 7 120 94.2
B 100 8 108 92.6

MOIMS01S01 | C 100 6 106 100 94.3 90.6
D 95 12 107 88.8
E 105 21 126 83.3
A 105 2 107 98.1
B 168 5 173 97.1

MOIMSO01DO1 | C 137 3 140 100 97.9 97.1
D 106 5 111 95.5
E 120 4 124 96.8
A 88 13 101 87.1
B 93 8 101 92.1

MOIMS01DO1 | C 105 15 120 100 87.5 86.7
D 87 18 105 82.9
E 122 23 145 84.1

1. Complete Bioassay Report is included in Appendix G.




Table 7-36

Chemical Concentrations Detected in the Sediment Bioassy Elutriate Samples

CONCENTRATION (ug/L)

ANALYTE MCI85 |  MCI86
'ARSENI 3.3 ND
CADMIUM 0.66 1.8
CALCIUM 416,000 415,000
COPPER .. [T 7.5 7.2
JRON 103 ND
LEAD B s 15
MAGNESIUM 1,370,000 1,360,000
NICKEL 3.9 3.8
POTASSIUM 513,000 509,000
SILVER 2 1.8
SODIUM ’ 11,400,000 | 11,500,000
VANADIUM o
ZINC
ORGANIC S
ACENAPHTHEN 0.0013 0.0013
ALPHA-BHC - 0.0002 0.0014
BIS(2-ETHYLHEXYL)PHTHALATE 1.6 0.37
DELTA-BHC 0.0008 0.0011
MIREX ©0.00074 0.00086
NAPHTHALENES, C2-alky 0.003 0.0044
PCB8 0.0016 ND
PCB-28 0.00025 ND
PCB-101 0.0004 0.00036
PCB-153 0.0034 0.0028
PCB-170 0.0051 0.0026
PCB-180 0.0034 0.0025
PCB-187 ©0.0024 0.002

ND = Not Detected



Table 7-37

TOXICITY QUOTIENTS (T(Qs) AND PROBABILITY OF RISK TO
BURROWING BIRDS AT THE BULKY WASTE LANDFILL

TQuq

CPEC TQy,) TQ 50% | 95%
Semi-volatile Organics L "
Acenaphthene .
Anthracene o B 0.00
Benzo(a)Anthracene R 0.01 0.00
Benzo(a)Pyrene 0.14 0.01 )
Benzo(b)Fluoranthene . 0.32 0.03
—Benzo(g,h,i)perylene <0.01 <0.01 <0.01
Benzo(k)Fluoranthene h 2.68 019 0.02
Carbazole 0.15 0.02 <0.01
Chrysene 2,99 017 0.02
Dibenz(a,h)Anthracene 0.3 C0.08 0.01
Fluoranthene 0.38 001 | <001
Fluorene 028 0.04 001
Indeno(1,2,3-cd)pyrene 0.95 0.13 0.01
Phenanthrene 1.97 0.07 0.01
Pyrene 073 003 | <001
4,4-DDD .
44-DDE | 0.98 0.02 0.80
4,4‘—DDT 0.09 ~<0.01 0.07
Aldrin <0.01 <0.01 <0.01
alpha-Chlordane <0.01 <0.01 <0.01
Dieldrin <0.01 | <0.01 <0.01
Endosulfan II <0.01 <0.01 <0.01
Endrin 009 | <001 0.05
Endrin aldehyde 0.11 <0.01 0.05
gamma—Cﬁlordanew : <0.01 <0.01 <0.01
PCBs o &
TCDD/TEQ 0.59

TQg, = Hot spot toxicity quotient
TQqy = Reasonable maximum exposure toxicity quotient

TQ = Distribution of toxicity quotients; 50% and 95% probability of a site-wide risk



Table 7-38
TOXICITY QUOTIENTS (TQs) AND PROBABILITY OF RISK TO
BENTHIC INVERTEBRATES AT THE LANDFILLS SITE

TQ(d)

CPEC TQu) 50% | 95%
Pesticides
24-DDD | 164 <0.01 0.01
2,4-DDE 0.17 <0.01 <0.01
24-DDT | 043 <0.01 | 001
44-DDD | 321 <0.01 | 005
44DDE | 282 <0.01 0.04
44-DDT | oe <001 | <001
alpha-BHC | 001 | <001 | <001
gamma-BHC (Lindane) |  0.03 <0.01 | <001
alpha-Chlordane | 0.04 | <0.01 <0.01
gamma-Chlordane | 003 | <001 | <0.0l
Dieldrin ] 162 | 002
trans-Nonachlor | DG DG
pcps
TCDD/TEQ | 294 0.02

TQuy = Reasonable maximum exposure toxicity quotient
TQqy = Distribution of toxicity quotients; 50% and 95% probability of a site-wide risk



