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EXECUTIVE SUMMARY - - 

The New River system is an important resource to Marine Corps Base (MCB), Camp Lejeune and 

the general public. The estuary is used for many purposes including recreational activities and 

commercial fishing. MCB, Camp Lejeune takes a pro-active stance to ensure that none of the 

activities related to base operations cause an adverse impact to the surrounding environment. 

In the interest of maintaining a healthy ecosystem, the base has completed an aquatic assessment in 

a section of the river known as Stone Bay. The investigation was completed to address potential 

impact to the bay from ongoing operations at the Stone Bay Rifle Range. In particular, concerns 

were expressed as to the effect of spent ammunition on the aquatic environment. This study has 

evaluated the potential impact of copper and lead from spent ammunition at the rifle range on the 

aquatic environment. 

Prior to initiating this detailed study, a previous investigation was completed by CH2M Hill during 

the summer of 1998. The CH2M Hill study entailed the collection of surface water and sediment 

samples which were analyzed for metals. The results of this study indicated that metal 

concentrations were below screening criteria established for the protection of aquatic species, 

suggesting that operations at the rifle range have not had an adverse impact upon ecological 

receptors in Stone Bay. Although the 1998 CH2M Hill study suggested that range operations had 

not negatively impacted the bay, it was felt that a more rigorous study be undertaken in Stone Bay 

to ensure that the range is not posing a risk to the aquatic environment. 

Therefore, as a follow-up to the investigation completed by CH2M Hill, Baker Environmental 

completed the aquatic assessment presented herein. This assessment was performed using guidance 

established by the United States Environmental Protection Agency (USEPA) and included the 

collection of sediment and shellfish species. The shellfish for this study included: clams, mussels, 

and oysters. Sediment and shellfish were collected from locations within the safety fan portion of 

Stone Bay (referred to as the study area). The sediment and shellfish tissue were analyzed in the 

laboratory for copper and lead concentrations. 
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In addition to the sediment and shellfish samples collected within the study area, sediment and 

shellfish were collected from two areas within the bay outside the rifle range safety fan. These 

reference areas were selected to represent background conditions within the New River. The 

reference area information was used for comparative purposes to distinguish between baseline 

conditions within the New River system and the study area. 

Sediment collected in the study area was evaluated in three ways: 1) detected copper and lead 

concentrations were compared with USEPA Region IV sediment screening values for the protection 

of benthic species, 2) detected copper and lead concentrations were compared to reference area 

sediment concentrations, and 3) detected copper and lead concentrations were evaluated in aquatic 

receptor models. 

Shellfish tissue collected from the study area also was evaluated in three ways: 1) detected copper 

and lead concentrations were compared with concentrations detected in nationwideNational Oceanic 

and Atmospheric Administration (NOAA) Status and Trend studies, 2) detected copper and lead 

concentrations were compared to reference area benthic tissue concentrations, and 3) detected 

copper and lead concentrations were evaluated in aquatic receptor models. 

Aquatic receptor models were used in this study as another tool to assess the detected concentrations 

of copper and lead in the sediment and shellfish samples. These aquatic receptor models are 

USEPA-accepted, mathematically-generated models that represent different species of animals 

potentially inhabiting the area that may ingest sediment and shellfish within the bay. The great blue 

heron and the mink were the receptor models selected for this assessment. The models use species- 

specific ingestion rates in conjunction with site-specific sediment and shellfish copper and lead 

concentrations to determine potential risks to the specified animal. 

Two versions of the models were calculated for the original aquatic assessment: a worst case and 

a more realistic version; however, based on continued concern of potential risk to the heron, an 

additional best approximation model was prepared. The additional great blue heron model 

represents a site-specific version of the model. Details ofthe site-specific heron model are presented 

in the memorandum included as Attachment F. 
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, 

Results from the Stone Bay aquatic assessment are summarized below. These conclusions are based 

upon previous data collected, site-specific data obtained in January 1999, USEPA-accepted methods, 

and relevant scientific literature. 

. The contaminants of concern from the rifle range, copper and lead, were detected 

below conservative sediment screening values, indicating that the shellfish 

communities within the study area are not adversely impacted by rifle range 

activities. 

. Both copper and lead were detected below reference concentrations among oyster 

tissue samples and only slightly greater than reference concentrations in the clam 

and mussel tissue samples. 

. A qualitative comparison of copper and lead concentrations to literature values 

suggests that there is no difference in copper and lead concentrations between the 

study area and literature values. 

. The results of the heron and mink models indicate that there are no risks present to 

these animals greater than the risks present in reference areas. 

. No risk was indicated in the site-specific heron model. 

Results from this aquatic assessment indicate no significant differences between study area and 

reference area ecological conditions. An evaluation of sediment samples, biota tissue samples, and 

results of the ecological receptor models indicate no harmful effects from copper and lead 

concentrations to shellfish inhabiting Stone Bay. Models of animals eating the shellfish 

demonstrated a slight risk to the great blue heron in the study area as well as in the reference areas. 

These results prompted preparation of a site-specific great blue heron model for the Study Area. The 

results of the site-specific model indicated no risks to the heron; therefore, no comparison to the 

reference areas was necessary. 

ES-3 



1.0 INTRODUCTION 

This document presents the analytical results and findings from an aquatic assessment of Stone Bay 

at Marine Corps Base (MCB) Camp Lejeune, North Carolina. The report has been prepared by 

Baker Environmental, Inc. (Baker) for the Atlantic Division, Naval Facilities Engineering Command 

(LANTDIV) and MCB, Camp Lejeune. 

1.1 General Description 

Located in Onslow County, North Carolina, MCB Camp Lejeune is the host to six Marine Corps 

commands and two Navy commands. The entire facility includes approximately 236 square miles 

and is located within the generally flat, Atlantic Coastal Plain. As shown in Figure I- 1, MCB, Camp 

Lejeune is bisected by the New River which flows in a southeasterly direction and forms a large 

estuary before entering the Atlantic Ocean. Stone Bay is part of the large estuary formed by the New 

River. 

1.2 Purpose 

This aquatic assessment of Stone Bay has been performed to address concerns regarding the 

possible impact of ongoing operations at the Stone Bay Rifle Range. Specifically, that copper and 

lead present in spent ammunition from the rifle range, may be impacting the aquatic environment 

of Stone Bay. Two factors have brought about the concerns: (1) the rifle range fan, which delineates 

the area of projectile impact, extends into a portion of Stone Bay, and (2) the rifle range does not 

employ target backstops or projectile recycling; therefore, a portion of the total number of projectiles 

enter the bay during range operations. 

The purpose of this investigation is to determine the potential impact of copper and lead in spent 

ammunition, on the aquatic environment. Analytical results from the sampling effort have been 

used to conduct a semi-quantitative ecological risk assessment on the aquatic habitat of Stone Bay. 

The portion of Stone Bay located within the rifle range fan, which is referred to as the “study area” 

throughout this report, was of primary concern during the project planning phase and during 

preparation of this report. 
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This aquatic assessment focuses upon the potential of copper and lead, to impact benthic organisms 

(i.e., organisms living in or on the bottom of a water body) within the study area. The target benthic 

organisms for this study are oysters, clams, and mussels. The target organisms were selected 

because of the following characteristics: 

. The organisms are sedentary; therefore, they are constantly exposed to the surface water and 

sediment within the study area. 

. The-organisms represent an important intermediate trophic level in the aquatic food chain. 

. Each of the target organisms are known to inhabit Stone Bay. Several planting sites 

managed by the state ofNorth Carolina are located adjacent to the study area. The areas are 

used by commercial fisherman to harvest oysters and clams. 

. Oyster, clams, and mussels are known to be sensitive to contamination. 

Note: Further details of the selectedspecies arepresented in Section 2.0. 

The aquatic assessment contained in this report consists of sediment and biota tissue analyses of 

target organisms obtained from five sampling locations within the study area and from two reference 

sampling locations. The reference locations are not expected to be impacted by rifle range activities. 

Copper and lead concentrations detected in the sediment have been compared to sediment screening 

values developed for the protection of benthic species. The concentration of copper and lead in 

sediment samples collected from the study area have also been compared with concentrations in 

sediment obtained from the reference stations. The biota tissue samples collected from the study 

area have been compared to the biota tissue samples collected from the reference stations. In 

addition, copper and lead tissue samples have been compared to literature residue values for 

concentrations that are typical nationwide. 
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2.0 SPECIES PROFILES 

The following sections present a brief description and profile of each target organism used in the 

aquatic assessment of Stone Bay. 

2.1 Hard Clam (Mercenaria mercenaria) 

The hard clam, or Quohog is found from the Gulf of St. Lawrence in Canada throughout the Gulf 

of Mexico to Texas. Hard clams are abundant from Virginia to Massachusetts and support isolated 

breeding communities above Cape Cod. They occur throughout the South Atlantic in estuaries from 

the intertidal zone to a water depth of 15 meters or more (NCDENR, 1997). 

Hard clams support an important commercial fishery along the Atlantic coast. Among the species 

of clams harvested in the United States, hard clams yield the highest dollar value, and are exceeded 

only by surf clams and ocean quohogs, in kilograms of meats harvested. The harvest value of hard 

clams in North Carolina increased significantly from 197 1 to 1995. The sustained increase may be 

attributed to a rise in both price and landings over that time frame. Annual dockside value reached 

an all time peak in 1987, with a nominal value of approximately $8.4 million. Expressed in constant 

dollars (i.e., removing the effects of inflation by using consumer price index values from 1982 - 

1984), the value of hard clams rose 1,789% from 1971 to the peak in 1987, then declined 44% 

between 1987 and 1995. Most of the decline can be attributed to a decrease in the number of 

mechanical harvest fisheries and closure of many harvest areas due to red tide in 1988. With respect 

to gear used by clammers for harvesting, during the period 1979 - 1993, hand harvesting accounted 

for 69% of the total production. Prices received by fisherman vary by different sizes, or grades, of 

hard clams. In general, the average price for hard clams has increased from 1 cent per clam in 197 1 

to 13 cents per clam in 1995 (NCDENR, 1997). 

Hard clams live in the substrate with the long shell axis 25 “-45 ’ from vertical. The average depth 

at which clams live is 2 centimeter (cm) in sand and 1 cm in mud; smaller clams burrow deeper than 

large clams. Horizontal movement of adult clams is limited and the distance traveled is generally 

correlated with clam size, smaller clams being more active (Eversole, 1987). 
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Suspension feeding bivalves, such as the hard clam, obtain food by filtering suspended particulate 

matter and absorbing dissolved organics from the water. Water enters through the ventral inhalant 

siphon, passes through the gills to an exhalent cavity and out the forsal exhalent siphon. Food 

particles suspended on the inhalant surface of the gills are sorted and passed to the gill edges and 

moved to the anterior of the labial palps (Eversole, 1987). 

Crabs appear to be the major predators of the hard clam in the South Atlantic region. The blue crab 

is probably the most destructive predator among crabs; mud crabs and stone crabs prey less on hard 

clams (Eversole, 1987). 

Temperature has been considered the most important environmental requirement in determining the 

time of spawning, because a certain degree of gonad ripeness or maturation must be attained before 

hard clams can respond to specific spawning stimuli. The hard clam has been found growing in 

waters of 4 parts per thousand (ppt) to over 35 ppt salinity, but growth is optimal at 24 - 28 ppt. 

Native clam beds are known to occur at salinities of 10 - 28 ppt in North Carolina. Dissolved oxygen 

concentrations of 6.8 - 7.4 milligrams per liter (mg/L) are recommended for successful culture ofthe 

hard clam and are critical to the larval life stages. Adult hard clams encounter a wide range of 

dissolved oxygen (DO) concentrations and have evolved several metabolic mechanisms to handle 

such conditions. The hard clam usually lives in well-buffered areas; however, pH may decrease 

below 7.0 Standard Units (S.U.) in tide pools and estuaries with poor circulation, heavy siltation, 

pollution, and hydrogen sulfide production. Substrate type and the degree of sorting appears to be 

an important factor influencing the setting of hard clam larvae. It has been observed in the 

laboratory that hard clams prefer to set in sand rather than in mud. Adult hard clams occur most 

frequently in sandy bottoms with shells (Eversole, 1987). 

2.2 Little Black Mussel (MuscuZus niner) 

Mussels have a wide range of habitat and are found from the Arctic Ocean to North Carolina. They 

are most diverse in eastern North America. They spend their entire life partially or wholly buried 

in mud, sand, or gravel in permanent bodies of water. Mussels prefer salinity ranging from 0 ppt 

to 35 ppt. The vast majority of species are found in streams, but a few are present in ponds or lakes. 

Although they can be found in almost any type of stream bottom, mussels are usually absent from, 

or rare in, areas of shifting sand or deep silt (FMM, 1999). The shells of mussels are thin and oval 

2-2 



shaped. The beak of the mussel is located close to the front end. They have rather prominent 

radiating lines at both ends with a relatively smooth area at the center of each valve. Mussels 

typically are a deep brownish black color with a rusty brown peristracum and a pearly white interior. 

The mussel moves from place to place using its foot as a prehensile organ and spinning a new byssus 

(mass of filament used for attachment) when a satisfactory situation has been found (Morris, 1973). 

Mussels attach to plant stems, rhizomes, stones, or shells by means of their byssus (White C.P., 

1997). 

Mussels continuously pump water through their bodies filtering food from the incoming tide. The 

foodconsists of detritus, which is organic matter found on the stream or lake bottom, and plankton, 

composed of microscopic plants and animals suspended in the water. Water enters via the incurrent 

or branchial siphon and exits via the excurrent or anal siphon (FMM, 1999). 

Mussels are long-lived, with many species living more than 10 years and some reported to live more 

than 100 years. In many species, the surface of the shell has distinct black lines or ridges, which are 

believed to represent winter rest periods. The rest periods, or growth rings, are often used to 

estimate the age of a mussel. Mussels are an important food source for many animals, including 

muskrats, minks, otters, fishes, and some birds (FMM, 1999). 

Mussels are one of the most endangered groups of animals in North America. Surveys conducted 

over the past few decades have documented significant declines in mussel populations across North 

America. Among the factors thought to be responsible for the declines are over harvest; siltation of 

habitat from agriculture, poor land management, channelization, and impoundments; competition 

from exotic species such as the zebra mussel; and pollution by herbicides, pesticides, and other 

chemicals (FMM, 1999). 

2.3 American Oyster (Crassostrea virainica) 

The American oyster, also referred to as the eastern oyster or the common oyster, plays a valuable 

role in the estuaries of North Carolina because its colonization of bottom lands creates a productive 

habitat, and the animal itself is harvested as a food item. The commercial oyster fishery is one of 

the most valuable seafood industries in the nation. Oyster production in 1991 was valued at $98 

million, which represents about 3% of the $3.3 billion dockside value of the U.S. commercial 
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seafood industry. Oyster production in North Carolina during 199 1 ($1.2 million) comprised 1.8% 

of the total state commercial edible seafood production of $66.8 million. The average price per 

pound of dockside oyster meat harvested in North Carolina during 1991 was $3.35; above the 

national average of $3.08. Nationally, oysters are among the top ten species in annual harvest value, 

as well as in price per pound (NCDENR, 1995). 

The American oyster may be found in coastal areas from the Gulf of St. Lawrence in Canada 

throughout along the eastern seaboard. The American oyster may also be found in the Gulf of 

Mexico, the Bay of Campeche, Mexico and throughout the West Indies. Optimum salinity range for 

the species falls between 10 and 28 ppt, although oysters may be found in salinities as low as 5 ppt 

and as high as 32 ppt. Salinities of less than 10 to 12 ppt can prevent larval setting even though adult 

oysters may continue to exist. Low levels of DO may also cause mortality of set oysters. Adult 

oysters can survive for several days when DO concentrations are less than 1 .O mg/L, but survival 

times vary inversely with temperature. Although water temperature may affect larval development 

and is important in the annual growth and development of parasites, it only directly affects oyster 

stocks in extreme cases. Oysters can tolerate ambient water temperatures from 1” to 36” C 

(NCDENR, 1997). 

Oysters are dioecious, (having male reproductive organs in one individual and female in another) 

but have the ability to change sexes once each year. Formation of eggs and sperm is stimulated by 

increasing water temperatures during spring. Fertilized eggs develop through trochophore and 

veliger larval stages over a period of two to three weeks. Larvae can migrate vertically in the water 

column and may be able to maintain their position in the estuary by avoiding certain temperature or 

salinity changes. Oyster larvae have been known to travel at least 30 miles. Dispersion of the larvae 

is largely dependent upon prevailing currents and flushing rates of estuaries. As the larval stage 

ends, oysters must locate a suitable attachment point or perish. Oyster growth is highest during the 

first six months after setting and gradually declines throughout the life of the oyster 

(NCDENR, 1997). 

Gastropods, primarily oyster drills, are among the most destructive oyster predators. Another 

predator, blue crabs can readily consume up to 19 oysters per day. Of the fish that are known to feed 

on oysters, perhaps the most impressive is the black drum. Oysters up to 112 millimeters (mm) in 

length have been consumed by large drum (i.e., drum over 90+ cm in length). Other fish that 
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consume oysters, include Atlantic croaker, spot, toad fish, and sheepshead. In addition the cownose 

ray has been found to prey on oysters as well (NCDENR, 1997). 

Petroleum products, heavy metals, pesticides, chlorine, and detergents can negatively impact oyster 

populations. The increased use of these organic compounds and metals in and around suitable 

estuaries has been shown to adversely impact oysters (NCDENR, 1997). 

The most critical habitat areas for oyster populations are the oyster beds or rocks which form by the 

accumulation of oyster shells over the course of many years. Significant concentrations of oysters 

can also be found on outcropping of fossil shell bed%. hard clam and bay scallop shells also on 

exposed roots. Rock jetties, sea walls, and pilings also contribute to oyster habitat 

(NCDENR, 1995). 
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3.0 INVESTIGATION ACTIVITIES 

This section presents analytical results and findings from investigations conducted at Stone Bay by 

CH2M Hill during 1998 and Baker 1999. Findings from this aquatic assessment are based upon the 

field investigation conducted by Baker in January 1999. The section that follows defines reference 

stations used for comparison in the study and identifies the individual tasks completed as part of the 

January 1999 field investigation at Stone Bay. In general, the study utilizes biota (i.e., benthic 

species) and sediment samples collected from within the rifle range fan area of Stone Bay. Biota 

samples were collected, identified, measured, weighed, and recorded during the field investigation. 

Field photographs are included in Attachment A as additional site information. Each sample station 

was field surveyed using Global Positioning System (GPS) technology. Sediment samples were 

collected from approximately the same depths and locations as the benthic samples. Sediment 

analytical results were used to correlate the concentrations of metals in the sediment to 

corresponding tissue analytical results. 

The subsections that follow provide details regarding the sampling strategy, established criteria, and 

quality control procedures. 

3.1 Previous Investipation 

During the summer of 1998, surface water and sediment samples were collected in the Stone Bay 

area of the New River at MCB, Camp Lejeune (CH2M Hill, 1998). This investigation was 
. 

conducted as part of a baseline evaluation of the New River in support of the construction of the new 

advanced wastewater treatment facilities at the base. Surface water and sediment samples from five 

locations in Stone Bay were collected and analyzed for metals. Surface water samples were analyzed 

for total and dissolved metals and sediment samples were analyzed for total metals, total organic 

carbon (TOC), percent solids, acid volatile sulfide, and grain size. The analytical results of copper 

and lead detected in the surface water are presented in Table 3- 1 and sediment is presented in Table 

3-2. A complete report of the analytical results are presented in the CH2M Hill letter report 

contained within in Attachment B. Water quality parameters, which are provided in Table 3-3, were 

also collected at the time of this study. The locations of the sampling points are depicted in Figure 

3-l. 
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The results of the initial study were compared to sediment screening values developed for the 

protection of aquatic species. As shown on Table 3-2, in each case, concentrations observed in the 

sediment were below the established screening criteria, suggesting that the operations at the rifle 

range have not had a significant impact upon ecological receptors in Stone Bay. As a follow-up to 

the preliminary sediment and surface water investigation, this investigation jncludes a tissue study 

of benthic species to provide a more thorough evaluation of the potential impact of copper and lead 

from the rifle range on aquatic receptors and the habitat of Stone Bay. 

3.2 Aauatic Assessment Field InvestiPation 

The subsections that follow describe the field investigation activities conducted during January 1999 

as part of the Aquatic Assessment of Stone Bay. 

3.2.1 Reference Stations 

As a part of the January 1999 investigation, two areas were used as reference stations. The reference 

stations are areas that are ecologically similar to the study area (i.e., habitat, species potentially 

present, salinity, substrate type), but that are most likely not impacted by rifle range activities. The 

reference stations provide information regarding naturally occurring metals and the existence of any 

regional metal contamination, independent of the rifle range. The locations of the reference samples 

are shown in Figure 3- 1. 

Samples obtained from the reference stations were used for a qualitative comparison ofthe analytical 

data obtained from the study area to determine significant differences in the sediment and biota 

tissue between the study area and the ecologically similar reference area. 

3.2.2 Study Area Reconnaissance 

Prior to commencement of sampling activities in January 1999, the study area was reviewed with 

range personnel and Environmental Management Division (EMD) personnel to discuss general 

operations and proposed sampling methods and locations. Additional topics of discussion included, 

time of work on-site, site access points, verification that the reference stations selected were 

appropriate for this study, and formulation of a general overview of the surrounding habitat. During 
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the preliminary activities, the exact benthic species to be collected were determined. The target 

species were oysters, clams, and mussels. Several organisms were collected and examined to 

determine the size range available. 

32.3 Water Quality Measurements 

Prior to the collection of biota and sediment samples, depth of water and water quality parameters 

were measured. At each sampling station, surface water was measured for pH, specific conductance, 

temperature, salinity, turbidity and dissolved oxygen. All readings were measured in-situ by 

submerging a probe to the appropriate depth. Themeasurements were recorded on field data sheets 

during site operations and later tabulated. The results of these measurements are provided in 

Table 3-4. 

3.3 Sediment Sampling 

Sediment samples were collected from approximately the same depths and locations as biota 

samples. In general, the sediment samples were collected from a depth of approximately zero to six 

inches below the surface of the sediment. 

A total of seven sediment samples was collected during the investigation. Five of the samples were 

collected within the study area of Stone Bay and two samples were collected from the reference 

locations. Figure 3- 1 depicts the locations of each of the sediment samples. Figure 3-2 provides a 

detailed illustration of the study area and sampling locations. Each sediment sample was visually 

classified in the field to determine general soil type. Each of the sediment sampies was analyzed for 

Target Analyte List (TAL) metals. Sediment characteristic analyses (i.e., grain size and TOC) were 

not performed on the samples obtained within the study area because similar information was 

obtained during the 1998 sampling event (CH2M Hill, 1998). Sediment obtained from the two 

reference stations were analyzed for grain size, Atterberg limits, and TOC to ensure that similar 

substrate conditions had been utilized. Substrate conditions at the reference stations are similar to 

what was observed in the study area, however the sediment sample collected from reference station 

RF-SD02 exhibited some clay. Results of the copper and lead sediment analyses are provided on 

Table 3-5. In general, the substrate material within the study area is comprised of varying amounts 

of silt and sand. The bottom material is comprised of mostly sand in the central portion of the study 
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area and in the area near sediment sample SB-SD0 1. More fine material was observed near station 

SB-SD02 near the entrance of Stone Creek. 

Each sediment sample was collected using a stainless steel sediment corer with a dedicated acetate 

sleeve. The samples were collected by manually pushing the sediment corer into the river bed and 

extracting an appropriate volume of sediment. The sample was transferred directly from the acetate 

sleeve of the sediment corer to a laboratory-prepared glass container. 

3.4 Biota Samuling 

The locations of the biota sampling stations were based upon the availability of benthic species in 

the area. Because the benthic species collected were shellfish (oysters, clams, and mussels), the 

sampling stations coincided with locations of shellfish beds to ensure an adequate sample volume 

was obtained. 

A total of 14 biota composite samples was collected during this investigation, comprised of different 

biota species from seven sample locations. Five of the samples were collected from within the study 

area of Stone Bay and two samples were obtained at the reference locations. Each biota composite 

sample consisted of several individual organisms to meet the weight requirements of the laboratory 

analytical procedures. Figures 3- 1 and 3-2 depict the locations of each biota sample. As shown in 

Figure 3-2, shellfish were not present in the central portion of the study area. The substrate material 

observed in this portion of the study area was entirely comprised of a thick layer of small sticks, 

branches, and roots. It is assumed that this layer of organic debris may inhibit the species from 

populating this area. It was noted by the commercial fisherman hired to assist during the biota 

collection, that the debris observed in the central portion of Stone Bay may be due to the fact that 

fishermen typically do not harvest shellfish in this area due to range operations. During normal 

shellfish harvesting, the methods used to collect species frequently remove debris from the bottom. 

The collection of biota samples was conducted with the assistance of a commercial shell fisherman 

who is familiar with the New River. Biota samples were obtained using boat-mounted rakes, tongs, 

and grab samplers. The biota samples were collected in accordance with Guidance for Assessing 

Chemical Contaminant Data for Use in Fish Advisories Volume I Fish and Sampling Analyses 

(USEPA, 1993). 
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Each of the biota samples was analyzed for TAL metals and percent lipids. Table 3-5 presents the 

results of clam tissue copper and lead analyses and Tables 3-7 and 3-8 provide a summary of copper 

and lead analytical results for mussel and oyster tissue samples, respectively. Results are presented 

for both the study area and the designated reference stations. A complete listing of the analytical 

results is provided in Attachment B. Form I’s associated with the analytical results are contained in 

Attachment C. 

3.5 Sample Station Surveying 

Each sampling station was surveyed using a global positioning system. Spatial data were collected 

using code signals from satellites and then were differentially corrected with exact time interval data 

from a known base station. The resulting data yields point accuracies within the submeter (i.e., less 

than 40 to 75 centimeters) range. Upon differential correction, spatial data were exported into 

existing data files to produce the appropriate figures. 

3.6 Sample Prenaration 

Sediment samples were taken directly from the sediment corer device and placed into laboratory 

prepared sample jars. Each jar was properly labeled and sealed and the samples were kept on wet 

ice prior to and during shipment to the analytical laboratory. 

Biota samples were analyzed via a tissue composite method. Individual organisms were cornposited 

to acquire 20 to 30 grams of tissue sample for metal analyses. Each benthic organism collected was 

measured and weighed individually. The exterior shells of each benthic organism were scrubbed and 

rinsed with deionized water to remove the sediment and prevent possible cross contamination. The 

organisms intended for each composite sample were placed in a labeled, reclosable, freezer bags 

with the shells left intact. The samples were shipped on ice to the analytical laboratory. Upon 

receipt, the benthic samples were shucked and composite samples were formulated prior to chemical 

analysis of the tissue samples. 
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3.7 Oualitv Assurance 

The purpose of Quality Assurance (QA) is to establish internal means for data generation and review 

to ensure that the work performed is completed at the highest professional standard. The objectives 

of the QA program include the following items: 

. To generate data in accordance with procedures appropriate for the intended data use. 

. To obtain data of sufficient quality to meet reasonable scientific scrutiny. 

. To obtain data of acceptable precision, accuracy, completeness, representativeness, and 

comparability as required by the project. 

The fundamental mechanisms that were employed to achieve the quality goals can be categorized 

as prevention, assessment, and correction where: 

. Prevention of errors occurs through planning, following documented instructions and 

procedures, and careful selection of trained personnel. 

. Assessment of all QA sampling reports furnished by the laboratory. 

. Correction of noted conditions adverse to data quality. 

3.7.1 Data Quality Objectives 

Data quality objectives (DQOs) are qualitative or quantitative statements developed by the datausers 

to specify the quality of data needed from a particular data collection activity. The DQOs are 

expressed in terms of precision, accuracy, representativeness, completeness, comparability and 

uncertainty; which are defined as follows: 

. Precision - A measure of mutual agreement among individual measurements of the same 

property, usually prescribed similar conditions. Precision is usually expressed in terms of 
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the standard deviation, however, various measures of precision exist depending upon the 

prescribed conditions. 

. Accuracy - The degree of agreement of a measurement or an average of measurements, X, 

with an accepted reference or true value, T, expressed as the difference between the two 

values, X-T. Accuracy is a measure of the bias in a system. 

. Renresentativeness - Expresses the degree to which data accurately and precisely represent 

a characteristic of a population, parameter variations at a sampling point, a process 

condition, or an environmental concern. 

. Completeness - A measure of the amount of the valid data obtained from the measurement 

system compared to the amount that was expected under normal conditions. 

. Comnarabilitv - Expresses the confidence with which one data set can be compared with 

another. 

. Uncertainty - The likelihood of all types of errors associated with a particular decision. 

DQOs are intended to help develop sampling and analytical strategies designed to support the 

objectives of this assessment. DQOs define the level of certainty in the data that is acceptable for 

this assessment. The variables associated with sampling and analysis contribute to some level of 

uncertainty in any datagenerated. The objectives ofthis study included keeping the total uncertainty 

within an acceptable range. To achieve this objective, specific data quality requirements such as 

detections limits have to be specified. The expected detection limits of media were provided to the 

laboratory to ensure this requirement was met. 

The data collected during this assessment was used to assess the following items: 

. Identify the presence or absence of metals based upon the samples collected. 

. Assess potential bioaccumulation of metals in aquatic receptors. 
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. Determine the potential impacts, if any, to the aquatic environment from metals that may be 

the result of ongoing range operations. 

The DQOs for the aquatic assessment of Stone Bay have been met through several methods. 

Sediment samples collected within the study area and reference stations. were analyzed using 

standard Contract Laboratory Procedures (CLP) typically used for environmental samples collected 

at MCB, Camp Lejeune. The quality control standards for trace metals undergoing CLP analyses 

are provided in Attachment D. Biota sample analyses employed the use of a Standard Reference 

Material (SRM), a method commonly used by marine scientists in the analysis of tissue samples. 

This is a proven method prepared by the National Institute of Standards and Technology (NIST) and 

is described in the Certificate of Analysis (SRM I566a for Oyster Tissue) provided in Attachment D. 

The SRM is used for calibrating instrumentation and validating methods for the chemical analysis 

of marine bivalve tissue. The SRM gives acceptance ranges of elemental concentrations. In some 

cases, these acceptance ranges may not be met using the standard CLP type digestion and analysis. 

In such cases, the analysis includes a Laboratory Control Sample (LCS) to establish the remaining 

acceptance ranges and percent recoveries. The SRM and LCS will be used to ensure proper 

digestion procedures, analyses, and reporting of the tissue sample results. 
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4.0 AQUATIC ASSESSMENT 

The section that follows provides a qualitative and quantitative evaluation of aquatic samples 

collected from within the study area. This assessment provides risk-based conclusions that address 

whether ecological risks to the aquatic environment are the result of copper and lead detected in the 

sample media. The methodology used in the assessment is provided first (Section 4. l), followed by 

the actual results of the applied methods (Sections 4.2 through 4.5). 

4.1 Methods 

The methodologies used in this evaluation mirror the procedures outlined in the Ecological Risk 

Assessment Guidance for Superfund (USEPA, 1997) and the Guidelines for Ecological Risk 

Assessment (USEPA, 1998). This aquatic assessment was conducted using a qualitative and 

quantitative analysis of sediment, clam tissue, mussel tissue, and oyster tissue collected from Stone 

Bay within the study area. The aquatic environment was evaluated using the following methods: 

. Comparison of the study area sediment concentrations to Region IV sediment screening 

values (SSVs). 

. Comparison of study area sediment concentrations to reference area sediment 

concentrations. 

. Comparison of study area tissue concentrations to literature values for nationwide 

concentrations detected in shellfish tissue. 

. Comparison of study area tissue concentrations to reference area tissue concentrations. 

. Calculation of aquatic species receptor models for species potentially inhabiting Stone Bay 

that may ingest surface water, sediment and shellfish from the study area. 
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The following information provides a detailed description of the methods used to assess the aquatic 

environment. 

4.1.1 Comparison to Sediment Screening Values 

Sediment values were used to select ecological contaminants of concern (ECOC) in samples 

collected from the study area. Concentrations detected above an SW were retained as ECOCs in 

this assessment. The SSVs used in this assessment were obtained from the Supplemental Guidance 

to RAGS: Region 4 Bulletins - Ecological Risk Assessment (USEPA, 1995). The sediment values 

presented in this document were derived from statistical interpretation of effects reported in 

literature for direct toxicity. The values were derived from marine environment studies; however, 

freshwater environment studies may also have been used. In addition to Region IV sediment values, 

effects-range low (ER-L) and Effects-range median (ER-M) values (Long et al., 1995) were used to 

assess the sediment collected from Stone Bay. 

Concentrations detected below the ER-L/SSV represent a minimal effects range (i.e., effects that 

would rarely be observed). Concentrations above the ER-L/SSV, but below the ER-M represent a 

possible effects range (i.e., effects that would occasionally be observed). Concentrations detected 

above the ER-M present a probable-effects range (i.e., effects that would frequently be observed). 

Hazard quotients (HQs) were calculated for each detected inorganic. The HQs represent the 

magnitude by which a contaminant exceeds an SSV. The HQs for this assessment were calculated 

by dividing the maximum detected sediment concentration by the lowest SSV available for that 

metal. An HQ calculated above one represents a potential risk to the aquatic environment from 

concentrations of that contaminant. 

4.1.2 Comparison to Benthic Literature Values 

Literature values established for copper and lead concentrations in benthic tissue were used to 

qualitatively assess the concentrations detected in the benthic tissue obtained from the study area. 

The literature values represent body burden residues detected in benthic species that have been 

demonstrated to impact the health of the organism itself (Irwin, 1997aD997b). Maximum and mean 

concentrations found in biota tissue collected as a part of the National Oceanic and Atmospheric 

Administration (NOAA) Status and Trends Studies (1990) were used for comparative purposes. 
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4.1.3 Comparison of Study Area Results to Reference Area Results - 

The ranges of detected concentrations in the sediment, clam, mussel, and oyster samples collected 

from the study area were directly compared to the range of detected concentrations in corresponding 

samples collected from the reference areas. Two reference locations were sampled during this 

investigation; however, not every shellfish specie was found at each proposed location (See Section 

3.4). 

A comparison of copper and lead concentrations found within the study area to reference 

concentrations was used to select the ECOCs for the benthio organisms. Reference concentrations 

were used as selection criteria because there are no specific screening values established for the 

protection of the target organisms. 

4.1.4 Ecological Receptor Models 

Ecological receptor models were used to evaluate potential risks to higher trophic levels in the 

aquatic food chain. Potential risks posed to prey species from ingestion of surface water, sediment, 

and benthic species from within the study area were evaluated in the models. Sediment and benthic 

analytical results obtained during the field investigation and surface water analytical results from 

the previous CH2M Hill study (see Section 3.1) were used as input values for the receptor models. 

Two species were selected for modeling: the great blue heron and the mink. A summary of life 

history information for the modeled species is presented in Attachment E. 

Several different versions of the receptor models were calculated. The differences in the versions 

reflect the conservatism incorporated within the models. The most conservative models used the 

maximum detected concentrations compared with toxicity dose concentrations found to have no 

adverse effects. The comparative toxicity dose concentrations are referred to as no-observed 

adverse-effects levels (NOAELs). The least conservative models used arithmetic means of the 

detected concentrations compared to toxicity dose concentrations found to have the least observed 

effects to the species or a similar species. The comparative least effects toxicity doses are referred 

to as lowest-observed-adverse effects levels (LOAELs). The comparative NOAEL and LOAEL for 

copper and lead concentrations used in the receptor models calculated for this assessment are 
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presented on Table 4-l. A summary of the studies from which these numbers are based on is 

presented in Attachment E. 

The ecological receptor models and the assumptions made within the models are presented in the 

sections that follow. 

4.1.4.1 Recentor Model Hazard Ouotients 

The HQ method was used to estimate potential risks to ecological receptors within the study area. 

This method compares exposure concentrations with ecological endpoints such as reproductive 

failure or reduced growth. The following equation was used to calculate HQs: 

Hazard Quotient = Maximum Exposure / Mean Exposure Concentration 
NOAEL / LOAEL 

Where: 

Mean Exposure Concentration = 

Maximum Exposure Concentration = 

NOAEL = 

LOAEL = 

Arithmetic Mean Concentration Calculated 

Maximum Concentration Detected 

No Observed Adverse Effect Level 

Lowest Observed Adverse Effect Level 

An HQ equal to or greater than one indicates that exposure to the particular metal has the potential 

to cause adverse effects to the species. An HQ less than one indicates that the metal is not expected 

to cause adverse effects to the species. The greater the HQ, the greater the magnitude of potential 

risk to the species; however, for this assessment, any HQ greater than one was evaluated as a 

potential risk. 

4.1.4.2 Receptor Model Assumptions 

This aquatic assessment evaluates exposure to contaminants through food, water, and incidental 

ingestion of sediment. The following assumptions were made during preparation of the aquatic 

models calculated for this study: 
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. Maximum concentrations and arithmetic mean concentrations were used to represent site- 

wide concentrations in the receptor model calculations. 

. A biota to soil/water/sediment accumulation factor (BSAF) of 1 was assumed for the 

vegetation, invertebrates, fish, and small mammals. 

. Copper and lead were assumed to be 100 percent bioavailable. 

. Because toxicity values could not be found for the specific receptor species, values reported 

for closely related species were used. 

. If chronic NOAEL values were not available for copper and lead, LOAEL values were used. 

A factor of 10 was used to convert reported LOAEL values to NOAEL values. If several 

toxicity values were reported for a receptor species, the most conservative value was used 

in the risk calculations regardless of the toxic mechanism. Toxicity values obtained from 

long-term feeding studies were preferable to those obtained from single dose oral studies. 

. Some doses were originally reported as part per million contaminants in a diet. These were 

converted to daily intakes (in units of mg/kg-day) by using the following formula: 

Daily Intake (mg/kg-day) = ECOC Dose (mg/kg diet) x Ingestion Rate (kg/day) x l/Body 

Weight (kg) 

Dietary toxicity levels for species were converted to a daily dose based on body weight. For the 

ecological assessment, incidental sediment ingestion was also included in the calculation to 

determine the total daily intake for the receptor species. This daily dose was then used to evaluate 

the risk to other species if no specific toxicity data were available for a target receptor. 

4.1.5 Uncertainties 

As with any such ecological assessment, this investigation of Stone Bay is subject to uncertainties. 

Uncertainty exists in several steps of the process including: correlation of tissue concentrations to 
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adverse effects to species, study of lead in shellfish, use of screening levels, and the use of 

ecological receptor models. 

4.1.5.1 Correlation of Tissue Concentrations to Adverse Effects in Species 

There is uncertainty associated with correlating tissue concentrations to adverse effects on benthic 

species. Tissue concentrations do not infer adverse effects; however, tissue data has been used for 

qualitative evaluation of copper and lead. 

4.1.5.2 Study of Lead in Shellfish 

Uncertainty is associated with the study of rifle range contaminants of concern, specifically lead. 

Lead, when taken into living organisms, reacts similar to calcium and will most likely mineralize in 

bones, or in this case, the shells of the organism. However, it is recognized that organisms from 

polluted areas can build up substantial concentrations of lead in muscle tissue. 

4.1.5.3 Screening Levels 

Potential adverse impacts to aquatic receptors from contaminants in the sediments were evaluated 

by comparing sediment concentrations to SSVs. These SSVs have uncertainty associated with them 

because the procedures for developing them are not as established as those used in developing water 

screening values. In addition, sediment type (pH, acid volatile sulfide, total organic carbon) also has 

a significant impact on the bioavailability and toxicity of contaminants. The SSVs were developed 

using data obtained from freshwater, tidal freshwater, and marine environments. Therefore, their 

applicability in evaluating potential effects to aquatic organisms from contaminants in marine 

habitats introduces uncertainty due to differences in the toxicity of individual contaminants to 

freshwater and saltwater organisms and the bioavailability of contaminants in the two aquatic 

systems. 

4.1.5.4 EcoloPical Receptor Models 

There are some differences of opinion found in the literature as to the effectiveness of using 

ecological receptor models to predict concentrations of contaminants found in ecological species. 
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The food chain models currently used incorporate simplistic assumptions that may not represent 

conditions at the site, bioavailability of contaminants, or site-specific behavior of the receptors. 

In some instances, NOAEL values were not found in the literature. If NOAEL values were not 

reported, then LOAEL values were used to calculate a NOAEL. A LOAEL was divided by a factor 

of ten to obtain NOAEL values. There is uncertainty in this calculation of NOAELs; however, the 

uncertainty most likely errs on the conservative side. 

Doses in toxicological studies are typically reported in units of mg of contaminant/kg diet, or in units 

of mg contaminant/kg body weight/day. All doses reported as mg/kg in diet were converted to units 

ofmg/kg-body weight/day. If body weights were reported for the test animals in a given study, these 

values were used for making this conversion. Otherwise, the body weight and ingestion rate for the 

species reported in other literature sources were used. 

There is uncertainty associated with some of the toxicity values derived from a single species. 

Prediction of ecosystem effects from laboratory studies is difficult. Laboratory studies cannot take 

into account the effects of environmental factors which may add to the effects of contaminant stress. 

NOAELs were generally selected from studies using single contaminant exposure scenarios. 

There is uncertainty in the total daily intake models used to evaluate a reduction of receptor 

populations or sub-populations. Many input parameters are based on default values (i.e., ingestion 

rates) that may or may not adequately represent the actual values of the parameters. In addition, 

there is uncertainty in the level to which the indicator species will represent other species potentially 

exposed to copper and lead concentrations at the site. 

4.2 Sediment Evaluation 

As presented in Table 4-2, sediment ECOCs within the study area were identified by a comparison 

of detected concentrations to SSVs. If a concentration exceeded an SSV, the inorganic was retained 

as a sediment ECOC. Reference area sediment concentrations are also presented in Table 4-2 for 

comparative purposes. 
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Study area sediment concentrations of copper and lead were detected below SSVs, indicating no 

potential risks to aquatic receptors from sediment concentrations. Therefore, no ECOCs were 

identified in the sediment collected from the study area. Sediment concentrations of copper and lead 

detected in the CH2M Hill study (see Section 3.1) were similar to concentrations detected during 

this investigation. 

4.3 Benthic Tissue Evaluation 

Three species were evaluated for this aquatic assessment: the hard clam, little black mussel, and the 

American oyster. Life history information for these species is provided in the profiles presented in 

Section 2.0. As discussed in Section 3.4, two species per sampling station were proposed for 

analysis. However, due to conditions in the field, two of the same species were not available from 

every location within the study and reference areas. Two species were collected from every 

sampling station; however, the two species are not the same at every station. Benthic tissue from 

the study area was analyzed by comparison to reference area tissue concentrations. 

Tissue concentrations detected among clam, mussel, and oyster samples were compared to reference 

concentrations. The following sections present the ECOCs identified in each of the species based 

upon the reference comparison. 

4.3.1 Clam Tissue 

Table 4-3 presents copper and lead detected in the clam tissue collected from the study area and the 

ECOCs selected. Copper and lead were detected slightly above reference area tissue concentrations 

and retained as clam ECOCs. It is noted that the clam tissue evaluation is based on one composite 

sample collected from the study area. A clam sample was only collected from one station in the 

study area, most likely due to the low salinity in this portion of Stone Bay (see Section 3.2.3). 

4.3.2 Mussel Tissue 

Table 4-4 presents copper and lead detected in the mussel tissue collected from the study area and 

the ECOCs selected. Copper and lead concentrations in mussel tissue were above reference station 
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concentrations and retained as mussel ECOCs. The mussel comparison of study area tissue to 

reference area tissue is based on one composite sample collected in the reference areas. 

4.3.3 Oyster Tissue 

Table 4-5 presents the concentrations of copper and lead detected in oyster tissue collected from the 

study area compared to concentrations detected in the reference areas. The concentrations from the 

study area were below reference concentrations; therefore, no ECOCs were identified for the oyster 

species in this assessment. 

4.4 Qualitative Beuthic Evaluation of Copper and Lead Concentrations 

Tables 4-6 and 4-7 present qualitative comparisons of the copper and lead concentrations 

(respectively) detected in the oyster and mussel tissue versus literature values. No literature values 

for the clam were available. The literature values are NOAA Status and Trends Studies (1990) 

(Irwin, 1997a and Irwin, 199713). Study area oyster concentrations were below literature copper 

values. Study area mussel concentrations only slightly exceed literature copper values. 

The study area oyster and mussel tissue lead concentrations only slightly exceed the maximum 

literature values. Reference oyster tissue concentrations also exceed the literature value for lead. 

This qualitative comparison does not show a significant difference between study area copper and 

lead concentrations and nationwide NOAA Status and Trends concentrations. 

4.5 Ecolopical Receptor Models 

Ecological receptor models for the heron and mink were calculated with site-specific concentrations 

from the study area. As discussed in Section 4.1.4, receptor models were calculated for ECOCs 

identified in sediment, oyster, clams, and mussels. Table 4-8 presents a summary of the ECOCs 

identified per sample media. Data input into the receptor models included surface water, sediment, 

and biota tissue. It is noted that although no ECOCs were identified in the sediment and oyster 

samples collected from the study area, copper and lead concentrations from these media were 

evaluated in the receptor models. Only the concentrations detected in one ofthe biota species could 

be used in the model. Therefore, to remain conservative, the highest ECOC concentration for the 
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three different benthic species was used to represent biota. The input values and receptor models 

are presented in Attachment E. The following paragraphs present the results of both the conservative 

and less conservative versions of the receptor models. 

The most conservative receptor models, maximum concentrations and NOAEL values are presented 

in the NOAEL columns in Table 4-9. Sediment and biota concentrations of copper and lead resulted 

in HQs greater than one in the two receptor species. Surface water concentrations were also 

incorporated into the models; however, due to the low ingestion rates, surface water does not provide 

a significant effect to receptor risk. The highest risks (HQs greater than IO) to the receptor species 

were identified in the heron due to copper concentrations (HQ = 44) and in the mink due to copper 

(HQ = 13) and lead concentrations (HQ = 20). 

The least conservative receptor models, mean concentrations and LOAEL values, are presented in 

the LOAEL columns in Table 4- 10. The only HQ over one was calculated for copper in the heron 

model (HQ = 3), indicating only a slight potential for risk to the heron. 

Table 4- 11 presents results from the least conservative receptor models calculated using reference 

area sediment and tissue concentrations. Risks due to copper concentrations were higher in the 

reference area receptor models than the risks identified in the study area. The reference receptor 

models were calculated to demonstrate that areas considered to be unimpacted by the rifle range 

produced greater risks to the receptor species from sediment and tissue concentrations of copper and 

lead, indicating that the rifle range is not posing any adverse risk to the existing aquatic habitat 

within the bay. 
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5.0 SUMMARY OF FINDINGS 

The purpose of this assessment was to determine the potential impact of copper and lead from the 

spent ammunition, upon the aquatic environment of Stone Bay. A summary of the results from the 

aquatic assessment presented in Section 4.0 is provided below. 

5.1 Sediment Evaluation 

The contaminants of concern from the rifle range, copper and lead, were detected below conservative 

sediment screening values, indicating that the benthic macroinvertebrate communities within the study 

area are not adversely impacted by rifle range activities. The detections and comparison to screening 

values are presented in Table 4-2 and discussed in detail in Section 4.2. These data indicate no 

adverse impact due to exposure to copper and lead in the study area. 

5.2 Biota Tissue Evaluation 

As presented on Tables 4-3 through 4-5 and discussed in Section 4.3, study area tissue concentrations 

versus reference area tissue concentrations suggest the following inorganics were elevated for each 

of the identified species: 

. Hard Clam: copper and lead 

. Little Black Mussel: copper and lead 

. American Oyster: none 

The contaminants of concern from rifle range activities were identified as copper and lead. Both 

copper and lead were detected below reference concentrations among oyster tissue samples and not 

significantly greater than reference concentrations in the clam and mussel tissue samples. In addition, 

the qualitative comparison of copper and lead concentrations to literature values suggests that there 

is no significant difference in copper and lead concentrations between the study area and literature 

values. A majority of the highest inorganic concentrations among mussel and clam tissue samples 

were detected in the sample obtained from the edge of the rifle range fan, SB-MU04-99A. 
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5.3 EcoloPical Receptor Models 

Mean inorganic concentrations and LOAEL values were used to calculate the following HQs used 

to assess potential risks to receptor species from consuming sediment and biota within the study area. 

An HQ greater than one indicates a potential risk to the receptor species. 

. Great Blue Heron - copper and lead resulted in HQs above one. Reference concentrations 

demonstrated similar risks to the heron from concentrations of copper and lead. The results 

of the heron model indicate that there are no significant risks above the risks present in 

reference areas. 

. Mink - No risk to the mink model was demonstrated in the least conservative receptor 

models. It is noted that a slight risk from copper was calculated in the reference mink 

model. 

5.4 Conclusion 

This assessment was conducted to determine whether rifle range contaminants of concern (copper 

and lead) are adversely impacting the aquatic habitat within the identified study area within Stone 

Bay. This assessment was conducted in accordance with the methodologies presented in Ecological 

Risk Assessment Guidance for Suuerfund (USEPA, 1997) and the Guidelines for Ecological Risk 

Assessment (USEPA, 1998). Data used to assess the study area included sediment, clam tissue, 

mussel tissue, and oyster tissue analyzed for copper and lead concentrations. The assessment used 

data collected from reference areas within Stone Bay identified to be unimpacted by rifle range 

activities. The reference area data were used for comparative purposes to determine whether 

potential contamination is site-related or the result of regional conditions within the bay. 

Results from this assessment indicate no significant differences between study area and reference 

area ecological conditions. An evaluation of sediment samples, biota tissue samples, and results of 

the ecological receptor models indicate no deleterious effects from the potential contaminants of 

concern, copper and lead, to benthic organisms inhabiting Stone Bay. 
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TABLE 3-1 

CH2M HILL ANALYTICAL DATA - SURFACE WATER METAL RESULTS 
STONE BAY AQUATIC ASSESSMENT, CTO-0100 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Analyte 
Copper 
Lead 

Trip Blank CLMSWSBlOl 
Units Total Diss. Total Diss. 

P&n 0.08 0.03 0.71 0.62 
, pg/L ND ND , 0.22 

Sampling Stations 
CLMSWSB201 CLMSWSB301 

Total Diss. Total Diss. 
0.88 0.61 -0.91 0.61 

CLMSWSB401 
Total Diss. 
1.53 0.86 

CLMSWSB501 
Total Diss. 
0.95 0.58 

W.Q. Stds 
Aquatic Life 

3 (AL) 
ND 0.415 ND 0.437 ND 0.926 ,ND 0.641 ND 25 (w 

ND = Not Detected 
AL = Values represent action levels as specified in 15A NCAC 2B.0220 
N = See 15A NCAC 2B.0220 for narrative description of limits. 
pg/L = microgram per liter 
W.Q. Stds = Water Quality Standards 



TABLE 3-2 

CH2M HILL ANALYTICAL DATA - SEDIMENT METAL RESULTS 
STONE BAY AQUATIC ASSESSMENT, CTO-0100 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Analyte 
Copper 
Lead 

Sampling Stations NOAA Guidelines 
Units CLMSDSBlOl CLMSDSB201 CLMSDSB301 CLMSDSB401 CLMSDSB501 ER-L ER-M 
m&g ND 18 5.7 15 ND 70 390 
m&3 1.5 12 4 3.5 3.5 35 110 

Notes: 

mg/kg = milligram per kilogram 
NOAA = National Oceanic and Atmospheric Administration 
ER-L = Effects range - low 
ER-M = Effects Range - median 
ND = Not Detected 



TABLE 3-3 

CHZM HILL WATER QUALITY MEASUREMENTS 
STONE BAY AQUATIC ASSESSMENT, CTO-0100 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Sample Depth Latitude Longitude Sample Temperature SPC Cond Salinity DO DO Depth pH ORP 

ID (feet) Position (N) W) Depth (C”) (m&m) (mskm) (ppm) (%) (mg/L) (feet) (S.U.) (mv) 
Bottom: 31.57 16.98 19.02 9.86 123.1 8.58 3.78 8.42 183.9 

SB-101 Total: 4’9” Initial: 34” 36’ 49.576” 77’ 26’ 18.704” Middle: 31.64 16.79 18.87 9.77 127.1 8.86 2.30 8.48 186.5 
Secchi: 1’8” Final: 34” 36’ 49.705” 77’26’ 19.168” Surface: 31.67 16.45 18.52 9.55 127.9 8.93 1.22 8.50 188.6 

Bottom: 31.47 17.24 19.41 10.08 121.0 8.45 3.46 8.44 232.1 
SB-201 Total: 4’4” Initial: 34” 36’ 42.566” 77’ 26’ 44.15 1” Middle: 31.54 17.05 19.20 9.96 122.5 8.54 2.10 8.48 233.5 

Secchi: 1’6” Final: 34’ 36’ 42.539” 77” 26’ 44.164” Surface: 31.55 17.21 19.37 10.00 122.6 8.54 0.93 8.49 234.7 
SB-301 Total: 3’6” Initial: 34” 36’ 39.766” 77’ 26’ 42.329” Bottom: 31.35 17.07 19.14 9.96 120.4 8.40 2.53 8.43 208.6 

Secchi: 1’2” Final: 34” 36’ 39.050” 77’26’ 43.261” Surface: 31.49 17.00 19.06 9.91 123.4 8.62 0.98 8.47 210.1 
SB-401 Total: 2’ Initial: 34’ 36’ 33.365” 77” 26’ 37.203” Surface: 31.95 16.26 18.42 116.10 8.07 9.45 1.017 8.47 234.3 

Secchi: 1’ Final: 34” 36’ 33.336” 77’ 26’ 36.763” 
SB-50 1 Total: 2’4” Initial: 34” 36’ 19.066” 77’ 26’ 20.169” Surface: 32.35 16.08 18.32 9.31 110.6 7.62 0.99 8.41 234.7 

I Secchi: 1’ I Final:1 34’ 36’ 19.240” I 77” 26’ 20.141” I 11 I IIIII 

Notes: 

ID = Sample Identification 
N = North 
W = West 
Secchi = Se&hi disk measurement 
SPC = Specific Conductance 
m&m = milliohms per centimeter 
Cond = Conductivity 
ppm = parts per million 
mg/L = milligram per liter 
S.U. = Standard Units 
DO = Dissolved Oxygen 
ORP = Oxidation-Reduction Potential 
mV = millivolts 
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TABLE 3-4 

WATER QUALITY MEASUREMENTS 
STONE BAY AQUATIC ASSESSMENT, CTO-0100 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Sample Depth 1 Temperature 1 Cond Salinity 1 DO PH I 

Notes: 

ID = Sample Identification 
m&m = milliohms per centimeter 
Cond = Conductivity 
ppt = parts per thousand 
mg/L = milligram per liter 
S.U. = Standard Units 
DO = Dissolved Oxygen 



TABLE 3-5 

SB-SD& HITS 3125199 

SAMPLE ID 

SAMPLE DATE 

INORGANICS (m&g) 

CoPPa 
Lead 

POSITIVE DETECTIONS IN SEDIMENT 
STUDY AREA 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SB-SDOl-99A SBSD02-99A SB-SD03-99A SB-SD04-99A SB-SDO5-99A 

l/14/99 l/15/99 l/15/99 lllY99 1116199 

2.67 U 16.6 2.4 J 8.7 J 2.35 U 

6 5.7 2.5 20.7 3.4 

Page 1 of 2 
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SAMPLE ID 
SAMPLE DATE 

INORGANICS (m&g) 
COppet 

Lead 

Minimum 
Non-Detect 

2.35 U 
ND 

TABLE 3-5 (continued) 

POSITIVE DETECTIONS IN SEDIMENT 
STUDY AREA 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Maximum Minimum 
Non-Detect Detected 

Maximum 
Detected 

Location of 
Maximum Detect 

Frequency 
of Detection 

A&lunatic Mean 
Positive Detects 

Median 
Positive Detects 

2.67 U 2.4 J 16.6 SB-SD02-99A 315 9.23 8.7 
ND 2.5 20.7 SBSD04.99A 515 7.66 5.7 

SB-SD.xls HITS 3125199 Page 2 of 2 



TABLE 3-5 (continued) 

POSITIVE DETECTIONS IN SEDIMENT 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID RF-SD0 I-99A RF-SD02-99A 

SAMPLE DATE l/16/99 l/16/99 

INORGANICS (mg/kg) 

coppet 
Lead 

2.4 u 4.6 J 

4.6 10.5 

RF-SD& HITS 3125199 Page 1 of 2 



SAMPLE ID 

SAMPLE DATE 

INORGANICS (mg/kg) 

COPPer 
Lead 

TABLE 3-5 (continued) 