Table 7-39
TOXICITY QUOTIENTS (TQs) AND PROBABILITY OF RISK TO
GREEN SEA TURTLES AT THE LANDFILLS SITE

TQu

CPEC TQu) 50% 95%
Pesticides ’
2,4-DDD <0.01 <0.01
2,4-DDT <001 | <0.01
4.4-DDD <0.01 | <0.01
4,4-DDE <0.01 | <001 | <001
44-DDT <0.01 | <0.01
alpha-BHC 1 <001 | <001 | <o
beta-BHC <0.01 | <0.01
delta-BHC <0.01 | <0.01
gamma-BHC (Lindane)| <0.01 | <001
alpha-Chlordane <0.01 <001
gamma-Chlordane <0.01 | <0.01
Dieldrin <0.01 <0.01
Endosulfan II <0.01 | <001 | <
Endosulfan sulfate <0.01 | <001 |
Endrin <0.01 | <0.01
Endrin alvcriéﬁl‘lyde <0.01 | <0.01
Heptachlor <0.01 | <0.01
Heptachlor epoxide <0.01 | <001 |
Hé)lééhlorobenzene <bbT | <001
Moo o e T Tl sy s e
Mirex <001 | <0.01
trans-Nonachlor <0.01 | <0.01
PCBs o
TCDD/TEQ <0.01

TQ, = Reasonable maxiumum exposure toxicity quotient
TQu, = Distribution of toxicity quotients; 50% and 95% probability of a site-wide risk



Table 7-40

TOXICITY QUOTIENTS (TQs) AND PROBABILITY OF RISK TO
MONK SEALS AT THE LANDFILLS SITE

TQ)

CPEC TQqu 50% 95%
Pesticides
2,4-DDD <0.01 <0.01 <0.01
2,4-DDE <0.01 <0.01 <0.01
2,4-DDT <0.01 <0.01 <0.01
44'-DDD <0.01 <0.01 | <0.01
4,4-DDE <0.01 <0.01 | <0.01
44-DDT <0.01 - <0.01 <0.01
alpha-BHC <0.01 <001 | <00l
beta-BHC <0.01 <0.01 <0.01
gamllla—BHC (Lindane) <0.01 <001 | <001
alpha-Chlordane <0.01 <0.01 <0.01
gamma-Chlordane © <001 <0.01 <0.01
Endrin <0.01 <0.01 <001
Heptachlorw ~<0.01 <0.01 <0.01
Heptachlor epoxide <0.01 <0.01 <0.01
Hexachlorobenzene <0.01 <0.01 <001
Mirex <0.01 <0.01 <001
trans-Nonachlor <0.01 <0.01 <0.01
PCBs o b
TCDD/TEQ 1.62 <0.01 0.04

TQq, = Reasonable maximum exposure toxicity quotient

TQq = Distribution of toxicity quotients; 50% and 95% probability of a site-wide risk



Table 7-41
TOXICITY QUOTIENTS (TQs) AND PROBABILITY OF RISK TO
GREEN SEA TURTLES AT THE INNER HARBOR

CPEC
Pesticides
24.DDD | <0.01 <0.01
24-DDT <0.01 <0.01
4,4-DDD | <001 <0.01 7
4,4-DDE | <001 | <001 |
4,4'7—7DﬁlA)wT» I <0.01 <0.01
alpha-BHC | <0.01 <0.01
e e
dela-BHC | <0.01 <0.01
gamma-BHC (Lindane) <0.01 <0.01
gamma—Chlordanem“" <(.01 <0.01 _
Dieldrin | <0.01 <0.01
Endosulfan] | <0.01 | <0.01
Endrin aldehyde | <0.01 <0.01
Heptachlor | <001 | <0.01
Hexachlorobenzene | <0.01 <0.01
Mirex | <0.01 <0.01
trans-Nonachlor |  <0.01 <0.01 |
PCBs ' . N
TEBOES e oy

TQ, = Reasonable maximum exposure toxicity quotient
TQq, = Distribution of toxicity quotients; 50% and 95% probability of a site-wide risk .