POSITIVE DETECTIONS IN SEDIMENT 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAM.P LEJEUNE, NORTH CAROLINA 

Minimum Maximum 

Non-Detect Non-Detect 

Minimum 

Detected 

Maximum 

Detected 

Location of 

Maximum Detect 

Frequency 

of Detection 

2.4 U 2.4 U 4.6 J 4.6 J RF-SD02-99A 112 4.6 4.6 

ND ND 4.6 10.5 RF-SD02-99A’ 212 7.55 7.55 

A&lunatic Mean 

Positive Detects 

Median 

Positive Detects 

RF-SD.xls HITS 3125199 Page 2 of 2 



TABLE 3-5 (continued) 

POSITIVE DETECTIONS IN SEDIMENT 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID RF-SDOl-99A RF-SD02-99A 

SAMPLE DATE 1116199 l/16/99 

TOC @w/kg) 
Total Organic Carbon 4930 12400 

RF-SD-TOC.xls HITS 3/25/99 Page 1 of2 



SAMPLE ID 
SAMPLE DATE 

TOC Qwlkg) 
Total Organic Carbon 

RF-SD-TOC.xls HITS 3125199 

TABLE 3-5 (continued) 

POSITIVE DETECTIONS IN SEDIMENT 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Minimum Maximum 
Non-Detect Non-Detect 

Minimum 
Detected 

Maximum 
Detected 

Location of 
Maximum Detect 

Frequency 
of Detection 

ND ND 4930 12400 RF-SD02-99A 212 

Arithmatic Mean 
Positive Detects 

Median 
Positive Detects 

8665 8665 

Page 2 of 2 



TABLE 3-6 

POSITIVE DETECTIONS IN CLAM TISSUE 
STUDY AREA 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID SB-CL04-99A 

SAMPLE DATE l/15/99 

INORGANICS (mgikg) 

Copper 
Lead 

12.6 

1.8 

WET WEIGHT BASIS 

Percent Lipids (%) 

Moisture (%) 

0.2 

89 

SB-CLAMSxls HITS 3125199 Page 1 of 2 



TABLE 3-6 (continued) 

SAMPLE ID 
SAMPLE DATE 

INORGANICS (mgkg) 

COPPer 
Lead 

WET WEIGHT BASIS 
Percent Lipids (%) 
Moisture (%) 

SB-CLAMS.xls HITS 3125199 

POSITIVE DETECTIONS IN CLAM TISSUE 
STUDY AREA . 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Minimum Maximum 
Non-Detect Non-Detect 

Minimum 
Detected 

Maximum 
Detected 

Location of 
Maximum Detect 

Frequency 
of Detectiop 

A&lunatic Mean 
Positive Detects 

Median 
Positive Detects 

ND ND 12.6 12.6 SB-CLO4-99A l/l 12.6 12.6 
ND ND 1.8 1.8 SB-CL04-99A 111 1.8 1.8 

ND ND 0.2 0.2 SB-CL04-99A 111 0.2 0.2 
ND ND 89 89 SB-CLO499A l/l 89 89 

Page 2 of 2 



TABLE 3-6 (continued) 

POSITIVE DETECTIONS IN CLAM TISSUE 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID RF-CL01-99A RF-CLO2-99A 

SAMPLE DATE l/16/99 l/16/99 

INORGANICS (mgkg) 

Copper 
Lead 

9.5 10.1 

1 0.7 

WET WEIGHT BASIS 

Percent Lipids (%) 

Moisture (%) 

0.2 0.1 

85 88 

RF-CLAMSxls HITS 3125199 Page 1 of 2 



TABLE 3-6 (continued) 

SAMPLE ID 
SAMPLE DATE 

INORGANICS (mgkg) 

COPPer 
Lead 

WET WEIGHT BASIS 
Percent Lipids (%) 
Moisture (%) 

POSITIVE DETECTIONS IN CLAM TISSUE 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Minimum Maximum 
Non-Detect Non-Detect 

Minimum 
Detected 

Maximum 
Detected 

Location of 
Maximum Detect 

Frequency 
of Detection 

Aritbmatic Mean 
Positive Detects 

Median 
Positive Detects 

ND ND 9.5 10.1 RF-CLO2-99A 212 9.8 9.8 
ND ND 0.7 1 RF-CLOI-99A 212 0.85 0.85 

ND ND 0.1 0.2 RF-CLOI-99A 212 0.15 0.15 
ND ND 85 88 RF-CL02-99A 212 86.5 86.5 

RF-CLAMSxls HITS 3125199 Page 2 of 2 



TABLE 3-7 

POSITIVE DETECTIONS IN MUSSEL TISSUE 
STUDY AREA 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID SB-MUOl/OZ-99A SB-h4U04-99A SB-MUOS-99A 

SAMPLE DATE l/16/99 l/16/99 IllSI 

INORGANIC3 (mg/kg) 
CoPPa 12.5 12.9 4.1 

Lead 4.8 1.6 1.3 

WET WEIGHT BASIS 

Percent Lipids (%) 1.6 1 2.1 

Moisture (%) 85 93 81 

SB-MUSSEL.xk HITS 3125199 Page 1 of 2 



TABLE 3-7 (continued) 

3 

. 

SAMPLE ID 

SAMPLE DATE 

INORGANICS (mgkg) 

COPPer 
Lead 

WET WEIGHT BASIS 

Percent Lipids (%) 

Moisture (%) 

Minimum 

Non-Detect 

ND 

ND 

ND 

ND 

POSITIVE DETECTIONS IN MUSSEL TISSUE 
STUDY AREA 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Maximum Minimum Maximum Location of 

Non-Detect Detected Detected Maximum Detect 

ND 4.1 12.9 SB-MU04-99A 

ND 1.3 4.8 SB-MU01/02-99A 

ND 1 2.1 SB-MU05-99A 

ND 81 93 SB-MU04-99A 

Frequency Arithmatic Mean Median 

of Detection Positive Detects Positive Detects 

313 9.83 12.5 

313 2.57 1.6 

313 1.56667 1.6 

3f3 86.33333 85 

SB-MUSSEL.xls HITS 3125199 Page 2 of 2 



TABLE 3-7 (continued) 

POSITIVE DETECTIONS IN MUSSEL TISSUE 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAM? LEJEUNE, NORTH CAROLINA 

SAMPLE ID RF-MU02-99A 

SAMPLE DATE l/16/99 

INORGANICS (mglkg) 

CoPPa 
Lead 

4.1 

1 

WET WEIGHT BASIS 

Percent Lipids (%) 

Moisture (%) 

1.1 

82 

RF-MUSSEL.xls HITS 3/25/99 Page 1 of 2 



TABLE 3-7 (continued) 

SAMPLE ID 
SAMPLE DATE 

INORGANICS (mglkg) 

COPPer 
Lead 

WET WEIGHT BASIS 
Percent Lipids (%) 
Moisture (%) 

Non-Detect 

ND 
ND 

ND 
ND 

POSITIVE DETECTIONS IN MUSSEL TISSUE 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Maximum Minimum 
Non-Detect Detected 

Maximum 
Detected 

Location of 
Maximum Detect 

Frequency 
of Detebtion 

A&lunatic Mean 
Positive Detects 

Median 
Positive Detects 

ND 4.1 4.1 RF-MUO2-99A 111 4.1 4.1 
ND 1 1 RF-MUO2-99A l/l 1 1 

ND 1.1 1.1 RF-MU02-99A l/l 1.1 1.1 
ND 82 82 RF-MU02-99A l/l 82 82 

RF-MUSSEL.xls HITS 3125199 Page 2 of 2 



TABLE 3-8 

POSITIVE DETECTIONS IN OYSTER TISSUE 
STUDY AREA 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID 

SAMPLE DATE 

INORGANICS (mg/kg) 

COPPW 
Lead 

WET WEIGHT BASIS 

Percent Lipids (%) 

Moisture (%) 

SB-OYOl-99A 

01/14/99 

50.3 

1.6 

0.2 

85 

SB-OY02-99A SB-OY03-99A SB-OY04-99A SB-OYOS-99A 

Oll15l99 01115/99 01/15/99 01/15/99 

45.1 46 21.4 17.1 

0.69 1 0.82 0.4 

0.3 0.6 0.6 0.4 

84 88 89 80 

SB-OYSTER.xls HITS 3125199 Page 1 of2 



TABLE 3-8 (continued) 

SAMPLE ID 
SAMPLE DATE 

INORGANICS (m&g) 

COPPer 
Lead 

WET WEIGHT BASIS 

Percent Lipids (%) 
Moisture (%) 

Minimum Maximum 
Non-Detect Non-Detect 

POSITIVE DETECTIONS IN OYSTER TISSUE 
STUDY AREA 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Minimum Maximum Location of Frequency Arithmatic Mean 
Detected Detected Maximum Detect of Detection Positive Detects 

ND ND 17.1 so.3 SB-OYOl-99A s/s 35.98 45.1 
ND ND 0.4 1.6 SB-OYOI-99A s/s 0.9 0.82 

ND ND 0.2 0.6 SB-OY03-99A,SB-OY04-99A s/s 0.42 
ND ND 80 89 SB-OY04-99A 5/S 85.2 

Median 
Positive Detects 

0.4 
85 

SB-OYSTER.xls HITS 3125199 Page 2 of 2 



TABLE 3-8 (continued) 

POSITIVE DETECTIONS IN OYSTER TISSUE 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID RF-OYOl-99A RF-OY02-99A 

SAMPLE DATE l/16/99 l/16/99 

INORGANICS (mgkg) 

COPPer 
Lead 

8.2 88.2 

2 1.2 

WET WEIGHT BASIS 

Percent Lipids (%) 

Moisture (%) 

0.1 0.6 

RF-OYSTER.xls HITS 3125199 Page 1 of2 



SAMPLE ID 
SAMPLE DATE Non-Detect 

INORGANICS (mgikg) 

COPPer 
Lead 

WET WEIGHT BASIS 
Percent Lipids (%) 
Moisture (%) 

RF-OYSTER.xls HITS 3125199 

ND 
ND 

ND 
ND 

TABLE 3-8 (continued) 

POSITIVE DETECTIONS IN OYSTER TISSUE 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Maximum Minimum 
Non-Detect Detected 

Maximum 
Detected 

Location of 
Maximum Detect 

Frequency 
of D&e&on 

Arithmatic Mean 
Positive Detects 

Median 
Positive Detects 

ND 8.2 88.2 RF-OY02-99A 212 48.2 48.2 
ND 1.2 2 RF-OYOl-99A 212 1.6 1.6 

ND 0.1 0.6 RF-OY02-99A 212 0.35 0.35 
ND ND ND o/o ND ND 

Page 2 of 2 



TABLE 4-l 

LOWEST OBSERVED ADVERSE EFFECT LEVELS / 

NO OBSERVED ADVERSE EFFECT LEVELS 
STONE BAY AQUATIC ASSESSMENT, CTO-0100 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Ecological Contaminant Heron Mink 
of Concern LOAEL NOAEL LOAEL NOAEL 

Copper 2.35 0.235 10 1 
Lead 3 0.3 1.5 0.15 

Notes: 

The studies from which these toxicity numbers are based can be found in Appendix F. 

LOAELs and NOAELS are reported in mg/kg/day 
LOAEL - Lowest Observed Adverse Effects Level 

NOAEL - No Observed Adverse Effects Level 



? 

Notes: 

._ 
) 

TABLE 4-2 

FREQUENCY AND RANGE OF SEDIMENT DATA COMPARED TO SEDIMENT SCREENING LEVELS 
STUDY AREA 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROJJNA 

Contaminant Frequency/Range No. of Positive 
Sediment Screening No. of Detects Above 

Values (SSVs) Positive Range of ssv 
SSVI Detects/No. Positive Max. 

ER-L (‘) ER-M (*) ofsamples Detections ER-L ER-M HQ Range 

Reference Areas 
No. of Positive 
Detects Above 

Mean Reference 

Ecological 
Contaminant 

of Concern? Comments 

18.7 270 315 2.4J - 16.6 0 
30.2 218 515 2.5 - 20.7 0 

0 0.89 4.65 4.65 2 No Below SSV 
0 0.69 4.6 - 10.5 7.55 1 No Below SSV , , , 

J - value reported is estimated 
mg/kg - milligram per kilogram 
SSV - Sediment Screening Value 
HQ - Hazard Quotient (maximum detected value divided by the lowest screening value) 

(1) Region IV Sediment Screening Value (USEPA, 1995), unless othetwise noted 
(2) Long et al. (1995) value, unless otherwise noted 



z TAb, 4-3 

FREQUENCY AND RANGE OF CLAM TISSUE DATA COMPARED TO REFERENCE AREAS 
STUDY AREA 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Contaminant Frequency/Range 
No. of 

Positive Range of 
Detects/No. Positive 

Reference Areas 
No. of Positive Ecological 
Detects Above Contaminant 

Notes: 

Shaded area represents selected ecological contaminants of concern 

Clams were only found at one station in the study area 

mgikg - milligram per kilogram 

Comments 

I 



TABLE 4-4 

FREQUENCY AND RANGE OF MUSSEL TISSUE DATA COMPARED TO REFERENCE AREAS 
STUDY AREA 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Notes: 

Shaded area represents selected ecological contaminants of concern 

Reference is based on one sample: therefore, the mean value is not calculated. 

mgikg - milligram per kilogram 



TABLE 4-5 

FREQUENCY AND RANGE OF OYSTER TISSUE DATA COMPARED TO REFERENCE AREAS 
STUDY AREA 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Analyte (mg/kg) 

Copper 
Lead 

Notes: 

Contaminant Frequency/Range 
No. of 

Positive Range of 
Detects/No. Positive 
of Samples Detections 

515 17.1 - 50.3 
515 0.4 - 1.6 

Reference Areas 
No. of Positive Ecological 
Detects Above Contaminant 

Range Mean Reference of Concern? Comments 

8.2 - 88.2 48.2 0 No Below Reference 
1.2-2 1.6 0 No Below Reference 

mg/kg - milligram per kilogram 



TABLE 4-6 

QUALITATIVE COMPARISON OF COPPER CONCENTRATIONS DETECTED IN BENTHIC SAMPLES 
STUDY AREA 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Range of Mean 
Detections Concentration 

35.98 
12.6 
9.83 

1 No. of 1 
Literature Values 

Maximum Mean 

(mdkd h&d 

Detects Reference Areas 
Above Range Mean 

Literature 
Values bwk) (mgk9 

360 150 0 8.2 - 88.2 48.2 
NF NF NA 9.5 - 10.1 9.8 
11 8.9 2 4.1 4.1 

Notes: 

mg/kg - milligram per kilogram 
NF - Not Found 
NA - Not applicable 

Source: Irwin, 1997a 



TABLE 4-7 

QUALITATIVE COMPARISON OF LEAD CONCENTRATIONS DETECTED IN BENTHIC SAMPLES 
STUDY AREA 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Soecies 

Oyster 
Chl 
Mussel 1.3 -4.8 1 2.57 1 4.3 1 1.8 

Range of Mean Literature Values 
Detections Concentration Maximum Mean 

@wW tw&d h&d @w&z) 

0.44 - 1.6 0.9 0.94 0.52 
1.8 1.8 NF NF 

No. of Detects 
Above 

Literature 
Values 

2 
NA 

1 

Reference Areas 
Range Mean 

h&9 (m&g) 

1.2 -2 1.6 
0.7 - 1 0.85 

1 1 

Notes: 

mgkg - milligram per kilogram 
NF - Not Found 
NA - Not applicable 

Source: Irwin, 1997b 



TABLE 4-8 

SUMMARY OF ECOLOGICAL CONTAMINANTS OF CONCERN PER MEDIA 
STUDY AREA 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Analyte 

Copper 
Lead 

Sediment Clam Mussel 

X X 
X X 

Oyster 



TABLE 4-9 

AQUATIC SPECIES - CONSERVATIVE MODELS 
MAXIMUM CONCENTRATION HAZARD QUOTIENT VALUES 

STUDY AREA 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Ecological Contaminants 

of Concern 

Highlighted values represent Hazard Quotients (HQs) greater than 1 .O 

HQ, _ Hazard Quotient based on the NOAEL 

HQ, _ Hazard Quotient based on the LOAEL 



TABLE 4-10 

- - AQUATIC SPECIES - LESS CONSERVATIVE MODELS 
MEAN CONCENTRATION HAZARD QUOTIENT VALUES 

STUDY AREA 
STONE BAY AQUATIC ASSESSMENT, CTO-0100 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Ecological Contaminants 

of Concern 

Highlighted values represent Hazard Quotients (HQs) greater than 1 .O 

HQ, _ Hazaid Quotient based on the NOAEL 

HQ, _ Hazard Quotient based on the LOAEL 



TABLE 4-l 1 

- - AQUATIC SPECIES - LESS CONSERVATIVE MODELS 

MEAN CONCENTRATION HAZARD QUOTIENT VALUES 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Ecological Contaminants 

Heron Mink 
NOAEL 1 LOAEL NOAEL 1 LOAEL 

I of Concern HQ, HQ, 1 HQn 1 HQ, ] 

Highlighted values represent Hazard Quotients (HQs) greater than 1 .O 

HQ, _ Hazard Quotient based on the NOAEL 

HQ, _ Hazard Quotient based on the LOAEL 
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Rifle Range 

1999.01 

This photograph 
of Bravo Range 
was taken facing 
down range 
(nmth). The target 
backstop seen in 
the background is 
approximately 
500 meters away. 

leads tb the target 
area, which is 
ommonly referred 

as the “Butts”. 



1999.03 

This photograph 
was taken behind 
the target back- 
stop area or “Butts”. 
Personnel protected 
by the backstop raise 
and lower targets 
for the shooters. 

Rifle Range 

1999.04 

This photogt-aph 
was taken from the 
top of the range 
backstop, looking 
north in the 
direction UT Stone 
Bay. Note that the 
tree line height is 
diminished, due to 
the number of 
rounds traveling 
over the area. 



Stone Bay 

1999.05 

Sampling in 
deep water was 
accomplished using 
“shellfish tongs” to 
retrieve clams, 
oysters, and mussels 
from the bottom of 
the bay. 

1999.06 

Some shellfish 
samples were 
collected by hand, 
as samplers waded 
in shallow water. 
This photograph 
was taken at the 
end of the rifle 
range near Stone 
Creek. 



1999.07 

This photograph 
was taken from 
Slone Bay facing 
toward the edge 
of the rifle range. 
The flag pole sce~ 
in the center 
of the photograph 
is used to warn 
civilian personnel 
when the rifle 
range is in 
operation. 

1999.08 

This photograpl 
was taken from 
reference station 
number enc. 
Sneads Ferry 
Bridge can be 
seen in the 
background. 

Stone Bay 

IL 
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TECHNICAL MEMORANDUM CH2l’@HILL 

Stones Bay Sediment and Water Quality Sampling Results 
PREPARED FOR: Mr. D.J. CotnoiKommander Atlantic Division 

PREPARED By: Bill KreutzbergerKH2M HILL-CLT 

COPIES: Mr. Dave MarascoKamp Lejeune 
Mike MischukKH2M HILL-Mm 
Tom DupuisICH2M HILL-MKE 
Stewart BarnesKH2M HJLL-HRO 
Steven LehmannKH2M HILL-CLT 

DATE: October 28, 1998 

Introduction and Background 

Marine Cot-p Base (MCB), Camp Lejeune provides specialized training to prepare troops for amphibious 
and land combat operations. The buildings and facilities onsite support 144,000 marines, sailors and their 
families. A new 1.5~million gallon per day (mgd) advmastewater treatment facility is being 
constructed; and due to strong public reaction, the North Carolina Department of Environment and 
Natural Resources (NCDENR), Division of Coastal Management, has required Camp Lejeune to conduct 
in-stream sediment and water quality monitoring. 

A monitoring program was initiated in June 1998 to quantify the discharge’s impact, if any, on the 
estuatine environment. Ten transects were sampled at locations between Wilson Bay and Courthouse 
Bay. A modification to the monitoring program was requested by LANTDN and required additional 
sediment and water quality sampling at five stations in an area of the New River Estuary known as Stones 
-Bay. -- 

FieId Sgmpling 

On September 16, 1998, CH2M HILL collected sediment and water quality samples from five stations in 
Stones Bay. Bob Deppen navigated the boat provided by Camp Lejeune. Dave Marasco, Camp Lejeune 
contact, was also in attendance. The sampling plan, Attachment 1, identifies the sampling locations, the 
sample matrix, chemical analysis that was performed, and the sampling methods used. The plan was 
followed as described with the exception of the following deviations. 

l SB-3 could not be reached due to a water depth of less than two feet. SB-3 was sampled at an . 
alternate location that was at the mouth of the stream. The final locations of all sites are noted on the 
attached map. 

l As noted in Exhibit 3 of the attached sampling plan, a new polyethylene pail and spoon, each of 
which had been decontaminated previously, were supplied and used at each site instead of completing 
the decontamination process on a single pail and spoon between sites. 

l The metals samples were filtered between 26 and 29 hours after the samples were first taken. 
l Sampling was completed two weeks after Hurricane Bonnie, and the river was still turbid. 

CHT/STONES BAY TM.DCX 

Post-it’” brand fax transmittal memo 7671 
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STONES BAY SEDIMENT AND WATER QUALITY SAMPLING RESULTS 

Results 

The tables below summarize the sediment and water quality results from the attached lab reports from En 
Chem and Frontier Geosciences. Table 1, Sediment Inorganic Results, includes the metals, solids percent, 
acid volatile sulfide (AVS) and total organic carbon (TOC) results from the sediment samples, as well as 
the ER-L and ER-M levels established by the National Oceanic and Atmospheric Administration 
(NOAA). Graph 1, Grain Size Distribution, represents the grain size distribution from the same sediment 
samples, and the graph reveals that more fines are present at stations SB-3 and SB-4, while more sand is 
present at stations SB-1 and SB-5. Table 2, Water Quality Metals Results, summarizes the water quality 
results, as well as includes the NCDENR Water Quality Standards for tida1 saltwaters with a cIassification 
of SA. There are no sediment standards to repott in Table 1. 

A,o wdks < 0.67 < 1.1 
Zn m8k 3.7 19 

Solids % 74.4 ---47 
TOC as NPOC me/kg 2000 llooo 

AVS w&z 130 270 

TOC = Total Organic Carbon 
NPOC = Non-purgeabie Organic Carbon 

< 0.77 < 0.70 <0.70 1 2.2 
5.5 4.2 4.0 120 270 

65.3 71.8 71.9 NA NA 
3300 2600 2000 NA NA 
~61 51 ~56 NA NA 

AVS = Acid Volatile Sulfide 

CHTISTONES BAY TM.DOC 2 
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STONES BAY SEDIMENT AND WATER DUALITY SAMPLING RESULTS 

Graph 1: Grain Size Distribution 
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ND = Analyte not detected above the estimated method detection knit (MDL) 

AL = Values represent action levels as specified in 15A NCAC 2B .0220 

N = See ISA NCAC 2B.0220 for narrative description of limits 
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SAMPLE ID 
SAMPLE DATE 

INORGANICS (mg/kg) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

FREQUENCY OF DETECTIONS IN SEDIMENT 
STONE BAY 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SB-SD0 I-99A 
l/14/99 

1750 
0.66 U 

1.1 J 
2.9 J 

0.25 U 
0.1 u 

484 J 
5.6 

1.37 u 
2.67 U 

2380 
6 

843 J 
8.9 

0.05 u 
2.54 U 
430 J 

0.81 U 
0.75 J 
3980 
0.51 u 

5.3 J 
5.8 

SB-SD02-YYA 
l/15/99 

1780 
0.61 U 
0.85 J 
2.1 J 

0.23 U 
0.09 u 
161 J 
4.2 

1.26 U 
16.6 

2120 
5.7 

592 J 
6.3 

0.06 U 
2.33 U 
341 J 
0.75 u 
0.9 J 

2530 
0.47 u 
4.5 J 
5.6 

SB-SD03-99A 
l/15/99 

1580 
0.57 u 
0.68 u 

2.2 J 
0.22 u 
0.09 u 
323 J 
3.2 

1.18 U 
2.4 J 

1480 
2.5 

511 J 
4.2 

0.06 U 
2.19 U 
285 J 
0.7 u 

0.46 J 
2080 
0.44 u 

3.7 J 
2.9 J 

SB-SD04-99A 
l/15/99 

14800 
1.36 U 
6.8 

14.4 J 
0.52 U 
0.21 u 

4930 
29.8 
2.82 U 

8.7 J 
17400 

20.7 
5280 

88 
0.13 u 

5.8 J 
2510 J 
1.67 U 
4.6 J 

15000 
1.3 J 

25.7 J 
38.8 

SB-SD05-YYA 
l/l 6199 

1580 
0.58 U 
0.84 J 
2.7 J 

0.22 u 
0.09 u 
1320 

3.9 
1.21 u 
2.35 U 
1660 

3.4 
475 J 
8.7 

0.06 U 
2.24 U 
273 J 

0.72 U 
0.6 J 

1860 
0.45 u 
3.6 J 
3.3 J 

SB-SD.xls FOD 205199 Page 1 of 2 



SAMPLE ID 

SAMPLE DATE 

INORGANICS (mgkg) 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

Mini&m 

Non-Detect 

ND 

0.57 u 

0.68 u 

ND 

0.22 u 

0.09 u 

ND 

ND 

1.18 U 

2.35 U 

ND 

ND 

ND 

ND 

0.05 u 

2.19 U 

ND 

0.7 u 

ND 

ND 

0.44 u 

ND 

ND 

FREQUENCY OF DETECTIONS IN SEDIMENT 
STONE BAY 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Maximum 

Non-Detect 

ND 

1.36 U 

0.68 u 

ND 

0.52 U 

0.21 u 

ND 

ND 

2.82 U 

2.67 U 

ND 

ND 

ND 

ND 

0.13 u 

2.54 U 

ND 

1.67 U 

ND 

ND 

0.51 u 

ND 

ND 

Minimum 

Detected 

1580 

ND 

0.84 J 

2.1 J 

ND 

ND 

161 J 

3.2 

ND 

2.4 J 

1480 

2.5 

475 J 

4.2 

ND 

5.8 J 

273 J 

ND 

0.46 J 

1860 

1.3 J 

3.6 J 

2.9 J 

Maximum 

Detected 

14800 

ND 

6.8 

14.4 J 

ND 

ND 

4930 

29.8 

ND 

16.6 

17400 

20.7 

5280 

88 

ND 

5.8 J 

2510 J 

ND 

4.6 J 

15000 

1.3 J 

25.7 J 

38.8 

Location of 

Maximum Detect 

SB-SD04-99A 

SB-SD04-99.4 

SB-SD04-99A 

SB-SD04-99A 

SB-SD04-99A 

SB-SD02-99A 

SB-SD04-99A 

SB-SD04-99A 

SB-SD04-99A 

SB-SD04-99A 

SB-SD04-99A 

SB-SD04-99A 

SB-SD04-99A 

SB-SD04.99A 

SB-SD04-99A 

SB-SD04-99A 

SB-SD04-99A 

Frequency 

of Detection 

5/s 4298 1750 

O/5 ND ND 

4/s 2.4 0.98 

515 4.86 2.7 

o/5 ND ND 

015 ND ND 

515 1443.6 484 

515 9.34 4.2 

015 ND ND 

315 9.23 8.7 

515 5008 2120 

515 7.66 5.7 

515 1540.2 592 

515 23.22 8.7 

015 ND ND 

I/5 5.8 5.8 

515 767.8 341 

015 ND ND 

515 1.46 0.75 

515 5090 2530 

l/5 113 1.3 

515 8.56 4.5 

515 11.28 $6 

A&lunatic Mean Median 

Positive Detects Positive Detects 

SB-SD.xls FOD 2/I 5199 Page 2 of 2 



SB-CLAMS.xls POD 2f15l99 

FREQUENCY OF DETECTIONS IN CLAM TISSUE 
STONE BAY 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMI’ LEJEUNE, NORTH CAROLINA 

SAMPLE ID SB-CL04-99A 
SAMPLE DATE l/15/99 

INORGANXCS (mgkg) 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Catcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

275 
1.85 U 
12.4 

1.7 J 
0.71 u 
0.47 

12400 
1.2 
2.3 J 

12.6 
442 
1.8 

8370 
33.5 

0.048 
4.1 

11600 
2.8 

0.57 u 
71900 

1.42 U 
1.9 J 
117 
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SAMPLE ID 

SAMPLE DATE 

INORGANICS (m&g) 

Aluminum 

Antimony 

AlXlliC 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 
Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

zinc 

Minimum 

Non-Detect 

ND 

1.85 U 

ND 

ND 

0.71 u 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.57 u 

ND 

1.42 U 

ND 

ND 

FREQUENCY OF DETECTIONS IN CLAM TISSUE 
STONE BAY 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLJNA 

Maximum 

Non-Detect 

Minimum 

Detected 

Maximum 

Detected 

ND 275 275 

1.85 U ND ND 

ND 12.4 12.4 

ND 1.7 J 1.7 J 

0.71 u ND ND 

ND 0.47 0.47 

ND 12400 12400 

ND 1.2 1.2 

ND 2.3 J 2.3 J 

ND 12.6 12.6 

ND 442 442 

ND 1.8 1.8 

ND 8370 8370 

ND 33.5 33.5 

ND 0.048 0.048 

ND 4.1 4.1 

ND 11600 11600 

ND 2.8 2.8 

0.57 u ND ND 

ND 71900 71900 

1.42 U ND ND 

ND 1.9 J 1.9 J 

ND 117 117 

Location of 

Maximum Detect 

SB-CL04-99A 

SB-CL04-99A 

SB-CL04-99A 

SB-CL04-99A 

SB-CL04-99A 

SB-CL04-99A 

SB-CL04-99A 

SB-CL04-99A 

SB-CL04-99A 

SB-CL04-99A 

SB-CL04-99A 

SB-CL04-99A 

SB-CL04-99A 

SB-CL04-99A 

SB-CL04-99A 

SB-CL04-99A 

SB-CL04-99A 

SB-CL04-99A 

SB-CL04-99A 

Frequency 

of Detection 

l/l 

O/l 

111 

l/l 

O/l 

l/l 

111 

l/l 

l/l 

l/l 

111 

l/l 

l/l 

l/l 

l/l 

l/l 

l/l 

l/l 

O/l 

l/l 

O/l 

111 

l/l 

Arithmatic Mean 

Positive Detects Positive Detects 

275 275 

ND ND 

12.4 12.4 

1.7 1.7 

ND ND 

0.47 0.47 

12400 12400 

1.2 1.2 

2.3 2.3 

12.6 12.6 

442 442 

1.8 1.8 

8370 8370 

33.5 33.5 

0.05 0.05 

4.1 4.1 

11600 11600 

2.8 2.8 

ND ND 

71900 71900 

ND ND 

1.9 1.9 

117 , 117 

SB-CLAMS.xls FOD 2/l 5199 Page 2 of 2 



SB-CLAMS.xls lipids 2/l 5/99 

FREQUENCY OF DETECTIONS IN CLAM TISSUE 
STONE BAY 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID SB-CL04-99A 

SAMPLE DATE l/15/99 

WET WEIGHT BASIS 

Percent Lipids (%) 

Moisture (%) 

0.2 

89 

Page 1 of 1 



SAMPLE ID 

SAMPLE DATE 

Ir 

FREQUENCY OF DETECTIONS IN MUSSEL TISSUE 
STONE BAY 

STONE BAY AQUAnC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

INORGANIC’S (m&g) 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

SB-MU0 l/02-99A 

l/16/99 

1010 455 317 

1.11 u 38.81 U 0.09 u 

11 37.4 11.3 

1.5 J 2.3 J 0.83 J 

0.05 J 14.93 u 0.03 u 

0.24 0.52 0.19 

19500 24100 8470 

1.9 2 0.82 

0.55 J 0.64 J 0.35 J 

12.5 12.9 4.1 

1100 643 366 

4.8 1.6 1.3 

3080 7950 3010 

26.3 91.9 18.1 

0.088 0.157 0.086 

3 35 0.73 J 

7130 18900 6080 

3.4 9.4 3.3 

0.34 u 11.94 u 0.03 u 

24100 69800 27600 

0.86 u 29.85 U 0.07 u 

3.3 4.9 1.9 

45 : 101 34.1 

SB-MSJ04-99A 

1116199 

. 