Table 7-42
TOXICITY QUOTIENTS (TQs) AND PROBABILITY OF RISK TO
MONK SEALS AT THE INNER HARBOR

CPEC

Pesticides L

2,4-DDD | <001 <0.01 <0.01
2.4-DDE <0.01 <0.01 <0.01
2,4-DDT | <001 <0.01 <0.01
4,4-DDD ] <001 <0.01 | <0.01
zIZ' DDE | <00l <0.01 <0.01
Zfzi' DDT | <001 | =001 | <001
alpha'E_H_Cm_"'_m"'m' 1T <001 <001 <001
beta-BHC | <00l <0.01 <0.01
delta-BHC | <0.01 <0.01 <0.01
gamma-BHC (Lindane) | <0.0] <0.01 | <0.01
iﬁlia Chlordane | <001 | <001 | <001
gamma- Chlordane . <0.01 <0.01 | <0.01
Endosulfan 1 <001 <0.01 <0.01
Endiin | <001 <001 | <0.0l
Heptachlor |  <0.01 <0.01 <0.01
”I:I_e_zﬁéchlox epoxxde - <0.01 <0.01 | <0.01
He\arhlorobenzene 1 <001 <001 | <0.01
'Mue\ <001 <0.01 <0.01
trans Nonachlox I <0.01 <0.01 | W<'6.01¥7
PCBs [ o i
TCDD/TEQ o 1.08 <0.01 0.03

TQq, = Reasonable maximum exposure toxicity quotient

TQ = Distribution of toxicity quotients; 50% and 95% probability of a site-wide risk
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SECTION 8
CONCLUSIONS AND RECOMMENDATIONS

This section presents the conclusions reached about each site after evaluating all the field
and analytical data collected during the RI and considering the results of the BERA. The

recommendations pertaining to a particular site immediately follow the conclusions.
8.1 TERRESTRIAL ENVIRONMENT

To facilitate collection of subsurface soil samples, twenty trenches and 26 test pits were
excavated at the BWLF within a 450,000 square foot sampling grid compartmentalized
into 20, 150-foot square cells. One sampling trench was randomly located within each
150-foot square cell for a total of 20 trenches. Based on the total area of the BWLF, the
20 sampling locations within the square grid created an estimated 90% statistical
probability of encountering a “hot spot” with a radius of 85 feet or greater. Forty-four
subsurface soil samples (including four duplicate samples) were collected from the
trenches and analyzed for SVOCs and organochlorine pesticides/PCBs using USEPA CLP
methods. An additional 46 soil samples (including three duplicate samples) were collected
from the test pits and analyzed for PCBs using immunoassay field test kits.

One ground-water sample was collected from each of the five existing monitoring wells at
the BWLF and chemically analyzed for low-level SVOCs, organochlorine pesticides, and
PCBs by NOAA Status and Trends Methods.

8.1.1 BWLF: Conclusions

The subsurface investigation at the BWLF revealed only nonhazardous metallic and
nonmetallic debris. No evidence of leaky drums or containers or other potential sources

of hazardous materials was encountered,

Analytical data indicate that detectable levels of SVOCs, organochlorine pesticides, and
PCBs are present in the subsurface soils at the BWLF, possibly as a result of past disposal
activities. Based on the results of the BERA, the site-wide risk of an adverse effect on
burrowing birds is negligible (TQ, and TQ, less than 1). However, a low to moderate
risk (TQg greater than 1 but less than 10) to burrowing birds was identified from the

maximum concentrations of the following CPECs onsite: benzo(a)pyrene,

1-1019-0136 8-1
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benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, phenanthrene, endrin aldehyde,
PCBs, and 4,4’-DDE.

Detectable concentrations of SVOCs, pesticides, and PCB congeners in ground water
were on the order of parts per trillion or less. Because ground water on Midway is not
extracted or used for any purpose, these CPECs are not considered to present a risk to
human receptors. A dye trace study performed at the BWLF indicated little or no
discharge of ground water from the BWLF to the surrounding marine environment, This
information coupled with the concentrations detected indicate that these CPECs are
unlikely to present a risk to ecological receptors.

8.1.2 BWLF: Recommendations

Based upon evaluation of preliminary field and analytical data, it was recommended that
the BWLF be covered with at least 2.5 feet of clean soil to reduce the possibility of an
adverse effect to burrowing birds from the maximum concentrations of the CPECs
detected in soils onsite. The cover was installed as recommended during late 1996 in
order to take advantage of the time of minimal seabird activity onsite. This soil cover
should reduce the possibility that burrowing birds would contact soil within the landfill
(they burrow to a maximum depth of about 3 feet). Revegetation of the soil cover is
currently underway. No further investigation or action is recommended.

8.2 MARINE ENVIRONMENT

Conclusions and recommendations regarding the two marine investigation sites, Landfill
and Inner Harbor, are presented below. Marine sampling stations adjacent to the Landfill
and in the Inner Harbor were established in sampling grids. Landfill grid cells were
approximately 650 feet by 650 feet, while the Inner Harbor grid cells were about 540 feet
by 540 feet. These grid locations were chosen to both maximize spatial coverage of the
Landfill and Inner Harbor sites, and include potential sources of contaminants (e.g.,
marine debris and sewer outfalls).