? 

SB-MU05-99A 

l/15/99 

SB-MUSSEL.x!s FOD Z/15/99 Page 1 of2 



SAMPLE ID Minimum Maximum 
SAMPLE DATE Non-Detect Non-Detect 

INORGANICS (mghg) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
MeWll~ 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 

Minimum 
Detected 

Maximum Location of 
Detected Maximum Detect 

. - 
of Detection 

A&lunatic Mean Median 
Positive Detects Positive Detects 

ND ND 317 1010 SB-MU01/02-99A 313 594 455 
0.09 u 38.81 U ND ND o/3 ND ND 
ND ND 11 37.4 SB-MU04-99A 313 19.9 11.3 
ND ND 0.83 J 2.3 J SB-MU04-99A 313 1.54 1.5 

0.03 u 14.93 u 0.05 J 0.05 J SB-MU01/02-99A 113 0.05 0.05 
ND ND 0.19 0.52 SB-MU04-99A 313 0.32 0.24 
ND ND 8470 24100 SB-MU04-99A 313 17356.67 19500 
ND ND 0.82 2 SB-MU04-99A 3i3 1.57 1.9 
ND ND 0.35 J 0.64 J SB-MU04-99A 313 0.51 0.55 
ND ND 4.1 12.9 SB-MU04-99A 313 9.83 12.5 
ND ND 366 1100 SB-MU01/02-99A 313 703 643 
ND ND 1.3 4.8 SB-MU01/02-99A 3/3 2.57 1.6 
ND ND 3010 7950 SB-MU04-99A 313 4680 3080 
ND ND 18.1 91.9 SB-MU04-99A 313 45.43 26.3 
ND ND 0.086 0.157 SB-MU04.99A 313 0.11 0.09 
ND ND 0.73 J 35 SB-MU01/02-99A,SB-MUO4.99A 313 2.24 3 
ND ND 6080 18900 SB-MU04-99A 313 10703.33 7130 
ND ND 3.3 9.4 SB-MU04-99A 313 5.37 3.4 

0.03 u 11.94 u ND ND 013 ND ND 
ND ND 24100 69800 SB-MU04-99A 313 40500 27600 

0.07 u 29.85 U ND ND 013 ND ND 
ND ND 1.9 4.9 SB-MU04-99A 313 3.37 3.3 
ND ND 34.1 101 SB-MU04-99A 313 60.03 I 45 

FREQUENCY OF DETECTIONS IN MUSSEL TISSUE 
STONE BAY 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLJiNA 

SB-MUSSEL.xls FOD 2115499 Page 2 of 2 



SB-MUSSELxls lipids 2/l 5199 

SAMPLE ID 

SAMPLE DATE 

FREQUENCY OF DETECTIONS IN MUSSEL TISSUE 
STONE BAY 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMI’ LEJEUNE, NORTH CAROLINA 

WET WEIGHT BASIS 

Percent Lipids (%) 

Moisture (%) 

SB-MU0 l/02-99A SB-MU04-99A SB-MUO5-99A 

1116199 1116/99 l/15/99 

1.6 1 2.1 

85 93 81 

Page 1 of 1 
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SAMPLE ID 

SAMPLE DATE 

INORGANICS (mg/kg) 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 
Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver - 

Sodium 

Thallium 

Vanadium 

Zinc 

FREQUENCY OF DETECTIONS IN OYSTER TISSUE 
STONE BAY 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SB-OYOl-PPA 

01114/99 

111 49.3 PO.6 69.5 

9.39 u 12.42 U 1.69 U 2.65 U 

12.5 7.4 10 11.9 

0.83 J 0.35 J 0.62 J 0.68 J 
3.61 U 4.78 U 0.65 U 1.02 u 

1.6 1.1 1.7 1.3 

2330 2830 4040 7840 

0.65 0.46 0.66 0.72 
0.37 J 0.34 J 3.51 u 5.51 u 

50.3 45.1 46 21.4 

225 123 199 228 

1.6 0.69 1 0.82 

2740 2450 3960 5110 

9.8 6.4 11.8 7 

0.063 0.069 0.252 0.07 

2.4 1.1 J 2.3 1.8 J 

8940 8780 9090 11200 

3.2 2.8 3.1 2.8 

0.34 J 3.82 U 0.52 U 0.82 U 

19700 18600 31700 43800 

7.22 U 9.55 u 1.3 u 2.04 U 

1.4 J 0.68 J 0.56 J 1.7 J 

1280 793 722 728 

SB-OY02-PPA 

01/15/99 

SB-OY03-PPA 

01/15/99 

SB-OY04-PPA 

01/15/99 

SB-OY05-PPA 

01115/99 

78.9 

3.9 u 

4.1 

0.3 J 

1.5 u 

0.6 

5960 

0.43 

0.21 J 

17.1 

137 

0.4 

2620 

5.7 

0.053 

1.3 

5000 

1.2 u 

22400 

3u 

0.35 J 

894 

SB-OYSTERxls FOD 2115199 Page 1 of2 



SAMPLE ID 
SAMPLE DATE 

INORGANICS (mg/kg) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

COPPer 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
ZillC 

Minimum 
Non-Detect 

ND 
1.69 U 
ND 
ND 

0.65 U 
ND 
ND 
ND 

3.51 u 
ND 
ND 
ND 
ND’ 
ND 
ND 
ND 
ND 
ND 

0.52 u 
ND 
1.3 u 

ND 
ND 

Non-Detect 
Minimum 
Detected 

Maximum 
Detected 

ND 49.3 111 
12.42 U ND ND 

ND 4.1 12.5 
ND 0.3 J 0.83 J 

4.78 u ND ND 
ND 0.6 1.7 
ND 2330 7840 
ND 0.43 0.72 

5.51 u 0.21 J 0.37 J 
ND 17.1 50.3 
ND 123 228 
ND 0.4 1.6 
ND 2450 5110 
ND 5.7 11.8 
ND 0.053 0.252 
ND 1.1 J 2.4 
ND 5000 11200 
ND 1 3.2 

3.82 U 0.34 J 0.34 J 
ND 18600 43800 

9.55 u ND ND 
ND 0.35 J 1.7 J 
ND 722 1280 

FREQUENCY OF DETECTIONS IN OYSTER TISSUE 
STONE BAY 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Location of 
Maximum Detect 

SB-OYOl-99A 

SB-OYOl-99A 
SB-OYOl-99A 

SB-OY03-99A 
SB-OY04-99A 
SB-OY04-99A 
SB-OYOl-99A 
SB-OYOl-99A 
SB-OY04-99A 
SB-OYOl-99A 
SB-OY04-99A 
SB-OY03-99A 
SB-OY03-99A 
SB-OYOl-99A 
SB-OY04-99A 
SB-OYOl-99A 
SB-OYOl-99A 
SB-OY04-99A 

SB-OY04.99A 
SB-OYO 1.99A 

Frequency A&lunatic Mean 
of Detection Positive Detects 

Median 
Positive Detects 

515 79.86 78.9 
o/5 ND ND 
515 9.18 10 
515 0.56 0.62 
o/5 ND ND 
515 1.26 1.3 
515 4600 4040 
515 0.58 0.65 
315 0.3 1 0.34 
515 35.98 45.1 
515 182.4 199 
515 0.9 0.82 
515 3376 2740 
515 8.14 7 
515 0.1 0.07 
515 1.78 1.8 
515 8602 8940 
515 2.58 2.8 
l/5 0.34 0.34 
515 27240 22;100 
o/5 ND ND 
515 0.94 0.68 
515 883.4 ,793 
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SAMPLE ID 

SAMPLE DATE 

WET WEIGHT BASIS 

Percent Lipids (%) 

Moisture (%) 

SB-OYSTERxls LIPIDS 2115199 

FREQUENCY OF DETECTIONS IN OYSTER TISSUE 
STONE BAY 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMI’ LEJEUNE, NORTH CAROLINA 

SB-OYOI-99A SB-OY02-99A SB-OY03-99A SB-OY04-99A SB-OY05-99A 

01/14/99 01/15/99 01/15/99 01/15/99 01115f99 

0.2 0.3 0.6 0.6 0.4 

85 84 88 89 80 

Page 1 of 1 



FREQUENCY OF DETECTIONS IN SEDIMENT 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID 
SAMPLE DATE 

INORGANICS (mgkg) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 

Mercury 

Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

RF-SDOl-99A 
l/16/99 

3000 

0.59 u 

2.4 

3.5 J 

0.23 U 
0.09 u 
5320 

7.8 

1.23 U 
2.4 U 

3620 

4.6 

1420 

17.7 

0.05 u 

2.28 U 
605 J 

0.73 u 

1.5 J 

3470 

0.46 U 
7.7 J 

7.9 

RF-SD02-99A 
1116199 

8160 
1.01 u 

6 

8.9 J 
0.39 u 

0.15 u 

26900 

19.2 

2.1 J 
4.6 J 

10100 
10.5 

4200 

58.7 

0.09 u 

4.7 J 

1500 J 
1.6 J 
3.2 J 

9470 

0.77 u 

19.2 J 
23.8 
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SAMPLE ID 

SAMPLE DATE 

INORGANICS (m&g) 
Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

Minimum Ma.ximum 

Non-Detect Non-Detect 

ND 

0.59 u 

ND 

ND 

0.23 U 

0.09 u 

ND 

ND 

1.23 U 

2.4 U 

ND 

ND 

ND 

ND 

0.05 u 

2.28 u 

ND 

0.73 u 

ND 

ND 

0.46 u 

ND 

ND 

ND 

1.01 u 

ND 

ND 

0.39 u 

0.15 u 

ND 

ND 

1.23 U 

2.4 U 

ND 

ND 

ND 

ND 

0.09 u 

2.28 U 

ND 

0.73 u 

ND 

ND 

0.77 u 

ND 

ND 

FREQUENCY OF DETECTIONS IN SEDIMENT 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Minimum 

Detected 

3000 

ND 

2.4 

3.5 J 

ND 

ND 

5320 

7.8 

2.1 J 

4.6 J 

3620 

4.6 

1420 

17.7 

ND 

4.7 J 

605 J 

1.6 J 

1.5 J 

3470 

ND 

7.7 J 

7.9 

Maximum 

Detected 

8160 

ND 

6 

8.9 J 

ND 

ND 

26900 

19.2 

2.1 J 

4.6 J 

10100 

10.5 

4200 

58.7 

ND 

4.7 J 

1500 J 

1.6 J 

3.2 J 

9470 

ND 

19.2 J 

23.8 

Location of 

Maximum Detect 

RF-SD02-PPA 

RF-SD02-PPA 

RF-SD02-PPA 

RF-SD02-99A 

RF-SD02-99A 

RF-SD02-99A 

RF-SD02-99A 

RF-SD02-99A 

RF-SD02-99A 

RF-SD02-99A 

RF-SD02-99A 

RF-SD02-99A 

RF-SD02-99A 

RF-SD02-99A 

RF-SD02-99A 

RF-SD02-99A 

RF-SD02-99A 

RF-SD02-99A 

Frequency 

of Detection 

Arithmatic Mean 

Positive Detects 

212 5580 5580 

o/2 ND ND 

212 4.2 4.2 

212 6.2 6.2 

o/2 ND ND 

o/2 ND ND 

212 16110 16110 

2/2 13.5 13.5 

112 2.1 2.1 

II2 4.6 4.6 

212 6860 6860 

212 7.55 7.55 
212 2810 2810 

212 38.2 38.2 

o/2 ND ND 

l/2 4.7 4.7 

212 1052.5 1052.5 

l/2 1.6 1.6 

212 2.35 2.35 

212 6470 6470 

912 ND ND 

212 13.45 13.45 

212 15.85 15.85 , 

Median 

Positive Detects 

RF-SD.xls FOD 2/l 5199 Page 2 of 2 



RF-SD-TOC.ds FOD 2/15/99 Page 1 of 2 

FREQUENCY OF DETECTIONS IN SEDIMENT 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID RF-SDOl-99A RF-SD02-99A 

SAMPLE DATE 1116/99 M6l99 

‘NW (m/kg> 
Total Organic Carbon 4930 12400 



SAMPLE ID 
SAMPLE DATE 

TOC Ow/kg) 
Total Organic Carbon 

RF-SD-TOC.xls FOD 2/15/99 

FREQUENCY OF DETECTIONS IN SEDIMENT 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMF’ LEJEUNE, NORTH CAROLINA 

Minimum Maximum 
Non-Detect Non-Detect 

Minimum 
Detected 

Ma.ximum 
Detected 

Location of 
Maximum Detect 

Frequency 
of Detection 

Arithmatic Mean 
Positive Detects 

Median 
Positive Detects 

ND ND 4930 12400 RF-SD02-99A 212 8665 8665 

Page 2 of 2 



FREQUENCY OF DETECTIONS IN CLAM TISSUE 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID 
SAMPLE DATE 

INORGANIC3 (m&g) 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

RF-CL0 1.99A 
U16l99 

RF-CL02.99A 
1116199 

64.2 249 
5.63 U 0.14 u 
11.1 16.2 
0.99 J 1.7 J 
2.16 U 0.05 u 
0.21 0.23 J 
3840 5720 
0.62 1.2 

1.4 J 2.1 J 
9.5 10.1 
158 370 

1 0.7 
4950 6020 

9 9 
0.05 0.054 
3.6 4 

6240 9740 
2 3.1 

1.73 u 0.04 u 
39900 48900 

4.33 u 0.11 u 
2.5 3.1 

86.1 125 

RF-CLAMSxls FOD 2/l 5199 Page 1 of 2 



SAMPLE ID 
SAMPLE DATE 

INORGANXCS (mgntp) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

Minimum 
Non-Detect 

Maximum 
Non-Detect 

Minimum 
Detected 

ND ND 64.2 

0.14 u 5.63 u ND 
ND ND 11.1 
ND ND 0.99 J 

0.05 u 2.16 U ND 
ND ND 0.21 

ND ND 3840 

ND ND 0.62 

ND ND 1.4 J 
ND ND 9.5 
ND ND 158 
ND ND 0.7 

ND ND 4950 

ND ND 9 

ND ND 0.05 

ND ND 3.6 

ND ND 6240 

ND ND 2 

0.04 u 1.73 u ND 
ND ND 39900 

0.11 u 4.33 u ND 
ND ND 2.5 

ND ND 86.1 

FREQUENCY OF DETECTIONS IN CLAM TISSUE 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Maximum 

249 
ND 
16.2 

1.7 J 
ND 

0.23 J 

5720 

1.2 

2.1 J 
10.1 
370 

1 
6020 

9 

0.054 

4 

9740 

3.1 

ND 
48900 

ND 
3.1 

125 

Location of Frequency Arithmatic Mean Median 
Maximum Detect of Detection Positive Detects Positive Detects 

RF-CL02-99A 

RF-CL02-99A 
RF-CL02-99A 

RF-CL02-99A 
RF-CL02-99A 
RF-CL02-99A 
RF-CL02-99A 
RF-CL02-99A 
RF-CL02-99A 
RF-CLOI-99A 
RF-CLO2-99A 

RF-CLOl-99A,RF-CL02-99A 
RF-CL02-99A 
RF-CL02-99A 
RF-CL02-99A 
RF-CL02-99A 

RF-CL02-99A 

RF-CL02-99A 
RF-CL02-99A 

212 156.6 156.6 

o/2 ND ND 
212 13.65 13.65 

212 1.35 1.35 

012 ND ND 
212 0.22 0.22 

212 4780 4780 

212 0.91 0.91 
212 1.75 1.75 

212 9.8 9.8 

212 264 264 

212 0.85 0.85 

212 5485 5485 

212 9 9 

212 0.05 0.05 

212 3.8 3.8 

212 7990 7990 

212 2.55 2.55 

012 ND ND 
212 44400 44400 

012 ‘ND ND 
212 2.8 2.8 

212 105.55 $05.55 

RF-CLAMS.xls FOD 2115199 Page 2 of 2 



RF-CLAMSxls lipids 2/15/99 

FREQUENCY OF DETECTIONS IN CLAM TISSUE 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID RF-CL0 l-99A RF-CL02-99A 

SAMPLE DATE 1116199 1116f99 

WET WEIGHT BASIS 

Percent Lipids (%) 

Moisture (%) 

0.2 0.1 

85 88 

Page 1 of 1 



FREQUENCY OF DETECTIONS IN MUSSEL TISSUE 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID RF-Muoz-99.4 
SAMPLE DATE l/16/99 

INORGANICS (mg/kg) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
It-On 

Lead 
Magnesium 
Manganese 
Mercury 

Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

319 
17.43 u 

15.2 

1.2 J 

6.1 U 
0.21 

19800 

1.1 

0.34 J 
4.1 

473 

3410 

22.8 

0.082 

1.1 J 
6390 

3.5 

5.36 U 
27200 

13.41 u 

3.1 

38.3 

RF-MUSSELxls FOD 2/l 5199 Page 1 of 1 
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FREQUENCY OF DETECTIONS IN MUSSEL TISSUE 
REFERENCE AREAS 

STONE BAY AQriATIC ASSESSMENT, CTO-0100 
MCB, CAMI? LEJEUNE, NORTH CAROLINA 

SAMPLE ID RF-MSJ02-99A 

SAMPLE DATE 1116199 

WET WEIGHT BASIS 

Percent Lipids (%) 

Moisture (%) 

1.1 

82 

RF-MUSSEL.xls lioids 205199 Page 1 of 1 



FREQUENCY OF DETECTIONS IN OYSTER TISSUE 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID 
SAMPLE DATE 

INORGANXCS (mgkg) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

RF-OYO 1-99A 
1/16/99 

104 320 
0.13 u 3.88 U 
18.8 32.2 

1.2 J 1.2 J 
0.05 u 1.49 u 
0.2 J 1.8 

4390 18200 
0.85 1.5 

2.6 0.84 J 
8.2 88.2 

243 581 
2 1.2 

5900 6150 
10.3 19.2 

0.094 0.156 
4.5 2.1 J 

7500 15200 
2.3 5.6 

0.04 u 1.4 
46800 51000 

0.1 u 2.99 u 
3.3 4.6 

88.9 2230 

RF-OY02-99A 
1116l99 

RF-OYSTER.xls FOD 2115199 Page 1 of 2 



SAMPLE ID 
SAMPLE DATE 

INORGANICS (mg/kg) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Metcu~ 

Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 

Minimum Maximum 
Non-Detect Non-Detect 

ND 
0.13 u 
ND 
ND 

0.05 u 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

0.04 u 
ND 
0.1 u 
ND 
ND 

ND 104 
3.88 U ND 
ND 18.8 
ND 1.2 J 
1.49 u ND 
ND 0.2 J 
ND 4390 
ND 0.85 
ND 0.84 J 
ND 8.2 
ND 243 
ND 1.2 
ND 5900 
ND 10.3 
ND 0.094 
ND 2.1 J 
ND 7500 
ND 2.3 

0.04 u 1.4 
ND 46800 

2.99 u ND 
ND 3.3 
ND 88.9 

FREQUENCY OF DETECTIONS IN OYSTER TISSUE 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMI’ LEJEUNE, NORTH CAROLINA 

Minimum 
Detected 

Maximum 
Detected 

Location of 
Maximum Detect 

320 RF-OY02-99A 212 212 212 
ND o/2 ND ND 

32.2 RF-OY02-99A 212 25.5 25.5 
1.2 J RF-OYOI-99A,RF-OY02-99A 212 1.2 1.2 

ND o/2 ND ND 
1.8 RF-OY02-99A 212 1 1 

18200 RF-OY02-99A 212 11295 11295 
1.5 RF-OY02-99A 212 1.18 1.18 
2.6 RF-OYO 1-99A 212 1.72 1.72 

88.2 RF-OY02-99A 212 48.2 48.2 
581 RF-OY02-99A 212 412 412 

2 RF-OYO l-99A 212 1.6 1.6 
6150 RF-OY02-99A 212 6025 6025 
19.2 RF-OY02-99A 212 14.75 14.75 

0.156 RF-OY02-99A 212 0.13 0.13 
4.5 RF-OYOl-99A 212 3.3 3.3 

15200 RF-OY02-99A 212 11350 11350 
5.6 RF-OY02-99A 212 3.95 3.95 
1.4 RF-OY02-99A 112 1.4 1.4 

51000 RF-OY02-99A 212 48900 48900 
ND o/2 ND ND 
4.6 RF-OY02-99A 212 3.95 3.95 

2230 RF-OY02-99A 212 1159.45 11,59.45 

Frequency Arithmatic Mean 
of Detection Positive Detects 

Median 
Positive Detects 

RF-OYSTER.xls FOD 2/l 5199 Page 2 of 2 
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RF-OYSTER.xls lipids 2/15/99 Page 1 of 1 

FREQUENCY OF DETECTIONS IN OYSTER TISSUE 
REFERENCE AREAS 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID RF-OYOI-99A RF-OY02-99A 

SAMPLE DATE l/16/99 l/16/99 

WET WEIGHT BASIS 

Percent Lipids (%) 

Moisture (%) 

0.1 0.6 



FREQUENCY AND RANGE OF SEDIMENT DATA COMPARED ?O SEDIMENT SCREENING LEVELS AND REFERENCE AREAS 
STUD1 AREA 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

I I I 1 

Sediment Screening 
Values (SSVs) 

Contaminant Frequency/Range 
No. of 

Positive Range of 

No. of Positive 
Detects Above 

ssv 
Reference Areas 

I ( iz (‘1 IER-M t2) 1 ~~~~~~~ 1 Positive 

Analvte Detections I ER-L I ER-M I Range I Mean I 
Inorganics (mg/kg) 
Aluminum 
Arsenic 

Barium 

NE NE 515 1,580 - 14,800 NA NA 3,000 - 8,160 5,580 
7.24 70 415 0.845 - 6.8 0 0 2.4 - 6 4.2 

500 @) NE 515 2.15- 14.45 0 NA 3.55 - 8.95 6.2 

Iron NE 27000 (4) 
Lead 30.2 218 
Magnesium NE NE 

Manganese 460 (5) 1*00 (5) 515 4.2 - 88 0 0 17.7 - 58.7 38.2 
Nickel 15.9 51.6 l/5 5.8J 0 0 4.75 4.7 
Potassium NE NE 515 2735 - 2,510J NA NA 605J - I,5005 1,053 
Silver 1 3.7 515 0.465 - 4.65 1 1 1.5J - 3.25 2.35 
Sodium NE NE 515 NA NA . , 1,860 - 15,000 3,470 - 9,470 6,470 

l/5 1.35 NA NA ND NA 
Vanadium 1 NE 1 NE I 515 3.6J - 25.7J NA NA 7.7J - 19.25 13.45 
Zinc 1 124 I 410 5/5 2.95 - 38.8 0 0 7.9 - 23.8 15.85 

/Thallium 1 NE ( NE 

J - value reported is estimated 
mg/kg - milligrams per kilogram 
SSV - Sediment Screening Value 
NE - Not Established 
ND - Not Detected 
NA - Not Applicable 

(1) Region IV Sediment Screening Value (USEPA, 1995), unless otherwise noted 
(2) Long et al. (1995) value, unless otherwise noted 
(3) Sullivan,et al., 1985 
(4) TetraTech, 1986 (apparent effects threshold) 
(5) Canadian Screening Value (CMEE, 1993) 



FREQUENCY AND RANGE OF MUSSEL TISSUE DATA COMPARED TO REFERENCE AREAS 

STUDY AREA 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

1 Contaminant Frequency/Range 
No. of 

Positive 
Detects/No. 

Range of 

Positive Reference Area 
Detection Analyte of Samples Detections 

I I 
I Inorganics (mg/kg) 

IA1 uminum I 313 I 317- 1.010 319 
1 Arsenic I 313 I 11 - 37.4 15.2 
IBarium I 313 1 0.835 - 2.3J 1.25 

ND Beryllium 
Cadmium 

l/3 0.05J 
I 3/3 0.19 - 0.52 0.21 

19,800 Calcium 3f3 8,470 - 24,100 
Chromium 313 0.82 - 2. 

Cobalt 313 0.355 - 0.645 I 

1.1 
0.345 

Copper 313 4.1 - 12.9 4.1 
llron 1 366- 1100 473 
I Lead I 1.3 - 4.8 1 

3,410 Magnesium 313 3,010 - 7,950 

Manganese 313 18.1 - 91.9 

Mercury 313 0.086 - 0.157 
22.8 

0.082 _ I  I  

Nickel 313 0.735 - 35 l.lJ 

6,390 
I  

Potassium 313 6,080 - 18,900 

Selenium 3/3 3.3 - 9.4 3.5 
27.200 Sodium 3/3 24,100 - 69,800 

Vanadium 313 1.9 - 4.9 

Zinc 3/3 34.1 - 101 
3.1 

38.3 

Notes: 

J - value reported is estimated 
mg/kg - milligrams per kilogram 
Reference is based on one sample: therefore, the mean value is not calculated. 



FREQUENCY AND RANGE OF OYSTER TISSUE DATA COMPARED TO REFERENCE AREAS 
STUDY AREA 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Inorganics (mg/kg) 
Aluminum 

Analyte 

IA rsenic 

IB arium 

ICobalt 
Copper 
Iron 

I Lead 

1 Mercurv 

ISilver 

Contaminant Frequency/Range 
No. of 

Positive Range of 
Reference Areas 

Detects/No. Positive 
of Samples Detections Range Mean 

515 49.3 - 111 104 - 320 212 
515 4.1 - 12.5 18.8 - 32.2 25.5 
515 0.35 - 0.835 1.25 1.2 
5J5 I 0.6 - 1.7 I 0.25 - 1.8 I I 

5J5 2,330 - 7,840 4,390 - 18,200 11,295 

5J5 0.43 - 0.72 0.85 - 1.5 1.18 

3J5 0.215 - 0.375 0.845 - 2.6 1.72 
5/5 17.1 - 50.3 8.2- 88.2 48.2 

5J5 123 -228 243 -581 412 

515 0.4 - 1.6 1:2-2 1.6 
5J5 2,450 - 5,110 5,900-6,150 6,025 

5J5 5.7 - 11.8 10.3 - 19.2 14.75 

515 0.053 - 0.252 0.094 - 0.156 0.13 

5J5 l.lJ - 2.4 2.1 - 4.5 3.3 

5J5 5.000 - 11.200 7.500 - 15.200 11.350 
1 I  I--~ 

5J5 I 
I  

1-3.2 I 2.3 - 5.6 4 
I  I  I  

l/5 0.345 I 1.4 I I .4 

5/5 18,600 - 43,800 46,800 - 51,000 1 48,900 
5J5 0.355 - 1.75 3.3 - 4.6 1 3.95 

I I I 

5J5 722- 1,280 88.9 - 2,230 1,159.50 

Notes: 

J - value reported is estimated 
mg/kg - milligrams per kilogram 



FREQUENCY AND RANGE OF CLAM TISSUE DATA COMPARED TO REFERENCE AREAS 
STUDY AREA 

STONE BAY AQUATIC ASSESSMENT, CTO-0100 - - 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Analyte 

Contaminant Frequency/Range 

No. of 

Positive Range of 

Detects/No. Positive 

of Samples Detections 

Reference Areas 

Range Mean 

Inorganics (mglkg) 

Aluminum 
Arsenic 

Barium 
.Cadmium 

l/l 275 64.2 - 249 157 
i/l 12.4 11.1 - 16.2 13.65 

l/l 1.75 0.99J - 1.75 1.35 
l/l , 0.47 , 0.21 -0.235 , 0.22 

Calcium l/l 12,400 3,840 - 5,720 4,780 

Chromium l/l 1.2 0.62 - 1.2 0.9 1 

Cobalt l/l 2.35 1.45 - 2.15 1.75 

Copper l/l 12.6 9.5 - 10.1 9.8 
Iron l/l 442 158 - 370 264 

Lead l/l 1.8 0.7 - 1 0.85 

Magnesium l/l 8,370 4,950 - 6,020 5,485 

,f-Y 
Manganese l/l 33.5 9 9 

- , Mercury l/l , 0.05 , 0.05 0.054 , 0.05 

Nickel l/l 4.1 3.6-4 3.8 

Potassium l/l 11,600 6,240 - 9,740 7,990 

Selenium l/l 2.8 2 - 3.1 3 
Sodium l/l 71,900 39,990 - 48,900 44,400 

Vanadium l/l 1.9J 2.5 - 3.1 2.8 
I  

Zinc I l/l I 117 I 86.1 - 125 I 105.55 

Notes: 

Clams were only obtained from one study area sampling station. 

J - value reported is estimated 

mg/kg - milligrams per kilogram 







TOTRL METClLS 

INORGCSNIC LlNQLYSIS DQTfl SHEET 

Lab Name: CEIMIC CORPOKQTION 

EPA SMWLE NO. 

I I 
1 W-SD01 -338 I 
I -“......- I 

Cont.ract: BflKEK ENU. 

Lab Code: CEIMIC Case No. : CT0 i00 SFIS No.: SDG No.: Y0133cI 

Matrix (soil/water): SOIL Lab Sample ID: 330034-13 S 

Level <lowAned): LOW Date Received: 01/13/33 

?I Solids: 73.0 

Concentration Units (ctq/L or mu/Kg d.ry weight): PIG/KG 

I I I I I I I 
ICAS No. 
I . . . ..“.A--- 
17423-90-5 
17440-36-0 
17440-38-2 

#F=- 17440-33-3 
17440-41-7 

I Aluminum I 
I C)ntimony I 
I Rrsenic I 
I Ear i um I 
IEerylliuml 

17440-02-0 

17440-43-4 

I Nickel' 

I Cadmium 1 
17440-70-2 

I 

I Calcium I 
17440-47-3 

17440-03-7 

I Chromium I 
17440-48-4 

I Potassium 

ICobalt I 

I 

17440-50-8 IC0ppe.r I 

17782-43-2 

17433~83-E. 

I Selenium 

I Iron 

I 

I 
17433-32-j. I Lead 

17440-22-4 

I 
17433-35-4 

I Silver 

I Magnesium I 

f 

17439-3&-s I Manganese I 

17440-23-5 

17433-37-d 

I Sodium 

I Mercury I 

I 
17440-28-0 IThallium I 

fhalyte I Concentration I C l O III I 
I I I I I --- --.~____ - -.-- _-- 

3000 I I f 
0.53llJl N 

2.3 I 

2.4 I I 
3.5 IRI 

UI 

0.23IUl 
0.03lUI 

5320 I I 

605 I 

7.8 I I 
1.2 IUI 

El 

2.4 IUI 
3620 I I # 

0.731 

4.6. I I * 
1420 I I 

UI N 

17.7 I I 
0.0GIUl 

1 .s I El 
3470 I I 

0.461 191 
I 7440-62-2 I Vanadium I 
I7440+&-E, I Zinc I 

7.7 IBI 
7.3 I I 

IF’ I 
IF’ I 
IF‘ I 
IF’ I 
IP I 
IF’ I 
IF’ I 
IF’ I 
IP I 
IF‘ I 
IF’ I 
IF’ I 
IF’ I 
IF’ I 
llwl 
IF’ I 
IP I 
IF’ I 
IF’ I 
IF‘ I 
IF’ I 
IP I 
IF’ I 

I I I 1-l I I - 

Color Befo*re: BKOtlN Clarity Before: Textu.re: MEDIUM 

Col0.r Clfte-r: COLORLESS Clarity Qfter: R-rtifacts: 

,flnents: 

FORM I - IN ILM04.0 
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TOTAL METQLS 
1 

F”.. 

INORGCSNIC ANCSLYSIS DRTG SHEET 

Lab Name: CEIMIC COHPOHQTION 

EPA SMlF’LE NO. 

i I 
I RF-SD02-330 I 
I I ---_...._----...-- 

Cowtract: BAKER ENV. 

Lab Code: CEIMIC Case No. : CTCI 100 SAS No.: SDG No.: Y0133FI 

Matrix (soi l/water) : SOIL Lab Sample ID: 330034-20 S 

Level (low/med) : LOW Date Received : 01/1.3/33 

ir Solids: 43” 2 

Concentration Units lug/L o’r mg/Kg dry weight) : PIG/KG 

I I I I I I I 
ICAS No. I An~1yt.e I Concentration I C I R III I 
I I I I I I I . . ..-.............-- - -- I------- -- -- - 
17423-30-5 i Aluminum I 8i.60 I I * 1P I 
17440-36-0 I thtimony I 1.0 IUl N IP I 
17440-38-2 I krsenic I 6.0 I I IP I 
17440-33-3 I Barium I a.3 IBI IF’ I 
17440-41-7 1 Ee.ryl.liuml 
17440-43-3 I Cadmium I 
17440-70-2 I Calciua~ I 
17440-47-3 I Chromium I 
17440-48-4 1 Cobalt I 
17440-50-a I Copper I 
17433-83-E I I*rofl I 
17433-32-l I Lead I 
17433-35-4 I MagnesiumI 
17433-36-5 I Manganese I 
17433-37-6 1 Mercu.ry I 
17440-02-O I Nickel I 
17440-03-7 I F’otassium 1 
177a2-43-2 I Selenium I 
17440-22-4 I Silver I 
17440-23-5 I Sodium I 
17440~28-0 I Thallium I 
17440-62-2 I Uanad ium I 
17440-66-6 I Zinc I 

0.33lUI IP I 
0.15lUI IP I 

26300 I I IF’ I 
13.2 I I IF* I 

2.1 IEl IF’ I 
4.6 IHI IF’ I 

10100 I I f; IF’ I 
10.5 I I t IF’ I 

4200 I I IP I 
58.7 I I IP I 

0.03lUI IwJl 
4.7 IBI IF‘ I 

1500 IEl IF’ I 
I.6 IWI N IF’ I 
3.2 lb1 IF’ I 

3470 I I IP I 
0.77lUl IF I 

13.2 IBl 
23.8 I I 

IF’ I 
IF’ I 

I I I I-1 I I - 

Color Eiefowz: EiHOWN Clarity Before: Textu.re: MEDIUM 

Cal or fif ter : COLORLESS Clarity Clfter: Artifacts: 

c\lents: 
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TOTCSL METQLS 
1 

EPCI SMIF‘LE NO. 
INORGBNIC ANRLYSIS DfiTfi SWEET 

I I 
I SE-SDB.l,-33R I 

Lab Name: CEIMIC CORPORATION I -w. I ---- 

Cowbract: EI?KER EN’J. 

Lab Code: CEIMXC Case No. : CTO 100 5135 No.: SDG No. : Y0133cI 

Mat,ri x (soi l/wate-r) : SOIL Lab Sample ID: 330034-14 S 

Level (low/med> : LOW Date Received: 01/13/33 

X Solids: 76.4 

Concentration Units tug/L OT mg/Kg d.ry weight): llG/KG 

-------.-- 
I I I I I I I 
ICAS No. I finalyte i Concentration I C I O IN I 
I I- i ---i-i--..-.“- _ I I 
17423-30-5 I Aluminum I 
17440-36-0 I Antimony I 
17440-38-2 IRrsenic I 
17440-33-3 I Ba.rium I 
17440-41-7 
17445-43-3 
17440-70-2 
17440-47-3 
17440-43-4 
17440-50-5 

Eerylliumi 
Cadnsium I 
Calcium I 
Chromium I 
Cobalt I 
Copper I 

1750 I I * 
0.GGiUl N 
1”l IEI 
2.3 IEl 
0.26lUl 
0.10liJI 

484 IEI 
5.6 I I 
1.4 IUI 
2.7 Ill1 

IF’ I 
IF’ I 
IF‘ I 
IF’ I 
IF’ I 
IP I 
IP I 
IF’ I 
IP I 
IF’ I 
IP I 
IP I 
IF’ I 
IP I 
IIVJI 
IF’ I 
IF’ I 
IP I 
IP I 
IF’ I 
IF’ I 
IF’ I 
IF’ I 

17433-83-E I Iron I 2380 I I * 
17433-32-i itead I 6.0 I I * 
17433-35-4 I Magnesium I a43 IBI 
17433-36-5 I Manganese I 8.3 I I 
17433-37-C I llercu~ry I 0.05iUI 
17440-02-0 I Nickel I 2 .5 iui 
17440-03-7 I Potassium I 430 IEI 
17782-43-2 I Selenium I 0.8.l.lUl N 
17440-22-4 I Silver I 0.75lBi 
17446-23-Z I Sodium I 3380 I I 
17440-28-0 I Thallium I 0.SlIUI 
I 7440-62-2 I Uanad ium I 5.3 IHI 
17440-66-E, IZinc I 5.8 I I 
I I I -- 1-1 I -..I 

Color Before: SHOWN Clarity Before: Texture: MEDIUM 

Color After: COLORLESS Clarity Rfte.r: kktifacts: 

,- lents: 

131 

FORM I - IN ILM04.0 



TOT/AL METfiLS 
i 

EF’Cl SCSMF‘LE NO. 
INORGfiNIC RNFSLYSIS QRTfi SHEET ------_- 

I I 
I SE-SQ02-3W 

Lab Name: CEIMIC CORPORRTION I . ..- -1 

Cantract: EWEi? ENU. 

Lab Code: CEIIIIC Case Na. : &TO 100 SASS Na. : SQG No.: YQl.3’3A 

Matrix (sail/water> : SOIL Lab Sample IQ: 930034-l.5 S 

Level (law/med) : LOW Date Received: 01/19/W 

% Solids: 74.6 

Concentration Units (ug/L 07‘ mg/Kg dry weight): MG/KG 

ICRS Na. 
I- 
i 742%30%-- 
17440-36-0 
17440-38-2 
17440-39-3 
1744%-41-7 I Beryll ium I 0.24lUi 

0.03lUI 
161 I81 

4.2 I I 
1.3 IUI 

16.6 I I 

17440-43-9 I Cadmium I 
17440-70-2 ICalcium I 
17440-47-3 I Chromium 1 
17440-48-4 ICobalt I 
17440-50-8 I Capper I 
17433-89-E, I I.ran I 
17433-92-l ILead I 
1743’3-35-4 I Magnesium I 
17433-36-5 I Manganese I 
17433-37-E I Mercu*ry I 
17440-02-0 INickel I 
17440-03-7 I Potassium I 
17782-43-2 I Selenium I 
17440-22-4 I Silver I 
17440-23-5 I Sadium I 
17440-28-O I Thallium I 
17440-62-2 I Vanadium I 
17440-66-d IZinc I 

Analyte I Cancentratian 1 C I R IM I 
1 I I I I -I --.I__.~ 

Rluminum I 
I VI- -I 

1780 I I x IP I 
Antimony I B.Ll.IUI N IP I 
Rrsenic I 0.85lBl IF’ I 
Barium I 2.1 IEI IF’ I 

Fi I 
F’ I 
F’ I 
P I 
P I 
F’ I 

2120 I I * IF’ I 
5.7 I I * IF’ I 

532 IEl IF’ I 
6.3 I I IF’ I 
0.06lUI IAVI 
2.3 IUI IP I 

341 IBI IF‘ I 
0.75iUI N IP I 
0.30iBI IF’ I 

2530 I I IF’ I 
0.47iUl IP I 
4.5 IBI IF’ I 
5.6 I I IF’ I 

I I I I-1 I I - 

Colar Before: BROWN Clarity Before: Textuere: MEDIUM 

Color After: COLORLESS Clarity fifter: Clrtifacts: 
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TOTfiL METC)LS 
1 

El% SQMPLE NO. 
INOHGlrSNIC IsNflLYSIS DQTA SHEET 

I I 
1 SB-SD03-33A I 

Lab Name: CEIMIC COHPOH~TION I I -.--- 

Contract: BQKEK ENU. 

Lab Code: CEIMIC Case No. : CT0 100 SAS No.: SDG No,: Y0133Q 

Matrix (soi l/water) : SOIL Lab Sample ID: 330034-16 S 

Level (low/med) : LOld Date Received: 01/13/33 

?I Solids: 52.3 

Concentration Units (ug/L or mg/Kg dry weight) : MG/KG 

ICkS No. I r?nalyte I Concentration 
I I 1 I --- --- 
17423-30-5 I filuminum I 1580 
l7440-36-0 I nntirnony I 0.57 
17440-35-2 lhsenic I 0.68 
17440-33-3 I Ba.riunl I 2.2 

Cl Q Ill I 
I I I - -......... - 
I R IF’ 1 

UI N IP i 
Lll IF’ I 
BI IF’ I 

17440-41-7 IBerylliuml 
17440-43-3 I Cadmium I 
17440-70-2 I Calcium I 
17440-47-3 I Ch-romium I 
17440-48-4 ICobalt I 
17440-50-5 I Copper I 
17433-83-G I Iron I 
17433-32-j. I Lead I 
17433-35-4 I Magnesium I 
17433-36-5 I Manganesel 
17433-37-E I Mercury I 
17440-02-0 I Nickel I 
17440-03-7 I Potassium I 
17752-43-2 I Selenium I 
17440-22-4 I Si1ve.r I 
17440-23-s I Sodium I 
17440-25-0 I Thallium I 
I 7440-62-2 I Uanad iunt I 
17440~E&-E1 IZinc I 
I -..---.I I 

0.22lUl !F’ I 
0.03 I U I IP I 

323 IEI IF’ I 
3.2 I I IP I 
1.2 Ill1 IF’ I 
2.4 IBI IP I 

1450 I I Y IF* I 
2 5 I I * .h. IF’ I 

511 IBI IF’ I 
4.2 I I IF’ I 
0.061111 IAUI 
2.2 IUI IF‘ I 

255 181 IF’ I 
0.70lUI N IP I 
0.46lEl IF’ I 

2050 I I IP I 
0.44lUI iP 1 
3.7 IBI IP I 
2.3 IEI IF’ I 

I-1 I I - 

Co1o.r Before: BROWN Clarity Before: Textu.re: MEDIUM 

Color Rfte.r: COLORLESS Clarity Clfter: Artifacts: 

/“‘- lents: 

FORM I - IN ILM04.0 
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TOTAL METflLS 
1 

.P--- 
EPR SAMPLE NO. 

INORGANIC RNGLYSIS DIISTfi SHEET --- 
l ‘I 
I SB-SD04-33Q I 

Lab Name: CEIMIC COHPORRTION I 1 -----------_ 

Contract: BAKER ENV. 

Lab Code: CEIMIC Case No. : CT0 100 SAS No. : SDG No. : Y013317 

Matrix (soil/water): SOIL Lab Sample ID: ‘390034-17 S 

Level (low/med) : LOW Date Received: 01/13/33 

ir Solids: 35. a 

Concentration Units tug/L OT mg/Kg d.ry weight) : MO/KG 

I I I I I I I 
ICQS No. 
I 
17423-90-5 
17440-36-B 
17440-38-2 
17440-39-3 
17440-41-7 
17448-43-Y 
17440-70-2 
17440-47-3 
17440-48-4 
17440-50-a 
17433-83-6 
17433-82-l 
17433-35-4 
17433-36-5 
17433-37-G 
17440-02-e 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 

hdlyte I Concentration ICI 
I 1 _~--- -- _...I 

Aluminum I 14800 I I 
kktimony I 1.4 IUI 
Qrsenic I c-8 I I 
Ba-rium I i4.4 IEI 
Berylliumi 0.53lUI 
Cadmium I 0.21 IUI 
Calcium I 4’330 I I 
Ch*romium I 23.8 I I 
Cobalt I 2.8 iui 
Copper I a.7 IBI 
Iron I 17400 I I 
Lead I 20.7 I I 
Magnesium I 5290 I I 
llanqanese I 88.0 I I 
Me*rcury l 0.13lUI 
Nickel I 5.8 IEl 

R Ill I 
I I -......-..-... - 

w IP I 
N IF’ I 

IF’ I 
IP I 
IF’ I 
IF’ I 
IF’ I 
IF’ I 
IF’ I 
IP I 

* IF’ I 
# IF’ I 

IF’ I 
IF’ I 
ICSVI 
IP I 

17440-0’3-7 I Potassium I 
i 7782-49-2 I Selenium I 
17440-22-4 I Silve'r I 
I 7440-23-5 I Sod i cm I 
f 7440-28-0 I Thallium I 
17440-62-2 I Vanadium I 
17440--G&-d IZinc I 

2510 INI IP I 
1.7 IUI N IF’ I 
4.6 IBI IF’ I 

15000 I I IF’ 1 
1.3 IEI IF’ I 

25.7 IBI IF’ I 
38.8 I I IF’ I 

I -,-..--I I I-1 I -- -- -I 

Color Before: BROWN Cla*rity before: Tex tu.re: MEDIUM 

Colo’r C)fte-r: COLORLESS Clarity Clfter: Artifacts: 

F’rents: 

FORM I - IN ILM04.0 



TOTRL METGLS 
1 

EF’G SMlPLE NO. 
INORGRNIC MRLYSIS DRTR SHEET 

I I 
I SE-SD05-33A I 

Lab Name: CEIMIC CQHPOH~TION I I -em---...- 

Contract: BAKER ENU. 

Lab Code: CEIMIC Case No. : CT0 100 SAS No. : SDG No.: Y0133A 

Matrix (soil/water> : SOIL Lab Sample ID: 330034-18 S 

Level (low/med) : LOW Date Received: 01/13/33 

% Solids: 73. i 

Concentration Units <ug/L or mg/Kg d.ry weight): MG/KG 

I I I I I I I 
ICAS No, 
I --.~- 
17423-30-5 
17440-36-O 
17440-38-2 
17440-33-3 
17440-41-7 
17440-43-3 
17440-70-2 
17440-47-3 
17440-48-4 
17440-50-8 
17433-83-6 I K.ron I 1660 I 1 * 
17433-32-1 I Lead I 3.4 I I * 
17433-35-4 I Magnesium I 475 IEI 
17433-3&-5 I Manganese I 8.7 I I 
17433-37-6 I Me*rcury I 0.06lllI 
17440-02-0 INickel I 2.2 IUI 
17440-03-7 I Potassium I 273 IlEl 
17782-43-2 1 Selenium I 0.72lUl N 
17440-22-4 ISilver I 0.60lEI 
17440-23-5 I Sodium I 1860 I I 
17440-28-O IThallium I 0.45lUI 
17440+,2-Z IUtanadium I 3.6 IEI 
17440-66-6 I Zinc I 3.3 IEI 
I I I - ~.....~.- 

I 

,I 

1%-3alyte IConcentrationlCl R Ill I 
I I I I I - --- - --. -- 

I CSluminum I 1580 I I * 
I 
I 
I 
I 
I 
t 
I 
I 
I 

~ntimcnny I 
Prsenic I 
Barium I 
beryllium 1 
Cadmium I 
Calcium I 
Chromium I 
Cobalt I 
Copper I 

0.S~llJl N 
0.84lEl 
2.7 IEI 
0.23lUl 
0.03lUI 

1320 I’ I 
3.3 I I 
1.2 IUI 
2.3 IUI 

Color Eefo-re: BROWN Clarity Before: 

Color Gfte-r: COLORLESS Clarity CSfter: 

IF’ I 
IF’ I 
IF’ I 
IP I 
IF‘ I 
IF’ I 
IP I 
IF’ I 
IF’ I 
IF’ I 
IF’ I 
IF’ l 
IF’ I 
IP I 
IAUI 
IP I 
IF’ I 
IF‘ I 
IF’ I 
IF’ I 
lF’ I 
IF’ I 
IF’ I 
I I - 

Texture: MEDIUM 

Rrtifacts: 
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CEIMIC 
Corporation 

“Analytical Chemistry for Environmental Management ” - 

Client: Baker Environmental 

Client Sample ID: RF-SDOl-99A 

Date Sampled: 01/16/99 

Date Sample Received: 01/19/99 

TOTAL ORGANIC CARBON 

EPA 415.119060 

Laboratory ID: 990034-19 

Percent Solids: 73 .O 

Matrix: Sediment 

Target Analyte 

Total Organic Carbon 
r--- 

Dry weight basis. 

Method Date Date 
Result Units Reporting Limit Prep’d Analyzed 

4930 mg/Kg + 68.5 01/25/99 01125199 

Reported by: 
p”““- 

Approved by: 

Inorganic Analytes Page 2 



CEIMIC 

Client: Baker Environmental 

Client Sample ID: RF-SD02-99A 

Date Sampled: 01/16/99 

Date Sample Received: 01/19/99 

Matrix: Sediment 

Corporation 
“Analytical Chemistry for Environmental Management ” 

TOTAL ORGANIC CARBON 

EPA 415.1/9060 

Laboratory ID: 990034-20 

Percent Solids: 49.2 

Target Analyte Result Units 
Method 

Reporting Limit 
Date Date 

Prep ‘d Analyzed 

Total Organic Carbon 

,- 

-, L)ry weight basis. 

12400 mg/Kg + 102 01/25/99 01125199 

Re Fg orted by: Approved by: 

Inorganic Analytes Page 3 





1145 MASSACHUSETTS AVE. 
BOXBOROUGH, MA 01719 

,-,. 978-635-0424 (FAX) 978-635-0266 

January 26,1999 

Ms. Peg Marple 
Ceimic Corporation 
10 Dean Knauss Drive 
South Ferry Industrial Park 
Narragansett, RI 02882 

RE: Baker Environmental (GTX-2130) 

Dear Ms. Marple: 

. 

Enclosed are the test results you requested for the above referenced project. We received the following 
three soil samples from you on January 22, 1999: 

RF-SD01 -99A 
RF-SD02-99A 
SB-SDOI-99A 

A copy of the chain of custody form for these samples is located at the back of this report. GeoTesting 
Express performed one sieve analysis (ASTM D 422) and one Atterberg limits (ASTM D 4318) on each of 
these samples. Two of the samples were determined to be,non-plastic. 

The results presented in this report apply only to the items tested. This report shall not be reproduced 
except in full, without written approval from GeoTesting Express. The remainder of these samples will be 
retained for a period of sixty days and will then be discarded unless other-w/se notified by you. Please call 
me directly if you have any questions or require additional information. Thank you for allowing us this 
opportunity to once again provide your firm with physical properties testing of soils. We look forward to 
working with you again in the future. 

Respectfully yours; 

Gary T. Torosian 
Laboratory Manager 

P--. 
._ 

Totally Automated 
Geotechnical Testing 39’2 . i 
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Boring No. : --- Project : Baker Environmental 

Sample No.: RF-SD01 -99A Project No.: GTX-2130 

Test Method ASTM D 422 Location: --- 

Filename : RFSD0199 Dote : Tue Jan 26 1999 

U.S. STANDARD SIEVE SIZE 
4” 2” 1 ” 0.5” iv #‘O #20 #40 #60 #lOO #ZOO #400 

.i. 

:.. 

f 

.:. 

.i- 

-:-. 

. . . 

_:_ 

.:. 

i- 

-k 

GRAIN SIZE IN MILLIMETERS 

GRAVEL SAND I 

COBBLES SILT OR CLAY 
COARSE FINE COARSE MEDIUM FINE 

- 

Classification : 
(SM) Silty sand 

Visual Description : 
Wet, dork greenish gray silty sond 

Remarks : 
Hydrometer not requested 

Figure 1 
~_____.. 



Tue Jan 26 13:59:12 1999 

GEOTECHNICAL LABORATORY TEST DATA 

Project : Baker Environmental 
Project No. : GTX-2130 Depth : --- 
Boring No. : --- Test Date : 01/25/99 
Sample No. : RF-SDOl-99A Test Method : ASTM D 422 
Location : --- 
Soil Description : Wet, dark greenish gray silty sand 
Remarks : Hydrometer not requested 

FINE SIEVE SET 
'Sieve Sieve Openings Weight Cumulative 
Mesh Inches Millimeters Retained Weight Retained 

(gm) (gm) 
__________ ______ ----------- _ _ _ _ _ _ _ _ _-_-__--___-___ 
#4 0.187 4.75 0.00 0.00 
#lO 0.079 2.00 0.17 0.17 
#20 0.033 0.84 0.31 0.48 
#40 0.017 0.42 0.25 0.73 
#60 0.010 0.25 4.59 5.32 
#lOO 0.006 0.15 80.33 85.65 
#200 0.003 0.07 21.24 106.89 
Pan 16.89 123.78 

Total Dry Weight of Sample = 133.01 

D85 : 0.2295 nun 
060 : 0.1881 mm 
D50 : 0.1736 mm 
D30 : 0.1442 m m  

D15 : 0.0782 m m  

DlO : 0.0638 mm 

Soil Classification 
-7 ASTM Group Symbol : SM 

ASTM Group Name : Silty sand 
AASHTO Group Symbol : A-2-4(0) 
AASHTO Group Name : Silty Gravel and Sand 

Page : 1 

Filename : RFSD0199 
Elevation : --- 
Tested by : tje 
Checked by : gtt 

Percent 
Finer 
(0) 

100 
100 
100 

99 
96 
31 
14 

0 

4 
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--.. LIQUID LIMIT, LL 

ATTERBERG LIMITS 

)ROJECT 
joker Environmental 

.OCATION 

;AMPLE DESCRIPTION 
Yet, dark greenish gray silty sand 

PROJECT NUMBER 
GTX-2130 

TESTED BY 
ije 

CHECKED BY 

gtt 

DATE 
Tue Jan 26 1999 

BORING NUMBER 
--- 

SAMPLE NUMBER 
RF-SD01 -99A 

FILENAME 
RFSD0199 

I I 

LIQUID LIMIT DETERMINATIONS 

CONTAINER NUMBER 

WT. WET SOIL t TARE 

WT. DRY SOIL t TARE 
-1 

WT. WATER 

TARE WT. 