During the RI, 18 sediment samples, including 2 duplicates, were collected from the
Landfill and reference sites; no sediments were sampled in the Inner Harbor. An
additional 2 sediment samples, including 1 duplicate, were collected at Landfill Grid 01 for

toxicity testing (bioassay). Seven seawater samples, including one duplicate, were
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collected from the Landfill sites; five seawater samples, including one duplicate, were
collected from the Inner Harbor; and three seawater samples, including one duplicate,
were collected from the reference sites. Ninety-six tissue samples, including 12 duplicates,
were collected from the Landfills, Inner Harbor, and reference sites during the RI. Marine
samples were submitted for chemical analysis for low-level Organochlorine Pesticides and
PCBs using NOAA Status and Trends Methods.

In general, the observed overall trend at marine sampling sites was an increase in pesticide
and PCB concentrations up the food chain, from seawater to algae to herbivorous fish and
from sediment to benthic invertebrates to camnivorous fish. The observed increase is

attributed to bioaccumulation of these compounds.
8.2.1 Landfills Site: Conclusions

The highest concentrations of most analytes in all media were collected from Grids 01 and
02 adjacent to the northeast corner of the BWLF. The BERA indicated that site-wide
TQ values for benthic invertebrates, monk seals, and sea turtles were less than 1 for all
of the CPECs. This risk estimate is supported by the negative toxicity results for the
bioassay of the sediment sample containing the highest concentrations of CPECs. This
suggests, therefore, that the assessment endpoints for no adverse effects to benthic
invertebrate communities, green sea turtles, and monk seals will likely be met. Even
though low to moderate risks to seals and benthic invertebrates were identified for some
of the CPECs at the reasonable maximum exposure, the risk of site-wide adverse effects
on target receptors was negligible on the basis of CPEC concentrations; this conclusion is

supported by the bioassay results and lack of observable signs of toxicity onsite.

Overall, concentrations of PCB and 4,4’-DDE in the marine environment do not appear to
be directly related to those detected in the subsurface soil and ground water at the BWLF.
While subsurface soil concentrations of total PCBs were highest at the north end of the
BWLF, the highest total PCB concentrations in ground water were reported at the south
end of the BWLF. On the basis of this evidence and the low solubility and high sorption
coefficients of PCBs and DDE, it appears unlikely that the BWLF is the source of the

contamination found in the marine environment,

The large amount of underwater debris within Grids cells 01, 02, and 08 are suggested as

a possible contaminant source. A marine debris removal project completed in August
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1996 focused on removing potential sources from these areas and the rest of the Landfill
Site. Following this removal, PCB concentrations in seawater in Grid 01 were an order of
magnitude lower during the 1996 sampling after this removal than during the 1994
sampling. Tissue and sediment concentrations did not drop markedly; however, PCBs and
pesticides are persistent compounds, and concentrations in the system may take a year or
more to leave the system. This is based on a half life in soil for the similar compound,
dioxin of 1.15 to 1.62 years (Howard et al. 1991), and half lives in rainbow trout for
several PCB congeners that range from 670 to 1,000 days (Niimi and Oliver 1983). No
sediment or surface water half lives were available for PCBs.

8.2.2 Landfills Site: Recommendations

Because the underwater debris that could contain potential contaminant sources has been
removed, and because the BERA identified negligible risk to ecological receptors, no

further investigation or action is recommended for the marine environment at the Landfills.
8.2.3 Inner Harbor: Conclusions

The assessment endpoints for no adverse effects to monk seals and green sea turtles in the
Inner Harbor are expected to be met. Negligible risks to seals and turtles were identified
in the site-wide risk assessment. However, a low risk to seals was identified for the
reasonable maximum exposure of PCBs to seals (TQg = 1.03). This is the result of
elevated PCB concentrations in herbivorous fish in the Inner Harbor.

No clear patterns of analyte distribution were identified in the Inner Harbor. The highest
values for PCBs in invertebrates and herbivorous fish, and the highest values for 4,4’-DDE
in algae and herbivorous fish were reported for samples collected in Grid 01, located near
the southwest corner of the harbor close to an outfall known to contain petroleum
product. The second highest concentration of total PCBs in algae were also reported for
samples obtained in this grid. This outfall is scheduled to be sealed. Petroleum product
present in storm drain lines leading to it will be removed and the lines cleaned to minimize
recontamination. Additionally, the potential source area of petroleum product (Area 354)
is currently undergoing remediation. A marine debris removal project completed in
August 1996 focused on removing potential contaminant sources from the Inner Harbor
Site.
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8.2.4 Inner Harbor: Recommendations

The underwater debris that could contain potential contaminant sources has been removed
and potential contamination originating from the Inner Harbor outfall will be remediated
with the sealing of the outfall and the cleaning of the storm line. Because the BERA
identified negligible risk to ecological receptors, no further investigation or action is

recommended for the marine environment in the Inner Harbor.
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