WT. DRY SOIL 

WATER CONTENT, W, (%) 

NUMBER OF BLOWS, N 

ONE-POINT LIQUID LIMIT, LL 

PLASTIC LIMIT DETERMINATIONS 

CONTAINER NUMBER 

WT. WET SOIL t TARE 

WT. DRY SOIL t TARE 

WT. WATER 
--- 

TARE WT. 
j 

~-- i 
WT. DRY SOIL 

WATER CONTENT (%) 

1 LIQUIDITY INDEX, II’ I 

‘LI = (w - PL)/PI 
PLASTICITY CHART 

* 
GeoTesting Express l Boxborough, MA l (978) 6350424 l Fax (978) 6350266 &~-*$@~*$@ 



Boring No. : --- 

Sample No.: RF-SD02-99A 

Test Method ASTM D 422 

Filename : RFSD0299 

Project : Baker Environmental 

Project No.: GTX-2130 

Location: --- 

Date : Tue Jan 26 1999 
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U.S. STANDARD SIEVE SIZE 

4” 2” 1 ” 0.5” #4 #‘O #20 #40 #60 #100 #ZOO #400 
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500 100 5o 10 5 0.5 0 1 0.05 

GRAIN SIZE Ii: MILLIMETERS ’ 

0.01 0.0°5 O..OOl 

___- 
Classification : 

(CH) Sandy fot cloy 
Visuol Description : 

Very wet, dark greenish groy sbndy clay w/ shells 

--.-.- ___-. --- 

.-- -.-~ --.... ^ -... 
Remarks : 

Hydrometer not requested 

Figure 2 



Tue Jan 26 13:59:12 1999 

GEOTECHNICAL LABORATORY TEST DATA 

Project : Baker Environmental 
'Project No. : GTX-2130 Depth : --- 
Boring No. : --- Test Date : 01/25/99 
Sample No. : RF-SD02-99A Test Method : ASTM D 422 
Location : --- 
Soil Description : Very wet, dark greenish gray sandy clay w/ shells 
Remarks : Hydrometer not requested 

FINE SIEVE SET 
Sieve Sieve Openings Weight Cumulative 
Mesh Inches Millimeters Retained Weight Retained 

(gm) (gm) 
__________ ______ _____-__-__ _ _ _ _ _ _ _ _ __-____-_______ 
0.375" 0.374 9.51 0.00 0.00 
#4 0.187 4.75 0.11 0.11 
#lO 0.079 2.00 0.39 0.50 
#20 0.033 0.84 0.34 0.84 
#40 0.017 0.42 0.34 1.18 
#60 0.010 0.25 1.82 3.00 
#lOO 0.006 0.15 7.87 10.87 
#200 0.003 0.07 12.10 22.97 
Pan 27.25 50.22 

Total Dry Weight of Sample = 59.62 

D85 : 0.1856 mm 
IX0 : 0.0874 mm 
D50 : N/A 
D30 : N/A 
D15 : N/A 
DlO : N/A 

\ 
Soil Classification 

ASTM Group Symbol : CH 
ASTM Group Name : Sandy fat clay 
AASHTO Group symbol : A-7-6(24) 
AASHTO Group Name : Clayey Soils 

Page : 1 
- _ 

Filename : RFSD0299 
Elevation : --- 
Tested by : tje 
Checked by : gtt 

Percent 
Finer 
(%) 
_ _ _ - _ _ _ 

100 
lC0 

99 
98 
98 
94 
78 
54 

0 
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ATTERBERG LIMITS 

ROJECT 
oker Environmental 

OCATION 

AMPLE DESCRIPTION 
ery wet, dark greenish gray sandy clay w/ shells 

PROJECT NUMBER TESTED BY 
GTX-2 130 ije 

CHECKED BY 

gtt 

DATE 
Tue Jan 26 1999 

LIQUID LIMIT DETERMINATIONS 

BORING NUMBER 
--- 

SAMPLE NUMBER 
RF-SDOZ-99A 

FILENAME 
RFSD0299 

PLASTICITY CHART 

10 25 

NUMBER OF BLOWS, N 
LIQUID LIMIT, LL 

Fig. 2.0 

GeoTesting Express l Boxborough, MA l (978) 635-0424 l Fax (978) 6350266 -?# :* 



Boring No. : --- Project : Boker Environmental 

Sample No.: SB-SDOI-99A Project No.: GTX-2130 

Test Method ASTM D 422 Location: --- 

Filename : SBSOO199 Date : Tue Jan 26 1999 

90 

80 

2 
c.7 70 
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60 
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‘$ 50 

LL 

‘k-- 40 z 
w 
g 30 
2 

20 

10 

0 

U.S. STANDARD SIEVE SIZE 

#4 #TO #20 #40 #60 $100 #ZOO #400 

:- 

-: 

-: 

‘- 

60 

__,.___. 80 

GRAIN SIZE IN MILLIMETERS 

GRAVEL SAND I 

COBBLES SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 
-. ___ 

~~-- 

Classification : 
(SP-SM) Poorly graded sand with silt 

Visval Description : 

__-_-___- I___- 

Remarks : 
--- 

--- 

Wet, dork qreenlsh gray sand with silt 



Tue Jan 26 13:59:13 1999 

GEOTECHNICAL LABORATORY TEST DATA 

Project : Baker Environmental 
Project No. : GTX-2130 Depth : --- 
Boring No. : --- Test Date : 01/25/99 
Sample No. : SB-SDOl-99A Test Method : ASTM D 422 
Location : --- 
Soil Description : Wet, dark greenish gray sand with silt 
Remarks : --- 

FINE SIEVE SET 
Sieve Sieve Openings Weight Cumulative 
Mesh Inches Millimeters Retained Weight Retained 

(gm) (qm) 
____-_____ __-___ _-_______-- _ _ _ - - _ _ _ _______________ 

#4 0.187 4.75. 0.00 0.00 
#lO 0.079 2.00 0.08 0.08 
#20 0.033 0.84 0.08 0.16 
#40 0.017 0.42 0.29 0.45 
#60 0.010 0.25 12.89 13.34 
#lOO 0.006 0.15 38.42 51.76 
#200 0.003 0.07 36.88 88.64 
Pan 8.22 96.86 

Total Dry Weight of Sample = 106.28 

D85 : 0.2460 mm 
D60 : 0.1776 mm 
D50 : 0.1558 mm 
D30 : 0.1099 mm 
Dl.5 : 0.0834 mm 
DlO : 0.0761 mm 

Soil Classification 
ASTM Group Symbol : SP-SM 
ASTM Group Name : Poorly graded sand with silt 
AASHTO Group Symbol : A-3(0) 
AASHTO Group Name : Fine Sand 

Page : 

Filename : SBSD0199 
Elevation : --- 
Tested by : tje 
Checked by : gtt 

Percent 
Finer 
(%) 
- - - _ _ _ _ 

100 
100, 
100 
100 

86 
47 

8 
0 

GeoTesting Express l Boxborough, MA l (978) 6350424 l Fax (978) 6350266 



ATTERBERG LIMITS 

3oker Environmentoi 

Tue Jon 26 1999 

.--.___.- 
PLASTIC LIMIT DETERMINATIONS 

CONTAINER NUMBER 

WT. WET SOIL t TARE 

WT. DRY SOIL t TARE 

WT. WATER 

TARE WT. 

WT. DRY SOIL 

WATER CONTENT (X) 

SUMMARY OF RESULTS 

NATURAL WATER CONTENT, W (Xl I 27.9 I 

LIQUID LIMIT, LL I 

PLASTIC LIMIT, Pi 
._i 

__ .--. 
PLASTICITY INDEX. PI 

LIQUIDITY INDEX, Ll’ 
-y-..-- ._--... j 

l Ll = (w - PL)/PI 
PLASTICITY CHART 

GeoTesting Express l Boxborough, MA l (978) 635-0424 l Fax (978) 635-0266 





Tf3TAL METALS TISSUE 
1 

EPk S(?MF’LE NO. - - 
INJORGCINIC llNRLYSXS IKJTCI SHEET -........ ^_---.” ___--_ _I_ _-__ 

I I 
I RF-CL01-33Q I 

Lab Name: CEIMXC UIRF‘OKATION I I -...-- ..__I.__ -_.” .-..-, -. 

Contract: WIRER ENU. 

Lab Code: CEIMIC Case No. : CT0 100 SAS No.: SDG No.: TY013’3R 

Matrix (soil/wate.r> : SDIL Lab Sample ID: 7340034-08 S 

Level (Xow/med) : LOW Date Received: 01/13/33 

Concentratian Units Cug/L or ma/Kg d.ry weight) : tiG/KG 

. ..- “.-,. . . . ..-......_...................~.. - ..___...,_,_... ._._.,l..._,..._r. - ---.-.- ..-..- l._- __,.._._..____._,___--,” _____...” __,_.._._, 
I I I I I I i 
ICkS No, I Analyte i Concentration I C i 8 lM 1 
I 1 1 1 1 I I .-.-.-.I---..----.-..-.,..- -.--....... “-..“-..“...--. --.----. -..---“---.--- _.” -.-- .-___.. l.” --., 
l7423-30-s 1 Allw~inlul\ I 
17440-36-0 I Antimony I 
17440-38-2 I Rr%seuic I 
I7440--33-3 I Earium I 
17440-41-7 I Beryllium I 
17440-43-3 i Cadmium I 
I ?440-70-2 I Calcium ! 
17440-47-3 I Ch.romil.gm I 
17440-48-4 1 Cuba1.t. 1 
17440-50-8 I Copj3e.r 1 
17433-83-6 I Iron I 
17431~42-l I Lead I..- I 
17433-35-4 I Magfiesiuril I 
17439~-46-5 I Manganese I 
17440-02-O I Nickel I 
17440-04-7 I Potassium I 
l7782-4’3-2 I Selenium I 
!7440-22-4 I Silver 1 
17440-23-5 I Sodium I 
17440-28-0 IThallium I 
17440-62-2 I Uafladium I 
17440~G--i, I Zinc I 

c&4,2 I I IFi I 
0.10IlJI IP I 

II,1 I t *ICY 1P I 
0.39lBI IF’ I 
0.04lUl IF I 
0.211 I IF I 

3840 I I %I. IF; I 
0,621 I IF’ I 
1.4 IBI IF I 
3.5 I i IF’ I 

158 I IE IF I 
I.0 I I N IF’ I 

4350 I I E IF* I 
3.0 I I N*E IB I 
3,Ej I I IF’ I 

6240 1 iE IF’ I 
2.0 I I N IF’ I 
0.03ltil N IF’ 1 

33300 I I IF’ I 
0.08lUI IP I 
2 -5 f I IF’ I 

86.1 I I NE IP I 
I I I I I I I .-...-..-.--..-.-.” .._-...._._,- -“ll.-l.- ..--... .-- _.-.._-.- _I__ ___ ” ___- I 

Color Eefo-Fe: GKEY Clarity Befare: Textu.re: MEDIUM 

Color Rfter: YELLO&J Clarity Afte-P: Arti facts: 

Comments : 

w......--- -_______----I -.-_ 
f--+-x ..a-.........--.. -- 

-- 
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TOTGL METALS TISSUE 
1 

f@-- 
TNiMGRNIC RNRLYSIS DfATG SHEET 

Lab Name: CEIllIC COHPORQTION 

EP# SAMPLE NO. - - 
.---.-- .-_- ___- _--- 

i I 
I RF-CLQ2-33G I 
I I ” . ..~.....-._..... “” ..,.. ^ _.,._.._._. ~“.” ._... I.” ,___.....,_, _,_ 

Guntract: EAKER EMU. 

Lab Code: CEIMIC Case No. : CT0 100 SAS Ida.: SDG No. : TYa133Q 

Matrix tsail/water): SOIL Lab Sample ID: T930054-23. S 

Level Ilow/med) : L#G Date Received: 01/13/33 

Z Solids: 11.5 

,- 

Cuncentratian Units tug/L cw mg/Eg dry weight): MG/ll,G 

..-_ -- ___.__._..........._--...-...--..... -.- ..-......-” -.-- -_-I.- I.--.-..-. . ...-....1.. ^ .-..--.......I.......-.. “.“,.._ . . . ..~............ ,-.. 
1 I I i I I 
iCAS No. 1 Rnalyte I CancentratianlCt c7 I 

I 
M I 

I --._ 

17440-36-B I t7ntinm~y I 
17440-38-2 I ATsenic I 
17440‘“.33-3 I l3a.r ium I 
17440-41-7 I beryl I. ium I 
17440-43-3 I Cadmium I 
17440-78-2 I Calciurii I 
17448-47-3 I Ch.roniium 1 
17440-48-4 I Cobcil. t I 
17440-50-8 I Copper I 
17433-83-G I Iron I 
57433-32-l ILead I 
17433-35-4 1 Magnesium I 
l7433-36-5 I Manganese I 
17440-02-0 I Nickel I 
l744a-a3-7 1Potassiu~~t 
17792-43-2 I Selenium I 
17440-22-4 I Si lve’r I 
17440-23-5 I Sodium I 
i7440-26-0 I Tttal.1 ium I 
17440~&2-2 I Vanadium I 
17440-G-E. i Zinc I 

243 I I I 11’ ! 
a. 141UI IF’ l 

16.2 I I w IP I 
1.7 IEl IP I 
0.05lUl IF I 
0.23 I EC I I6 I 

5720 I 1 SE IF’ I 
1.2 I I IF’ I 
2.1 IElI IF’ t 

Y.a.1 I 1 ifi I 
370 I I Er: IF’ I 

0.781 I N IF’ I 
u32a 1 IE 1P I 

3.13 I I N*E iP I 
4.0 I I IF’ 1 

3746 I 1 E IP I 
3.1 I I N IF’ I 
a.04lUf N IP I 

48368 I I IF’ I 
0.lllUl IP I 
3.1 I I IF’ I 

125 I I NE !P I 
I 1 I I I I I ------ ----_-- ..-.-- .-- -...-.--._I....-_._--,...-~. ..- -- .__,_____ .__.__ 

Calcsr Before: GREY Cla.rity Before: Textwre: MEDIUM 

Color C4fte.r: YELLOW Clarity Rfter: lhtifacts: 

Comments : 

..--...-- _-._-__I_-_- 
,- 

“-..........---..------- 
: - ------. .._---- ---... C-----__-----.-“.-.“---- -..- 

- 
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TOTAL METALS TISSUE 
1 

@-T / ElW SCSMPLE NO. - - 
INORGANIC I?NQLYSIS DRTR SHEET -----_____-_.- 

I i 
1 RF-MU02-‘33fl I 

Lab Narre: CEIMIC CQRF’ORRTION 1 1 -..- .-..-. - ._.__...” .._ - ..--....-_ “..I _._.____ 

Contract: BMER ENU. 

Lab Code: CEIllIC Case No. : CTO 100 SAS No,: SD0 No.: TY019’3R 

Matrix Csoif/water) : SOIL Lab Sample ID: 7390034-03 S 

Level (lo@fi/med) : LOW Date Received: 01/1’3/33 

I I I . .._..--.-I”- --..- “.-...-. --C”.--._.-_-l -.....-.- - 

1742’3-30-5 IcSlU~liiX~ili I 

17440-36-Q 
i7440-38-2 
17440-39-3 
17440-41-7 
37448-43-9 
17440-70-2 
17440-47-3 
17440-48-4 
I7440-50-g 
If43?-83-S, 
17439-32-1. 
t 7439-95-4 
l7433-36-Z 
17440-02-O 
17440-09-7 
17782-43-2 
17440-22-4 
17440-23-S 
57440-28-0 
17440-62-2 
17440~4&--G 

I I -“-..- -.--.-. -” -... I -.-.. _..-.. _.. ” .,.._......,..,.......,.... 
313 t I 

0.091Ul 
15.2 f I SE 

1.2 IEf 
0.03llJl 
0.21f 1 

13800 i 1 SE 
1.1 I 1 
0m34lBI 
4.1 I t 

473 I I E 
1.0 1 I M 

3410 11E 
22.8 I l N*E 

l.l IBI 
6340 I lE 

3.5 I I N 
0.03IUI N 

27200 I I 
0.07lUI 
3#1 I I 

35.3 I l ME 

I I _. .._ _ 
fP I 
IF’ I 
iP i 
IF6 I 
IP t 
JC t 
IF+ 1 
IF> I 
IF’ I 
IF’ I 
IP f 
IF’ I 
IF’ I 
IF’ I 
tP I 
IF’ I 
IF’ l 
IF’ I 
IF‘ l 
IF’ 1 
IF’ I 
IP I 

Color Before: GREY Clarity Befcwe: Texture : MEDIUM 

Color Rfter: YELLW Clarity t?fter: Qrtifacts: 

Corilnlents : 

-1 

FORM f - IN ILM04.0 



TOTkL METRLS TISSUE 

EF'R SFIMPLE NO. - - 
INURC~?NXC t-'+NALYSIS DQTR SHEET --I ---_--- 

I I 
I RF-OY01--931? I 

Lab Name: CETl'lIC COHPOKRTIDN I I -..- -.-"--"" ,................-." ".l.l,." ..,_.I..I_ 

Gont~ract: BAKER ENU. 

Lab Code: CEIMIC Gase No. : GTO 100 SQS Nu.: SDG No.: TY0139R 

Matrix <soil/water): SCtIL Lab Sample ID: T330034-07 S 

Level (law/med): LOW Date Received:: 01/19/37 

;6 Solids: 11.8 

--.--1--.--...-...- .--.-..._.. -.- ---. ""-I -I.................. ---."..-.--. ..- --.I-. ..-... _I...._ ._...__" -.-.....-.. "" -......... 
I I I I I I I 
IGRS Ho. I Analyte IG~ncentrationl Cl R IM I 
I I I II II r.ll ..- ----.l"..I.L.l -_..._----.." -_,-...-. l.". _.._- "...- ..,-.. I . . . . . "_.--_--_,. -_ -.-.._._II._..... -,.__._. 
I 7423-30-5 I Altiminum l 104 II IP I 
17440-36-e Iclntimony I 0. is 
17440-38-2 l Arsenic i 18.8 
17440-39-3 lBca'rium I 1.2 
17440-41-7 lEe.rylfiuml 0.05 
17440-43-3 IGadmium I 0*20 
f  7440-70-2 I Calcium I 4390 
17440-47-3 I Gh.romium I 
17440-48-4 iGabalt I 
17440-50-b IGoppeT I 
17439-89-G t Iron I 
l7433-92-l ILead i 
i7433-35-4 I MaoiiiEsiltlD I 

17433-96-5 IManganesel 
!7440-02-O INickel. 1 
17440-04-7 IPotassiuml 
17782-43-2 I Selenium I 
17440-22-4 ISilver I 
17440-23-5 ISodium I 
17440-28-O IThallium I 
17440-62-2 I Vanadium i 
17440~GE!--E, IZinc! I 

Ul IF' I 
I *E IP l 

El IF I 
Ul IP I 
El IP l 

j .NE lF1 I 
0,851 I IF' i 
2!.6 I I IF’ 1 
8.2 I I IF’ I 

243 I IE IFt I 
2.0 I I Cl !P ! 

5300 IIE lF* I 
10.3 I I W*E IF' I 

4.5 I I fF' 1 
7500 IIE IP I 

2.3 I I N IF' I 
0.04lUl N IP I 

461100 I I IF' I 
0.101UI IP I 
3.3 I I IP I 

88.3 I I NE IF' l 
I I I I 1 1 I --. I..._ I ..-.... "..._ -... .---..-I... --...- . ..-. ----- -_I.__I .---. ..-- .." ---...--_ -.._ __.. 

Ca1a.r Before: GREY Clarity Before: Texture: MEDIUM 

Color After: YELLOW Clarity Afte.r: Rrtifacts: 

Garments: 

--__~ ----__ -- ---- 

FURM I - IN ILM04.0 
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ii Solids: 3.3 

Concentration Ullits (ctg/L 0.r mg/Kg dry weight) : 

-_-__ 
f I I i I I I 
tcw No. t Qiialyte lC#ncentratiOnlCI Q IM l 
I I I I I 1 I . _,..__I- - l..,.._,.l...__ - -I_ ..-......." _I_-.-....__ --- -..l..._____l.__l.l__ -_ ._...." ,___,.I,_, _.._ .._ 
17423-30-s 1 Al Ltllii i'rL\nt I 320 I I IP I 
17440-36-0 I nntimony I 0.15lUI IF’ I 
17440-33-2 I Arsenic I 32.2 I t SE IF’ I 
17440-33-3 I Ea.rium I 1.2 IEI IP I 
i7440--41-7 I Ee~ryllj.uni I 0.0i5 I u I IF’ t 
f 7440-43-3 1 Cadmium I 1.8 1 I 1Fs I 
17440-70-2 i Calcium I 1 e200 I 1 E ik I 
17440-47-3 I Chrumitim I 1 .5 I t I FI’ I 
I 7440-48-4 I Cobalt I 0.84lEl IF’ I 
17440-50-8 I Copper I 33.2 I I IF’ l 
! 7433-83-F, I ITOt? I 531 I 1 E IF‘ I 
57433-32-1 liead I 1 .2 t I bl IF* I 
17433-35-4 1 Na~rtesium 1 6150 I IE If; l 
I7433-36-5 t Manqariese I 13.2 I I N*E IF’ I 
! 7440-02-0 I Niciiel i 2.1 IEI Il=’ l 
17440-03-7 I Potasriium I 15200 I IE IP I 
17782-43-2 I Selenium I 5.6 i 1 N IF’ I 
17440-22-4 l Si 1ve.r I 1.4 I I N IF’ I 
I 7440-23-5 i Sodium i 51000 I I IF’ I 
i7440-28-0 IThallium I 0.12llJI IF1 I 
17440-62-2 I Uaaadium I 4.6 I I IP I 
17440~fSG-6 I Zinc I 2230 1 I NE IP I 
I I I I -..--l_-.-.-..l,l-” .._.... -.“- ..-.. - .-...- “.._ --_____- -.-...-_ 1 -- 1 ...I.,-” I.-.._..^_ .-._.- f 

Colcrr Before: GREY Clarity Before: Tex tu-re: MEDIUM 

TOTfX METHtS TISSUE 
1 

,@- EF’G SIWPLE Ml. - - 
IHORGFINIC ANALYSIS PRTF, SHEET -“--.-- 

1 I 
I RF-OY02-33A 1 

Lab Name: CEIMIC COt?FWMTIt!lJ I . . . . . . . . . . . ...-” .-.,--- - __l.._.l.,-.-.....__.....-..~.~- I 

Contract: BAKER ENV. 

Lab Code: CEIMIC Case No. : CTQ 100 SW No. : SDG No.: TY0133Q 

Mat~i x (sail/water) : SOIL Lab Sample ID: T330034-13 S 

Level (lowz’mcd) : LcH4 Pate Received: 01/13/33 

NG/KG 

Colo*r After: YELLOII Clarity Afte.r: Artifacts: 

Comments: 

,PY--- 
~-__-_l --- 

I______.-_I_ -- --.-” 
___I.-- ---.--- -- 

----- - 

FORM I - IN ILN04.0 221. 



.- ,,..-.- - 
I I I I I I i 
iCAS No. I Analyte iConcen~rationlCI R IM I 
I I I I I I I _ _.-... -_--l-.-_ ---l.l-.l” --_........., -..._. - . . . . . . ..-. I,“.” .........__l_,..._. “._ _.,, ,.,_..___ I _.,,,_..,__ ,.,” 
17423-30-5 i~lumi~-~um I 275 I I IP I 
17440-36-0 I Antimony I 0.14iUl IF’ I 
i 7440-38-2 I Awenic I 12.4 I I *E IF I 
17440-39-3 I Barium i 1.7 IFI IF I 
I7440-41-7 1 Fwyliium I 0.051Uj IF’ I 
17440-43-5~ I Cadmium I 0.471 I IF’ I 
17440-70-2 I Calcium I 12400 1 I *E IP I 
i 7440-47-3 I Ch,romiufit I 1.2 I I IF‘ f 
37440-43-4 lCobalt I 2.3 iEi IP i 
i 7440-50-B I Coppe-r I 3.2.6 I I iF’ I 
17433-8’3-6 I Iron I 442 I IE IF I 
17439-92-l iLead I 1.8 I I N IP i 
f7439--35-4 I Maa_nesium 1 8370 I IE IF’ i 
1743’3-%-5 I Mavlganese i 33.5 I I NwE IF’ i 
17440-02-0 INickel. I 4.1 I f IP i 
17440-09-7 I Potassium 1 11600 I I E IP I 
17792-43-2 I Selenium I 2-8 I I N IF’ I 
i 7440-22-4 I Si 1ve.r I  0.04iUi N IP I 
i 7440-23-5 I Sodium I 71300 I I I F’ I 
17440-28-e IThallium ,I 0. i0lUl IF’ I 
I 7440--62-2 1 Uavlad i urn 1 1-3 IEi IP I 
17440~66-6 I Zinc I  117 I I NE IF’ I 
I t i I I -.... - ._I..... -.“.“-- I I .--.“- __-.- - ___- -_-_-__-I_-_ _ ll_._.., ___(,__ 

TOTCSL METALS TISSUE 
1 

Y-- EPQ SAMPLE NO. - - 
INORGCSNIC CSNfJLYSIS LWTfl SHEET -......“.--...-...---“” .__,___._____. 

I I 
1 SE-CL04-WA i 

Lab Mane: CEIMIC COHPORRTIDN I I ------.- -.----.” __.._” ...” -... -” ,..,_,...,.I_ 

Contract: BQKER ENU. 

Lab Code: CEIMIC Case f-40. : CTO 100 SAS No. : SDG No.: TY01’33R 

Matrix ~sail/wateT~ : SOIL Lab Sample ID: T930034-11 S 

Level (fow/aed1: LOW Date Received: 01/19/W 

Co1o.r Before: GREY 

Color I?fter: YELLOW 

Comments: 

Clarity Before: Texture: MEDIUM 

Clarity Afte.r: Arti facts: 

-___I~ _-_--_--.- -- 
,- --.-. ..--.I-- .- -- 

. . ..---- 

FORM I - IN ILi104.0 222 
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TUTAL METQLS TISSUE 
.I 

P-4 i EPA SRMF'LE NO. - - 
INORGQNIC RNRLYSIS DRTR SHEET ----L- ___I_____. -.-_ 

I I 
I SE-MUQ4-33A 1 

Lab Name: CEIMIC CORPORATION I -.--.-.---I-- ._.I... -- ._---.__, I 

Contract: BAKER ENV. 

Lab Code: CEIMIC Case No. : CTC! 155 SRS No.: SDG No.: TY8139CS 

Matrix <soil/wate-r) : SOIL Lab Sample ID: T330834-12 S 

Level (low/med) : LOW Rate Received: @l/13/33 

% Solids: 6.i 

Concent~ration Units (ug/L or ma/Kg dry weigttt): MG/KG 

..-... I,.I"_.- ._..-._.....-.-.  ̂__..._-..--I...- "." -.,.-" ---." -...-.--...-..-...-...-..-...-.--...-..-....-.- I . ..-..... I I..._ .._.. - ......-.-......_...I 
I I I I I I I 
iCAS th. t Anaiyte ICancentratianlCI Q 1M I 
I I I I I I i ." .-,...,._,...._...._.~.~~.. -.--- .^., L.--.".----l.- -.- I^...._ -..,...- -_--. ----.-..-. -... .-.I-.- -..-.._._ -......- 
i7423-30-5 
t7440-36-B 
17448-38-2 
17448-33-3 
174463-41-7 
1744~~-43-3 
17445-76-2 
37448-47-J 
t744(3--48-4 
17440-55-8 
l7433-83-6 
17433-32-1 ILead I 
17433--35-4 IMagnesium 
17433-3&--Z I Manganese I 
174469~Q2-0 INickel I 
17440-83-i I Patassiuml 
17782-43-2 ISelenium I 
17445-22-4 ISilver I 
1744Eb23-5 ISodium I 
l744@-28-0 IThallium I 
17446-62-2 IVanadium I 
17440-&G-6 I Zinc I 

455 I t 
0.2*31UI 

37.4 I I *cE 
2.5 IEI 
O.03lUi 
5.521 i 

24100 I I SE 
2.0 1 I 
0.64iHl 

12.3 I I 
643 IIE 

1.6 I I M 
73% i IE 

31.3 I I WE 
3.a iEl 

18300 I IE 
3*4 I I N 
0.071111 N 

6380@ i I 
8.i81Ul 
4.3 I f  

101 I I NE. 

IFI I 
IP I 
IP I 
IF' I 
IF' I 
IF' I 
ic I 
IP I 
IP I 
IF' I 
lF' t 
IF' I 
IP 1 
IP I 
iF' I 
IF' I 
IP I 
IF‘ I 
IF" I 
IP I 
IP I 
IF' I 

I I i LI." I-.-.-.....-...-...-.-- .-.-_-..-.--..---... ----...&J -I - ___-_._ I ---......,. --1---._ __ 1 

Cola-r Fefs.re: GREY Cla.rity Before: Texture: MEDIUM 

Color Fzfte.r: YELLOM Clarity Rfte.r: Rrtifacts:: 

Caments: 
----..................--... _---- -- -1__1. 
. . ..--- .-- --___--____ 

--".- 

FORll I - IN ILM04. t3 224 
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TOTRL PETALS TISSUE 
.I 
1 

,,- 

INORWNIC RNQLYSIS DC)TQ SHEET 

Lab Name: CEIMIC CORPORATION 

EPR SAMPLE NO. - - 

I I 
I SE-OYBl-33A I 
I I..... - ..-...^. -..” __.,__-I_..___..__ - ._.._,,_ I 

Gol3t.ract: EWER EN’J. 

Lab Code: CEIMIC Case No. : CT0 100 SASS Na. : SIX No.: TY0.t33h 

Matrix (sail/water): SOIL Lab Sample ID: T330034-031 S 

Level (low/med) : LOW Date Received: 01/13/33 

% Solids: 15.1 

Concentraticw Units CuqA. or my/Kg dry weight) : MG/KG 

..I_.._ -. ,........ _.” ...” ..-- “-“.-_-.-“I -.........I. F.,.._.............. -........._-. ,.-- --...--- - --.I- - -II-. _ .-._-._....,..II-_ _ ...I.,._......_,_,__ 
I I 1 i I I I 
ICAS No. I Analyte I Cancenf.ratiau I C I R lit I 
I ^ ̂..._.___ --” ..__._.. I. 
17423-30-5 
t7440-36-0 
17440-30-2 
17440-33-3 
17440-41-7 
17440-43-Y 
l7440-70--2 
17440-47-3 
17440-48-4 
17440-50-9 
17433-83-G 

I I I I I I -.- . _.- -..-... _ .._. “._. _. “.- “...-.-.” -,..-__ I._. __.. _. ____.. _ ,______ ___._._ 

I 

i 7433-32-i I Lead I 
17433-35-4 I fldgisesirtnl i 

17433-36-5 I Manganese I 
17440-02-0 I Nickel I 
17440-03-7 I Potassiu~t 1 
17782-43-2 I Selenium I 
i7440-22-4 I Silver I 
f 7440-23-5 I Sodium I 
17440-28-13 IThallium i 
I 7440-62-2 I Vanad i um I 
17440~66-6 I Ziflc I 

II.11 I I IF’ I 
0.10lUI IP I 

12.5 I I WE IF’ I 
0.83lr(l IP I 
O-04 I U I IF’ I 
i-6 I I IP 1 

2330 I IE IP 1 
0,651 I IP I 
0.37lEl 1F’ I 

50.3 I I IF’ I 
225 I IE IF’ I 

1 . 6 I I bl IF’ I 
2740 I IE IF’ I 

3.0 I I N*E fF’ I 
2.4 I I IF I 

5340 I I E IP I 
3.2 I I N IF’ I 
0.34lEl N IP I 

13700 I I IF’ I 
0.00IUI IP I 
1.4 IEI IF’ I 

1280 I I NE IF’ I 
I I I I l i I --I-- .-_-.-...-_-. -.-_ ..---- --__. -._- __..----. 11” ---. --.-- ._I -- _--._ _._..,._ 

Coloer Befo.re: GREY Clarity Eefo.re: Texture: MEDIUM 

Co1o.r Rfter: YELLOW Clarity r?fter: Artifacts: 

- - - -  - - - - - - - _ . - - - - _  

, -  

- - - - - l - - l - - . . . . l_ - -_- . “ . -  

_---__,- 1 - - - - . “ _ “ - - - - -  . . - - - - - - -  

- -  -  

FORM I - IN ILM04.0 
226 



TOTAL METRLS TISSUE 
1 

.J,- 
INOHCCSNIC CSNRLYSIS DATA SHEET 

Lab Name: CEIRIC CORPOHRTION 

EF‘cl SAMPLE NO. - - 

Cawt~ract: EWEH Et%‘. 

Lab Code: CEZMIC Ca5e No. : &TO 10s SAS No.: SDG No.: TYE113’3R 

Matrix (sail/water) : SOIL Lab Sample ID: T’330034-QG S 

Level ilow/medI : Date Received : 01/1.3/W 

% Solids: 15.7 

- .-.---.. - -....-.---. --___.- -__._..._.._ -.__- --.. --..-.---..---..“-..I_____ -.-..-. -- ..-..-.^.-..-...,.” _.., 
1 I I I I I I 
ICAS Ha. t Rnal>rte I Concentration I C I B Ill I 
I I I I I I I .-_ ,--.l....lll--- __-.- - .-_. - ..-,__ -.....I..._... ..” ..-...I._...-.._ - .-_.-_.. ..- _l-l_l.___ _..,._.. 
1742’3~‘B-5 I 4’3.3 I i 
17440-36-0 I Antimony I 
17445-38-2 I Rrsenic I 
I-7440-34-3 I Eit-fium I 
17440-41-7 iEeyy1liumi 

*E 

I7440-43-9 I Cadmium I 
I7440-70-2 I Calcium I 
l7440--47-3 I Chromium I 
17440-48-4 ICabalt I 
17440~W-8 i Coppe.r 1 
17439-83-G f I.rofl I 
17433-32-I ILead I 
1743%-95-4 I Magnesium I 
17439-36-5 I Mangartese I 
~7440-62-5 I Nickel I 
17440~(39-7 I Potassium I 
17752-43-2 I Selenium I 
17448-22-4 I Silver I 
I 74413-23-5 I Sodium I 
f7440-28-0 I Thall ium I 
I 7440+2-i! I Uanad ium i 
I7440--GC-6 I Zinc I 

*EL 

r?.i@liJI 
7.4 i I 
b.35lEI 
0.04IUI 
1.1 I I 

2830 I I 
0,461 I 
8.34lEI 

45.1 I I 
123 1 1 

El.&41 i 
24% I I 

6.4 I I 
1.1 IEI 

8788 I I 
2.8 I I 
0.83iUl 

IBE I I 
0.0BiUl 
@.ISQlEI 

733 I I 

E 
N 
E 
IJ#E 

E 
N 
N 

NE 

IP I 
IF’ I 
IF’ I 
IF’ f 
IP I 
IF’ I 
IF’ I 
IF’ I 
IP I 
I P I 
IP I 
IP I 
IF’ I 
IF’ i 
IF‘ I 
IF’ I 
IP I 
IP I 
IF’ I 
IP I 
IP I 
IP I 

I I I I I -..-.-..-” 1---..-----.- --..-” I----- --- -.- ..-. “--ll.-----_-__ I I - _I .._-___ .-_ 

Cola-r Eefo?e: GREY Clarity Before: Texture: MEDIUM 

Cola-I- Rfter: YELLDU Cla.rity Aftev: A-rtifacts: 

Comments : 

-I- ---.__I. 
,F- 1111-- - 

FOHM I - IN ILM04.0 22 7 



TOTAL METALS TISSUE 
1 

EPR SAMPLE NO. - - 
INOHGFINIC ANRLYSIS D@TQ SWEET -- ----- 

I I 
i SB-OY03-33fl 1 

Lab Name: CEIIIIC CORPORATION I 1 .-......---.......... I- _....,,,__.” __._._.I.._.________...., “.. 

Contract: EFIKER EW. 

Lab Code: CEIMIC Case No. : CT0 100 six3 Na. : SDG No.: TY0139FS 

Matrix {soil/water): SOIL Lab Sample ID: T330034-03 S 

Level (I.ow/med) : LOW Date Received: 01/1'3/39 

Z Solids: 12.0 

Concei?t.rdtion Units <ug/L. o’r mg/y\g d,ry weight) : MO/Y,O 

1 I I I I I I 
ICclS Ma. I hh3lyte I Concent~ration~ C I 0 IM I 
I I I I I I 1 - ..,-. - .__._....I “” ..--....... - .-.........--.-...-_........-- _-I --... “.._-- ._...” ..,..- _..._..” ..,.. _,.. _,._.._- _ --._._._ _,-_,,- 
17421'13-40-5 I Aluminum l 30.6 I I IF’ I 
17440-X-0 I Rntimony I 0.12lUi IF’ I 
i 7440-38-2 I ISrsenic 1 10.0 1 I *E IF’ I 
17440-33-j I Barium I 0.62 I E I I F’ I 
17440-4X-7 I beryll ium! 0.05lUf IF’ I 
17440-43-3 
17440-70-2 
17440-47-3 
17440-48-4 
17440-50-8 
1743%83-6 
i7433-32-j. 
17433-35-4 
17433~?6-fi 
17440-02-Q 
17440-03-7 

1.7 I I IF’ i 
4040 I t SE iP I 

0.661 I IF’ i 
0.25lUl IF’ f 

46.0 I I IP I 
i39 IIE IF’ I 

1.0 I I N IF’ 1 
3360 i IE IF‘ I 

il.8 I I N*E IP I 
2-3 I I iP I 

3030 I i E IP I 
17782-43-2 I Selenium I 
17440-22-4 I Si1ve.r I 
17440-23-f I Sodium I 
I7440-28-0 I Thallium I 
I 7440-62-2 1 Vanad iuni I 
17440~&26-8 I Zinc I 

3.X I I N IF’ I 
0.04lUl N IF’ 1 

31700 I I IF’ I 
0.031Ul IF’ I 
Q.SCIBI IF' I 

722 I I NE IP I 
I I I I I I I - ..- -...--.-.-- . . . . -- ----....----- _-..-_-.l..l-._- -.-.._ -- _- -.--_. “_-- -.... -. 

Color Before: GREY Clarity Before: Texture: MEDIUM 

Color Rfte-r: YELLOW Clarity Afte.r: &rtifacts: 

Comments: 

--__-__-. 
,,-- 

--_____---___---------- -_-. -.__ 
___.--.---------- -------- --.--......-...._... 

FORM I - IN ILM04.0 228 



TClTclL METALS TISSUE 
i 

EPB SMlPLE NO. - - 
INORGRNIC GNRLYSIS DCITA SHEET --l__~ ---__. 

I I 
I SB-OY04-33R I 

Lab Name: CEIMIC CGHFWWTIGM I I ..-.-. -.L.__“.__- _.,I...- - __._____._,.__ 

Cant.ract: BAKER ENV. 

Lab Code: CEIMIC Case No.: CTI? 100 SAS No.: SDG No,: TY0133A 

Mats-ix (soil/watex-1: SOIL Lab Sawple ID: 7330034-10 s 

Date Received: 01/13/33 

weight) : MG/KG 

..- 
I I I 
ICGS No. I Analyte I Cnncentration 
I I I I _-- --...-....-.......-_........ - . ” L--.------.-- _I.. --.“,.._- -.-.. -..I- ..-.-.-.-- ..--- 
17423-30-5 I 
17440-X-0 I 
17440-38-2 1 
17440-33-3 I 
17440-41-7 I 
17440-43-3 I 
t7440-~,70-2 I 
17440--47-j I 
17440-48-4 I 
17440-50-A I 
57433-93-6 I 
17433-32-l I 
17433-35-4 I 
17433-36-5 f 
17440-02-e I 
17440-03-7 I 
17782-43-2 I Selenium I 
17440-22-4 I Silver I 
17440-23-5 I Sodium I 
17440-28-O IThallium I 
I 7440-62-2 I Vanadium I 
17440-Gb-Q I Zim I 

I I I 
Cl Q ffl I 

I I I _^. -.l-.llll._.. -....__ 
63.5 I I IF’ l 

0. X3llll IF’ I 
11.3 I I *E IP I 

0”GalFi IF’ I 
0.0SIUl IP I 
1.3 I f IP f 

7940 I I wE IP I 
0.721 I IP I 
0.27lUI IF’ I 

21.4 i I IF‘ 1 
228 I IE IF’ I 

0.821 I N IP 1 
Sll0 I 1 E IF‘ I 

7.0 I I NuE IF’ I 
1.b fEl IF’ I 

11200 1 IE iP i 
2.8 I I N IF’ I 
0.04lUI N IF’ I 

43800 I I IF‘ I 
0.10lUI lP I 
1.7 IEI IF’ I 

728 I I NE IF’ I 
I I I I I I I --I----.-” -.-- “..“._._ - ..-.-. “-.“- ..--” ..- -.--” __.......-._^._-..--___LI __ ___.-__ __.-..,_ 

Colcw Befcwe: GHEY Clarity Before: Texture : llEDIlJM 

Colo-r Rfter: YELLOti Clarity Rfte.r: Artifacts: 

Ccmments: 

..-.-.....a--m --....- 
>r- .-.~- -I- 

FORM I - IN ILM04.0 



/ 

TOTAL M&T#JLS TrSSUE 

EPR SCSMPLE NO. - - 
ItNlKCfWIC RNRLYSIS DATfi SWEET ..-.“-.-.-...-----.-- .-...-. 

1 I 
I SE-OY55-33t-l I 

Lab Name: CEXMIC CQHPORRTION 1 I - .-._._._._ - ..-.. - .--.--...-..._,.- -” -.... --.. 

Contract: BAKER ENV. 

Lab Code: CEIMIC Case No. : CT0 150 SAS No.: SI)G No. : TY5133~9 

Matrix Isoil/wate.r) : SOIL Lab Smple 11): T335034-04 S 

Level (low/riled) : LOW Date Received: 51/13/33 

% Solids: 25.5 

Concentration Units (uq/L cm mg/Kg dry weight): MG/KG 

I I i I I I I 
ICRS No. I Analyte I Concentration t C I R ill I 
1 I I I I I f ..-..--I...-... _- I..._..._ “..___. -_.-_.” .--._.....,,---I. _..” ---_I_ . - -.._.... I .._......... “.. -.., _......” .,.,...,._. I.I __._..__ 
l7423-30-5 I Aluminum f 
l7440-36-O i Qntimony I 
17440-38-2 I Qmenir i 
17445-33-3 I Bd~PiLwl~ I 
37440-41-7 !Eerylliuml 
17440-43-3 I Cadmium 1 
17440-70-2 1 Calcium I 
17440-47-3 1 Chrcmiuril I 
17445-43-4 I Cobalt 1 
17445-55-8 I Coppe.r I 
1743%93-t; 1 I.ron I 
17433-32-i itead I 
17433-35-4 I Irlagilesium 1 
i7433-36-fs I Pianganese i 
17440-52-5 INickel i 
17440-03-7 I Patassium 1 
17782-43-2 I Selenium I 
17445-22-4 I Si 1ve.r I 
17445-23-S I Sodiurrr I 
l7445-26-O IThallium I 
I 7445-62-2 I Uanad ium I 
i 7445-66-E I Zinc I 

78.3 I I 
0.0PIUI 
4-l I I SE 
5*3#lEl 
0.03lUl 
0.601 I 

5365 I I E 
0.431 I 
0.21lhl 

17.1 I I 
137 t I E 

0.401 1 N 
2620 i1E 

5.7 1 I N*E 
1.3 I I 

5055 I IE 
1.0 I I N 
0.52lUI N 

22455 I I 
0.56lUl 
5.351EI 

834 I I NE 

IP I 
IP I 
IP I 
IP I 
IF’ I 
IP I 

IF’ I 
I L I 
IP 1 
IP I 
IF’ I 
1P I 
1P I 
IP I 
IP I 
IF‘ I 
IF’ I 
IC 1 
IF’ 1 
IP I 
IP I 
IP I 

I I I I I I I __-- -__ --l_.------ ._... -- .-_. -“- . ..- - -- ---__.__ -” ,.,. 

Colar Before: GHEY Cla’rity Before: 

Color Qfter: YELLOW Clarity Flfter: 

Texture: MEDIUM 

Rrtifacts: 

Comments: 

------- --- -.... 
:- ---------“~ _--__- 

- -pm...... 

FORM I - IN ILM54.5 23u 
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: / 

CEIMIC 
Corporation 

“Analytical Chemistry for Environmental Management ” 

TOTAL METALS 
CLP METHOD ILMO4.0 

Client: Baker Environmental 

Client Sample ID: PBO 

Date Sampled: 

Date Sample Received: 01/19/99 

Matrix: Soil 

Laboratory ID: PBO 

Date Analysis Completed: 02/01/99 

Concentration in: mg/Kg (ppm) + 

Target Analyte 
Preparation 

Batch 
Sample 

Concentration 
Reporting 

Limit 

Mercury 0201 ND 0.003 

ND = Not Detected 

,,-- 

Reported by: Approved by: 

Metals Page 20 
10 Dean Knauss Drive, Narragansett, RI 02882 * Tel: (401) 782-8900 . Fax: (401) 782-8905 



“ ,  

CEIMIC 
Corporation 

“Andytical Chemistry for Environmental A4anagement ” 

LABORATORY CONTROL SAMPLE SUMMARY 
TOTAL METALS 

CLP METHOD ILMO4.0 

Client: Baker Environmental 

Laboratory Control Spike ID: SRM-2 

Matrix: Soil 

Ceimic Project: 990034 

Date Analysis Completed: 02/01/99 

Concentration in: mg/Kg (ppm) 

Target Analyte 
Preparation 

Batch 
True 
Value 

Lab Control Spike 
Result 

Lab Control Spike 
Recovery(%) QC Limits(%) 

Mercury 0201 0.064 0.0570 89.1 80 - 120 

Reported by: Approved by : 

Metals Page 21 
10 Dean Knauss Drive, Narragansett, RI 02882 - Tel: (401) 782-8900 * Fax: (401) 782-8905 



CEIMIC 
Corporation 

“Analytical Chemistry for Environmental Management ” 

TOTAL METALS 
CLP METHOD ILMO4.0 

Client: Baker Environmental 

Client Sample ID: RF-CLOl-99A 

Date Sampled: 01116199 

Date Sample Received: 01/19/99 

Matrix: Soil 

Percent Solids: 15 

Laboratory ID: 9900344X3 

Date Analysis Completed: 02/O l/99 

Concentration in: mg/Kg (ppm) + 

Target Analyte 
Preparation Sample Reporting 

Batch Concentration Limit 

Mercury 0201 0.050 0.003 

+ Dry weight basis. 

Reported by: Approved by: d p 

Metals Page 11 
10 Dean Knauss Drive, Narragansett, RI 02882 . Tel: (401) 782-8900 * Fax: (401) 782-8905 



‘,/ 

CEIMIC 
Corporation 

‘Analytical Chemistry for Environmental Management” 

DUPLICATE SAMPLE SUMMARY 
TOTAL METALS 

CLP METHOD ILMO4.0 

Client: Baker Environmental 

Client Sample ID: RF-CM l-99A 

Date Sampled: 01/16/99 Laboratory ID: 990034-08Dup 

Date Sample Received: 01/19/99 Date Analysis Completed: 02/01/99 

Matrix: Tissue Concentration in: mg/Kg (ppm)+ 

Duplicate Percent Solids: .15 

Target Analyte 
Sample 
Result 

Duplicate 
Result RPD( %) QC Limit(%) 

Mercury 0.0500 0.0620 21 20 

+ Dry weight basis. 
RPD = Relative Percent Difference 

Reported by: Approved by: 3 p 

Metals Page 12 
10 Dean Knauss Drive, Narragansett, RI 02882 . Tel: (401) 782-8900 * Fax: (401) 782-8905 



/  

CEIMIC 
Corporation 

“Analytical Chemistry for Environmental Management” 

SPIKE SAMPLE SUMMARY 
TOTAL METALS 

CLP METHOD ILM04.0 

Client: Baker Environmental 

Client Sample ID: RF-CMl-99A 

Date Sampled: 01/16/99 

Date Sample Received: 01/19/99 

Matrix: Tissue 

Percent Solids: 15 

Laboratory ID: 990034-08Spk 

Date Analysis Completed: 02/01/99 

Concentration in: mg/Kg (ppm) + 

Target Analyte 
Sample 
Result 

Predigest Spiked 
Spike Sample 
Added Result 

Recovery (%) 
------_--___-----_--------------------------------- 
Predigest 
Spike L?zits 

Post Digest 
Spike 

Mercury 0.0500 0.150 0.167 78 75 - 125 NR 

NR = Not Required 
+ Dry weight basis. 

/“” 

Reported by: Approved by: 3, !f 

Metals Page 13 
10 Dean Knauss Drive, Narragansett, RI 02882 ’ Tel: (401) 782-8900 + Fax: (401) 782-8905 



CEIMIC 
Corporation 

“Analytical Chemistry for Environmental Management ” 

TOTAL METALS 
CLP METHOD ILMO4.0 

Client: Baker Environmental 

Client Sample ID: RF-CLO2-99A 

Date Sampled: 01/16/99 

Date Sample Received: 01/19/99 

Matrix: Soil 

Percent Solids: 12 

Laboratory ID: 990034-21 

Date Analysis Completed: 02/01/99 

Concentration in: mg/Kg (ppm) + 

Target Analyte 
Preparation 

Batch 
Sample 

Concentration 

Mercury 0201 0.054 0.003 

+ Dry weight basis. 

Reported by: Approved by: 7 r 

Metals Page 19 
10 Dean Knauss Drive, Narragansett, RI 02882 . Tel: (401) 782-8900 + Fax: (401) 782-8905 



Client: Baker Environmental 

Client Sample ID: SB-CM4-99A 

Date Sampled: 01/15/99 

Date Sample Received: 01/19/99 

Matrix: Soil 

CEIMIC 
Corporation 

“Analytical Chemistry for Environmental Management ” 

TOTAL METALS 
CLP METHOD ILM04.0 

Laboratory ID: 990034- 11 

Date Analysis Completed: 02/01/99 

Concentration in: mg/Kg (ppm) + 

Percent Solids: 11 

Target Analyte 
Preparation 

Batch 
Sample 

Concentration 
Reporting 

Limit 

Mercury 0201 0.048 0.003 

+ Dry weight basis. 

Reported by: Approved by: 1J! p 

Metals Page 16 
10 Dean Knauss Drive, Narragansett, RI 02882 * Tel: (401) 782-8900 * Fax: (401) 782-8905 
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CEIMIC 
Corporation 

“hdytica~ Chemistry for Environmental Management ” 

TOTAL METALS 
CLP METHOD ILMO4.0 

Client: Baker Environmental 

Client Sample ID: SB-MU01/02-99A 

Date Sampled: 01/16/99 

Date Sample Received: 0109199 

Matrix: Soil 

Percent Solids: 15 

Laboratory ID: 990034-02 

Date Analysis Completed: 02/01/99 

Concentration in: mg/Kg @pm) + 

Target Analyte 
Preparation 

Batch 
Sample 

Concentration 
Reporting 

Limit 

Mercury 0201 0.088 0.003 

+ Dry weight basis. 

Reported by: Approved by: 3 y 

Metals Page 5 
10 Dean Knauss Drive, Narragansett, RI 02882 * Tel: (401) 782-8900 . Fax: (401) 782-8905 
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CEIMIC 
Corporation 

“Analytical Chemistry for Environmental Management ” 

TOTAL METALS 
CLP METHOD ILMO4.0 

Client: Baker Environmental 

Client Sample ID: RF-MU02-99A 

Date Sampled: 01116199 

Date Sample Received: 01/19/99 

Matrix: Soil 

Percent Solids: 18 

Laboratory ID: 990034-09 

Date Analysis Completed: 02/01/99 

Concentration in: mg/Kg (ppm) + 

Target Analyte 
Preparation 

Batch 
Sample 

Concentration 
Reporting 

Limit 

Mercury 0201 0.082 0.003 

+ Dry weight basis. 

Reported by: Approved by: 

Metals Page 14 
10 Dean Knauss Drive, Narragansett, RI 02882 . Tel: (401) 782-8900 * Fax: (401) 782-8905 
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CEIMIC 
Corporation 

“Analytical Chemistry for Environmental Management ” 

TOTAL METALS 
CLP METHOD ILMO4.0 

Client: Baker Environmental 

Client Sample ID: SB-MU04-99A 

Date Sampled: 01/16/99 

Date Sample Received: 0 l/l 9/99 

Matrix: Soil 

Percent Solids: 7 

Laboratory ID : 990034- 12 

Date Analysis Completed: 02/01/99 

Concentration in: mg/Kg @pm) + 

Target AnaIyte 
Preparation 

Batch 
Sample 

Concentration 
Reporting 

Limit 

Mercury 0201 0.157 0.003 

+ Dry weight basis. 

Reported by: Approved by: 

Metals Page 17 
10 Dean Knauss Drive, Narragansett, RI 02882 . Tel: (401) 782-8900 * Fax: (401) 782-8905 



CEIMIC 
Corporation 

“Analytical Chemistry for Environmental Management” 

TOTAL METALS 
CLP METHOD ILMO4.0 

Client: Baker Environmental 

Client Sample ID: SB-MU0599A 

Date Sampled: 01/15/99 

Date Sample Received: 01/19/99 

Matrix: Soil 

Percent Solids: 19 

Laboratory ID: 990034-05 

Date Analysis Completed: 02/01/99 

Concentration in: mg/Kg @pm) + 

Target Analyte 
Preparation 

Batch 
Sample 

Concentration 
Reporting 

Limit 

Mercury 0201 0.086 0.003 

+ Dry weight basis. 

Reported by: Approved by: 4 (13 

Metals Page 8 
10 Dean Knauss Drive, Narragansett, RI 02882 * Tel: (401) 782-8900 - Fax: (401) 782-8905 



CEIMIC 
Corporation 

“Analytical Chemistry for Environmental Management ” 

TOTAL METALS 
CLP METHOD ILMO4.0 

Client: Baker Environmental 

Client Sample ID: RF-OYOl-99A 

Date Sampled: 01/16/99 

Date Sample Received: 0109199 

Matrix: Soil 

Percent Solids: 12 

Laboratory ID: 990034-07 

Date Analysis Completed: 02/O l/99 

Concentration in: mg/Kg (ppm) + 

Target Analyte 
Preparation 

Batch 
Sample 

Concentration 
Reporting 

Limit 

Mercury 0201 0.094 0.003 

+ Dry weight basis. 

Reported by: Approved by: d 113 

Metals Page 10 
10 Dean Knauss Drive, Narragansett, RI 02882 . Tel: (401) 782-8900 * Fax: (401) 782-8905 



CEIMIC 
Corporation 

“Analytical Chemistry for Environmental Management ” 

TOTAL METALS 
CLP METHOD ILMO4.0 

Client: Baker Environmental 

Client Sample ID: SB-OYOl-99A 

Date Sampled: 01/14/99 

Date Sample Received: 01/19/99 

Matrix: Soil 

Percent Solids: 15 

Laboratory ID: 990034-01 

Date Analysis Completed: 02/01/99 

Concentration in: mg/Kg (ppm) + 

Target Analyte 
Preparation 

Batch 
Sample 

Concentration 
Reporting 

Limit 

Mercury 0201 0.063 0.003 

+ Dry weight basis. 

Metals Page 4 
10 Dean Knauss Drive, Narragansett, RI 02882 + Tel: (401) 782-8900 . Fax: (401) 782-8905 



CEIMIC 
Corporation 

“Analytical Chemistry for Environmental Management ” 

TOTAL METALS 
CLP METHOD ILMO4.0 

Client: Baker Environmental 

Client Sample ID: SB-OY02-99A 

Date Sampled: 01/15/99 

Date Sample Received: 01/19/99 

Matrix: Soil 

Percent Solids: 16 

Laboratory ID: 990034-06 

Date Analysis Completed: 02/01/99 

Concentration in: mg/Kg (ppm) + 

Target Analyte 
Preparation 

Batch 
Sample 

Concentration 

Mercury 0201 0.069 0.003 

+ Dry weight basis. 

Reported by: Approved by: 

Metals Page 9 
10 Dean Knauss Drive, Narragansett, RI 02882 * Tel: (401) 782-8900 - Fax: (401) 782-8905 



CEIMIC 
Corporation 

“Analytical Chemistry for Environmental Management ” 

TOTAL METALS 
CLP METHOD ILMO4.0 

Client: Baker Environmental 

Client Sample ID: RF-OY02-99A 

Date Sampled: 01/16/99 

Date Sample Received: 01/19/99 

Matrix: Soil 

Percent Solids: 10 

Laboratory ID: 990034-13 

Date Analysis Completed: 02/01/99 

Concentration in: mg/Kg @pm) + 

Target Analyte 
Preparation Sample 

Batch Concentration 

Mercury 0.003 

+ Dry weight basis. 

Reported by: 

Metals Page 18 
10 Dean Knauss Drive, Narragansett, RI 02882 * Tel: (401) 782-8900 * Fax: (401) 782-8905 



CEIMIC 
Corporation 

“Analytical Chemistry for Environmental Management ” 

TOTAL METALS 
CLP METHOD ILM04.0 

Client: Baker Environmental 

Client Sample ID: SB-OY03-99A 

Date Sampled: 01/15/99 

Date Sample Received: 01/l 9199 

Matrix: Soil 

Percent Solids: 12 

Laboratory ID: 990034-03 

Date Analysis Completed: 02/01/99 

Concentration in: mg/Kg (ppm) + 

Target Analyte 
Preparation 

Batch 
Sample 

Concentration 

Mercury 0201 0.252 0.003 

+ Dry weight basis. 

,P-.. 

Reported by : Approved by: y, p 

Metals Page 6 
10 Dean Knauss Drive, Narragansett, RI 02882 + Tel: (401) 782-8900 * Fax: (401) 782-8905 



CEIMIC 
Corporation 

“Analytical Chemistry for Environmental Management ” 

TOTAL METALS 
CLP METHOD ILMO4.0 

- 

Client: Baker Environmental 

Client Sample ID: SB-OY04-99A 

Date Sampled: 01/15/99 

Date Sample Received: 01/19/99 

Matrix: Soil 

Percent Solids: 11 

Laboratory ID: 990034-10 

Date Analysis Completed: 02/01/99 

Concentration in: mg/Kg (ppm) + 

Target Analyte 
Preparation Sample 

Batch Concentration 
Reporting 

Limit 

Mercury 0.003 

+ Dry weight basis. 

Reported by: Approved by: 

Metals Page 15 
10 Dean Knauss Drive, Narragansett, RI 02882 . Tel: (401) 782-8900 . Fax: (401) 782-8905 



CEIMIC 
Corporation 

“Analytical Chemistry for Environmental Management ” 

TOTAL METALS 
CLP METHOD ILMO4.0 

Client: Baker Environmental 

Client Sample ID: SB-OY05-99A 

Date Sampled: 01/15/99 

Date Sample Received: 01/19/99 

Matrix: Soil 

Percent Solids: 20 

Laboratory ID: 990034-04 

Date Analysis Completed: 02/O l/99 

Concentration in: mg/Kg @pm) + 

Target Analyte 
Preparation 

Batch 
Sample 

Concentration 
Reporting 

Limit 

Mercury 0201 0.053 0.003 

+ Dry weight basis. 

Reported by : Approved by: A 

Metals Page 7 
10 Dean Knauss Drive, Narragansett, RI 02882 . Tel: (401) 7828900 * Fax: (401) 782-8905 
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Certification 
PriarityPollutni”/CLP Quality Control Standards lrwganlcr h Soil 

!.qf-416 .. . 
Pawnelef cutllwvl(w 

TRACE METALS 
t dundnum 

rnhony 

bkml 

beryllhHn 
cadmium 
eakiwl 
chromium 

. 
CoBan 

Iron 
kad 

zun 
sdenlum 
eUwu 

thidum 
vamdm j 
zinc 

6ooo y. 
27.8 
iv.7 
167 

67.5 
110 

.*a 

189 

67.0 
141 

10600 
100 

=. 
284 
2.36 
124 

627 
67.6 
84.8 
197 

3800-8400 
13 - 117 
41 -’ 105 

131 .- 243 

43 - 130 
04-a 

7020 - 15100 
55 - 140 

40 - 112 
1200-27;10 

64 -149 
62 - 100 

316 - 738 
34 - 102 
59 .- 115 

a0-200 
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F60 

9 Y632.BJ 

ah!rttfilxte~ aE Annl~Bir ” . .I L_ \ 
Standard Riferenci Mat&I 1566a 

Oyster Tissue 

This Staudard R&rcucc Material (SRM) ir iutcsidod primarily for use ia calibrating instrumentation and validating 
wtbodology for the chemical aaalyais of marine bivaka tiaaue. A unit of SRM l566a contains approximately 25 
grams of oyster tissue. 

Certified Concc&ions of Constituent Rlemeata: The ccrtifted clemental’coacentrations are shown in l%ble 1. 
Certified values arcbased on results obtained by reference methods of kaown accuracy; or al~crucltiwly, from 
rtsults obtfncd by two or more iadcpeadcnt and reliable analytical methods. Noncertified-values arc given, for 
information only, in Table 2. Ati vahtes arc based ou miniuxum sampie size of 250 mg of the dried material. 

NOTICE AND WARNINGS TO USERS 

,P.Expiration of Certification: T&is certification is iavaEd after S years from the data of shipping. Please return the 
I attached regjstration card to register your SRM. 
‘.. 

Storage: The material should be kept in its tightly closed, origirral bottle aud stored ha a dcsiccacor ovtr Mg(Cl.O+ 
at temperatures between 10-30 ‘C. It should not be exposed CO htensc sources of radirtioa, iacludiag ultraviolet 
lamps or sudight. 

Use: A arinimum sample weight of 250 mg of the dried material (see Instructions for Drying) is necessary for 
any certified value ia ?hble 1 to be valid within the stated uncutaiuty. The bottle shoutd be shakan well before 
each use, closed tightly immediatclv after use, and stored as de&bed above. 

The statistical analysis of the data was performed by SB. Schillet and LR. Ebahardt of the Statistical Eagiaeering 
Division. 

The overall dircctiou and coordiuatiou of the a@tical,chcxui.stry measurements teadig to thir certificate were 
performed in the NIST Ceuter for Aadyticd Chemistry by.R. Zcislcr. 

The tkhnical and support aspects involved in the preparation, artificatioa, and issuance of this Standard 
Reftreace Material were coordinattd through the Office of Standard Rcfctanca Mat&& by R. Alvarez. : 

Gaithersburg, MD 26899 Stanley D. Rasbqrty, Chief 
October 2,1989 Officcof Standard Reference Materials 
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~h~~t~~~ioar for Dryh~g Before waighiag, sampIca of SRM lS66a should be drisd to cwW8at we*%ht by one - _ the fohwiq procedures: 

1. Rsduccd-prcarure drying rt room tein~rature for 48 hours over M@O4)2 ia a vacuum desiccator 
approhnatcly 19 x ld Pa (100 sarn Hg). 

,.J@-. 

EIemenc’ 

AluIrIiltalm~ 
Atncnic~ 
cad&nib- 
chromiumw 
cobair 
CO pp&- 
Id . 

Iron4” 

*Leada 

2 Vacuum drying at room tempefatufe for 24 hours at a prscrurc of approximately 30 Pa (02 maa Ilg) using 
a cold trap. . . 

3. Freeze dryiag for 20 hours rt a prsrrurc of ap+imatcly 3 Pa (0.02 mm Hg). 

Source and Preparation of Materi& The oysters for this f6f6r6666 aut6rid were obtakd from a commercial 
source. Thy had been shucked, frma, aad packaged ia scaled plaat3c bags. ‘Tb oyMcr material was ground, 
freeze-dried, and powdered at Leon kboratqdes, Fort Laud&r&k, FL At NIST, the oyster tissue was jet-milled 
to pass a 355~wn screen, radiation-stcriiiPed, pd bOd6d. 

Homogeneity Assessment: Samples from random@ s&tied bottles of SW l566a were anal@ for homogeneity 
by x-ray ~fluor66cence sod neutro& activa~a moChod&. In addition, ma&a by Other fudytiCd m6thOdS were 
examined for evidence of iahomogcacity. The uncertainties in ‘Ihbk 1 in&i6 Wimatcs of inhomogcneity. 

c33d 
wt Pcrceat _ 

a196 1 o.ol9 
a.829 io.014, 
038 t 0.017 
abp +Idla 

coaIa5amd** 
NV8 

‘au rl2s 
14.0 t 13 
4s .* 0.38 
la t 0.46 
OSI x 0.11 

663 x 43 
4.46 t 0.42 

Conccmatio~* 
wt-PCrCent 

123 r l5 
0.0642 t Jo67 
225 s 0.44 
221 4’ 024 
168 t 0.15 

lL1 x 1.0 
0x32 t 0.012 
4.68 t OS5 

830 x57 



Method Rcfcreocc. Officid Metlao& of Aarlylis of the Aamciati&a of Officid Aadytical Cbomistb, Ahgtoa, 
VA, 14tb Ed, 1984, pv 16, Nitr~ea (‘IUI) in Fettikwr, qeldahl M6tbd (Fhd Actiou): MethodZ.OS7, Improved 
Method for ?&ate Free Samples. Mcruuic Oxide wa8 used as a catalyst.. Samples were dried as described ia 
procedure 2 under ‘kmxtions for Drying. - 

/+-- .cesium 
Europiuax 

a 
Ruoriaq 
Gold 
Habium 

Rubidiaa3 
Sd 
s+ldhuu 
TantAm 
Terbium 
ThotiuaIl 
Tim 

Note: The is evideace that tin is inhomogcaoousiy didbutcd in the SRM. 

And+: 
Iuorgmic Aadytical Restarch Division, Nafioaai Inatitutc of Standards & &hIdOgy. 

. 
&EA&lUy 17. PJ. Pa&cu 
2 R.W. Burke la PA Pew 
3. TA Butier 19. KW. hu 
4. z chun” IIIT.CLRlkS 
s.Ms,Epstcia 2kTARUSlX 
6.JJhFeawt ” 2L DS. Siraoas* 
7.KGiUiId-Ge 23. GA. SlcatcP 
8. R R. Greuhcrg 24.Mv.smilll~ 
9.a ueha 25. SE Sam6 . -’ 
10. LA wouaad ?&T.h&Suilivan 
IL w3. Knch 
lZWRKC& 

2 z;W&m. Jr; 

13. H.M. ffig5toa a. wi ho- 
14. AMulo* 30.XYiQ&P 
!S. J.R. Moody 3LRzciskr 
l6. TJ. I$urphy 

F”-. 
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B6tdb, padfic Phftb~6st ,L&or~toriea, Rkhhnd, WA 99352 - R.W. S-n 

Instute %xef Stgfm,’ Ljubljana, $lllS Yagohia, - ,+.R. Byp% M. Dcrpdj, A. Vaifs4Q Ad J. Smrke 
. . 

a6f6r66$X 

[l] R.C. P& and J; Mandel, Coatcnsus Vahm and Wei#ing Fac& ,J’IBS J. Research 82 !n-38s (1982). 

f+--. 
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LIFE HISTORY OF THE GREAT BLUE HERON (Ardea herodim) 

The great blue heron is the largest and most widely distributed American heron, inhabiting lakes, ponds, rivers, 
and marshes but is occasionally found in newly-plowed fields and meadows (Bull and Farrand 1977; Eckert 1987). 
With the exception of the breeding season, this species is mostly solitary in its habits. This heron feeds either by 
standing motionless in the water waiting for prey, or searching in a stealthy manner with a very slow and careful 
walk. The primary food item is fish, although frogs, small turtles, crustaceans, mice, voles, shrews, snakes, and 
ground-nesting birds are also taken. Almost without exception, the great blue heron will shake its bill in the water 
immediately after swallowing prey, perhaps to wash debris off. Although the digestive fluids of the heron are 
acidic enough to dissolve bone rapidly, occasionally an undigested pellet of feathers and fur is regurgitated (Eckert 
1987). 

Courtship occurs soon after the spring migration, with copulation usually occurring on the ground. Colonial nests 
are placed on the uppermost branches of trees or shrubs. Occasionally a ground nest will be built if it can be 
placed in a secluded area. Successful nesting areas are usually returned to year after year. Three to four eggs are 
incubated equally by both sexes for about twenty-eight days (Eckert 1987). 

The great blue heron is migratory in the northernmost portion of its range. Lingering birds usually fall prey to 
severe weather (Bull and Farrand 1977). Southward migration in autumn begins in early October; northward 
migration in spring begins in March or early April (Eckert 1987). 

EXPOSURE PROFILE OF THE GREAT BLUE HERON (Ardea hero&m) 

pc4. i 

Adult great blue heron (A&X herodias) range in weight from 2,204 to 2,576 g (U.S. EPA 1993). A food 
ingestion rate of 0.18 g/g BW/day and a water ingestion rate of 0.045 g/g BW/day are reported for this species 
(U.S. EPA 1993). Based on these values a 2,204 g heron will consume 396.7 g food/day and 99.2 g water/day. 
Fall feeding territory size is reported as 1.5 acres, with summer foraging distances from nesting colonies ranging 
from 2 to 5 miles (U.S. EPA 1993). 

An incidental sediment ingestion rate could not be identified for the great blue heron. Therefore, in order to evaluate 
this exposure.pathway, a model was developed which predicted the amount of sediment which may be entrained in 
the digestive system of a fish, the bluegill (Lepomis muchrochirus) and crayfish (Orconectes sp.). Fish and 
crayfish are assumed to be the only food source for the great blue heron in order to complete this derivation. 

Bluegills commonly reach a size of 12 ounces (Pflieger 1975). From this, the amount of sediment entrained in fish 
12 ounces (340 g) in weight was predicted. A study evaluating the stomach contents of 153 bluegills reported an 
average content of detritus and sediment to be 9.6 percent of the total diet (Kolehmainen 1974). A daily food 
ingestion rate of 1.75 percent of the body weight per day has been reported for the bluegill (Kolehmainen 1974). 
This provides a predicted intake rate of 5.95 g of food per day for a 340 g fish. If a conservative assumption is made 
that 9.6 percent of the food ingested is entirely sediment, it can be predicted that a fish of this size may contain 
0.5712 g of sediment in its digestive system. 

For the purpose of this model, it was assumed that the level of sediment contained in the digestive system of a fish 
remains constant over time. This value (0.5712 g) was divided by the predicted fish body weight (340 g) in order to 
express sediment entrained in fish digestive systems in units of grams of sediment per gram of fish body weight. 
This provided a value of 0.00168 g sediment/g body weight. When this value is multiplied by the food ingestion rate 
of the great blue heron (396.7 g/day), the predicted sediment ingestion rate for the heron via consumption of fish is 
approximately 0.7 g/day. 

;- 

As with the bluegill, life history information for the crayfish Orconectes sp. was used in predicting the incidental 
sediment ingestion rate for the great blue heron via consumption of freshwater invertebrates. Adult 0. virilis 
weigh from 5 to over 20 g and consume 0.3 to 1 percent of its total body weight per day (Kim 1994; Tack 1941; 
Vannote 1963). In order to express the food ingestion rate in units of g/day, the highest reported food ingestion 
rate of 1 percent of the total body weight per day was multiplied by the lowest reported body weight of 5 g to 



yield a food ingestion rate of 0.05 g/day. Orconectes spp. detritus ingestion rates range from 10 percent of the 
total diet per day in young-of-the-year Orconectes immunis (Vannote 1963) to 11 percent of the total diet per day 
in 0. virilis (Tack 1941). For this risk assessment, it will be assumed that these values represent the percentage 
of sediment in the diet of a crayfish. The food ingestion rate of 0.05 g/day was multiplied by the incidental 
sediment ingestion rate of 11 percent of the total diet per day to yield an incidental sediment ingestion rate of 
0.0055 g/day. For the purpose of this model, it was assumed that the level of sediment contained in the digestive 
system of crayfish remains constant over time. Therefore, in order to express the amount of sediment entrained 
in a crayfish’s digestive system in units of gram of sediment per gram of crayfish body weight, the sediment 
ingestion rate of 0.0055 g/day was divided by the lowest adult crayfish body weight of 5 g to yield a sediment 
ingestion rate of 0.0011 g sediment/g BW of crayfish/day. When this value is multiplied by the food ingestion 
rate of the great blue heron (396.7 g/day), the predicted incidental sediment ingestion rate for the great blue heron 
via consumption of crayfish is 0.44 g/day. 

[The user of this. file should then decide what the percent composition of fish versus crayfish the diet is assumed to 
be for the particular risk assessment, then apply the percentages to these calculated sediment ingestion rates] 

REFERENCES 
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LIFE HISTORY INFORMATION FOR GREAT BLUE HERON 
(Ardea her-odias) 

Body Weight: 3.0 kg (Newell et al. 1987) 

Ingestion Rate: 0.6 kg/day (Newell et al. 1987) 

Home Range: Based on a 10 km radius feeding range, the home range of great blue heron is 
30,000 ha (Erwin and Spendelow 1991). This equates to 74,130 acres. 

Water Ingestion Rate: 0.12 L/day estimated based on the allometric equation (Water Ingestion Rate 
= 0.059 Wt”.67, where Wt is the average body weight of the species in kg) 

Diet: Almost all aquatic (Erwin and Spendelow 1991) 

Sediment Ingestion Rate 54 g/day (based on 9% of the dietary ingestion rate) calculated based on soil 
ingestion rates reported for shore birds and Canada gees (Beyer et al. 1991) 



LIFE HISTORY OF THE MINK (Muslelcr v&on) 

Adult mink (Must&z v&n) weigh from 520 to 1,730 g (Merritt 1987; U.S. EPA 1993). Home ranges vary from 19 
to 1,900 acres (U.S. EPA 1993). The lowest reported body weight of 520 g and the smallest reported home range of 
19 acres was assumed for this risk assessment. 

Mink are opportunistic carnviores that hunt principally along shorelines and emergent vegetation (U.S. EPA 1993). 
Seasonal availability and regional preferences govern the primary constituent of the mink’s diet. Mammals and 
crayfish usually result as the most most abundant prey items, but fish, amphibians, and young birds are also taken 
(Merritt 1987; Linscombe et al. 1982; U.S. EPA 1993). A year-round food ingestion rate of 0.22 g/g BWlday has 
been estimated for both male and female mink (U.S. EPA 1993). In order to express this value in units of g/day, the 
food ingestion rate was multiplied by the lowest reported body weight (550 g) to yield a food ingestion rate of 12 1 
g/day. The highest reported estimated water ingestion rate of 0.11 gJg BW/day for farm-raised females was used in 
this risk assessment (U.S. EPA 1993). In order to express this value in units of g/day, this water ingestion rate was 
multiplied by the lowest reported body weight of 550 g to yield a water ingestion rate of 60.5 g/day (60.5 ml/day). 

An incidental soil or sediment ingestion rate was not available from the literature, therefore, a predicted incidental 
ingestion rate for soil and sediment rate that may be entrained in the digestive system of prey items (fish, aquatic 
invertebrates, and small mammals) was used for this risk assessment. Consumption of these prey items was assumed 
to be the primary mechanism by which a carnivorous mammal such as the mink may incidentally ingest soil or 
sediment. The derivation of these predicted levels of incidental soil and sediment ingestion via consumption of fish, 
aquatic invertebrates, and small mammals is described below. 

Life history information for the bluegill (Lepomis machrochirus) was used to predict the amount of sediment that 
may be ingested by mink via consumption of fish. Adult bluegills range in size from 100 to 230 mm (Pflieger 1975; 
Smith 1985). In keeping with the conservative approach of this risk assessment, the amount of sediment entrained in 
the lowest body size of 100 mm in length was predicted. The weight of a 100 mm bluegill was calculated to be 
IX. 1 1 g based on the following algorithm relating length to weight (Hillman 1982): 

log Weight (g) = -5.374 + 3.3 16 log Length (mm) 

A daily food ingestion rate of 1.75 percent of the body weight per day has been reported for the bluegill 
(Kolehmainen 1974). This provides a predicted intake rate of 0.32 g of food per day for a 18.1 I g fish, A study 
evaluating the stomach contents of 153 bluegills reported an average content of detritus and sediment to be 9.6 
percent of the total diet (Kolehmainen 1974). If a conservative assumption is made that 9.6 percent of the food 
ingested is entirely sediment, it can be predicted that a fish of this size may contain 0.03 g of sediment in its digestive 
system. 

For the purpose of this model, it was assumed that the level of sediment contained in the digestive system of a fish 
remains constant over time. This value (0.03 g) was divided by the predicted fish body weight (18.11 g) in order to 
express sediment entrained in fish digestive systems in units of grams of sediment per gram of fish body weight, 
This provided a value of 0.0017 g sediment/g body weight. When this value is multiplied by the food ingestion rate 
of the mink (12 I g/day), the predicted sediment ingestion rate for the mink via consumption of fish is 0.2 g/day. 

Life history information for the crayfish Orconectes sp. was used in predicting the incidental sediment ingestion rate 
for the mink via consumption of freshwater invertebrates. Adult 0. virilis weigh from 5 to 20+ g and consume 0.3 to 
1 percent of its total body weight per day (Kim 1994; Tack 1941; Vannote 1963). In order to express the food 
ingestion rate in units of g/day, the highest reported food ingestion rate of 1 percent of the total body weight per day 
was multiplied by the lowest reported body weight of 5 g to yield a food ingestion rate of 0.05 g/day. 

Orconectes spp. detritus ingestion rates range from 10 percent of the total diet per day in young-of-the-year 
Orconectes immunis (Vannote 1963) to 11 percent of the total diet per day in 0. virilis (Tack 1941). For this risk 
assessment, it will be assumed that these values represent the percentage of sediment in the diet of a crayfish. The 
food ingestion rate of 0.05 g/day was multplied by the incidental sediment ingestion rate of 11 percent of the total 
diet per day to yield an incidental sediment ingestion rate of 0.0055 g/day. 



For the purpose of this model, it was assumed that the level of sediment contained in the digestive system of crayfish 
remains constant over time. Therefore, in order to express the amount of sediment entrained in a crayfish’s digestive 
system in units of gram of sediment per gram of crayfish body weight, the sediment ingestion rate of 0.0055 g/day 
was divided by the lowest adult crayfish body weight of 5 g to yield a sediment ingestion rate of 0.0011 g sediment/g 
BW of crayfish. When this value is multiplied by the food ingestion rate of the mink (121 g/day), the predicted 
incidental sediment ingestion rate for the mink via consumption of crayfish is 0.133 g/day. 

Life history information for the white-footed mouse was used in predicting the incidental soil.ingestion rate for the 
mink via consumption of small mammals. A soil ingestion rate of less than 2 percent of the total diet has been 
reported for the white-footed mouse (Beyer et al. 1994) . A conservative soil ingestion rate of 1.9 percent of the 
total diet was assumed for this risk assessment. In order to express this value in units of g/day, this soil ingestion rate 
was multiplied by the food ingestion rate of the white footed mouse (4.50 g/day; U.S. EPA 1993) to yield a soil 
ingestion rate of 0.0855 g/day. 

For this risk assessment, it was assumed that the level of soil contained in the digestive system of a white-footed 
mouse remains constant over time. In order to express this value in units of g soil/g mouse BW, this value of 0.0855 
g was divided by the lowest reported body weight of the white-footed mouse (13 g; Merritt 1987) to yield a value of 
0.0065 g soil/g BW. When this value is multiplied by the food ingestion rate for the mink (121 g/day; U.S. EPA 
1993) the predicted incidental soil ingestion rate for the mink via consumption of white-footed mice is 0.795 g/day. 

Assuming that fish, crayfish, and mice comprise equal proportions of the mink’s diet, the incidental soil and sediment 
ingestion rate via consumption of these prey items is approximately 0.4 g/day. 
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TOXICITY BENCHMARK VALUES 

One study (OHMD, 1987) conducted showed that an oral dose of 100 mg/kg/day fed to a dog caused death. 
For this report, a NOAEL value of 1 mg/kg/day (lOOmg/kg/day divided by 10) was used in the mink model, 

A dose of 350 mg/kg (6 1.3 mg/kg/day) caused a significant decrease in the growth and consumption by 
chickens (Smith, 1969). Another study on chickens, found a dose of 326 mg/kg (23.5 mg/kg/day) caused 
respiratory problems (Hatch, 1978). Assuming that respiratory problems are acute effects, a NOAEL (23.5 
mg/kg/day divided by 100) of 0.235 mg/kg/day was developed for the heron model (Hatch, 1978). 

A study conducted on mice determined that 1.5 mg/kg/day of lead caused a reduction in success of implanted 
ova (Clark, 1979). Another study (Clark, 1979) found that 2.2 mg/kg/day of lead produced a reduction in the 
frequency of pregnancy when the dose was administered for 3 to 5 days. For this report, a value of 0.15 
mg/kg/day was used as a NOAEL (1.5 mg/kg/day divided by 10) was used in the mink model. 

In a single dose study (Lawler et al., 1991), the gastric motility of adult male and female red-tailed hawks 
(Buteojanzaicensis) fed 0.82 and 1.64 mg/kg BW/day of lead was evaluated through the use of surgically 
implanted tranducers for a period of 3 weeks. Neither concentration had any effect on the gastric contractions 
of egestion of undigested material pellets. 

Another study conducted on red-tailed hawks (Reiser and Temple, 1981) found that 3 mg/kg/day of lead 
caused the clinical symptoms of lead poisoning. A similar study (Osborne et al., 1983) found that 3 mg/kg/day 
fed to starlings caused a reduction in muscle condition and altered their feeding activity. For this assessment. a 
value of 0.3 mg/kg/day NOAEL developed from red-tailed hawk and sterling studies was used in the heron 
model. 
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Stone Bay - Study Area 
Aquatic Receptor Models 
MCB, Camp Lejeune 

Sediment Sediment Surface Water Surface Water Tissue Tissue Species 
Ecological Contaminant Mean Maximum Mean Maximum Mean Maximum with the 
of Concern O-wk> Owk) (mkYJ4 (m@> OWJ4 h&> Maxi. Concentration 
Copper 9.23 16.6 0.000996 0.00153 35.98 50.3 oyster 
Lead 7.66 20.7 0.0005278 0.000926 2.57 4.8 mussel 



Stone Bay Aquatic Assessment 
MCB, Camp Lejeune 

Great Blue Heron 

Body Weight 3.0000000 kg 
Food Ingestion Rate 0.6000000 kg/day 
Water Ingestion Rate 0.1200000 L/day 
Sediment Ingestion Rate 0.0540000 kg/day 

Maximum Concentrations - Conservative Model 
Sediment Water Fish 

Concentration Concentration Concentration Dose NOAEL LOAEL NOAEL LOAEL 
ECOC @wW (mG> @w&3> @gflcg/W) OwWdv) OWWW H% HQ1 . 
Copper 16.6 0.00153 50.3 10.3588612 0.235 2.35 4.41E+Ol 4.41E+OO 
Lead 20.7 0.000926 4.8 1.33263704 0.3 3 4.44E+00 4.44E-01 

NA - Not Available 
HQ,, - Hazard Quotient based on the NOAEL 
HQ, - Hazard Quotient based on the LOAEL 

NOAEL - No Observed Adverse Effects Level 
LOAEL - Lowest Observed Adverse Effects Level 



Stone Bay Aquatic Assessment 
MCB, Camp Lejeune 

Great Blue Heron 

Body Weight 3.0000000 kg 
Food Ingestion Rate 0.6000000 kg/day 
Water Ingestion Rate 0.1200000 L/day 
Sediment Ingestion Rate 0.0540000 kg/day 

Mean Concentrations - Less Consewative Model 
Sediment Water Fish 

Concentration Concentration Concentration Dose NOAEL LOAEL NOAEL LOAEL 
ECOC @w&9 hdJ4 Ox&) bWhsW9 0wdW-W @-Wkdday~ H% HQI 
Copper 9.23 0.000996 35.98 7.36217984 0.235 2.35 3.13E+01 3.13E+OO 
Lead 7.66 0.0005278 2.57 0.651901112 0.3 3 2.17E+OO 2.17E-01 

NA - Not Available 
Ha - Hazard Quotient based on the NOAEL 
HQ, - Hazard Quotient based on the LOAEL 

NOAEL - No Observed Adverse Effects Level 
LOAEL - Lowest Obsented Adverse Effects Level 



Stone Bay Aquatic Assessment 
MCB, Camp Lejeune 

Body Weight 0.5200000 kg 
Food Ingestion Rate 0.1210000 kg/day 
Water Ingestion Rate 0.0605000 L/day 
Soil Ingestion Rate 0.0003330 kg/day 

Maximum Concentrations - Conservative Model 
Soil Water Vegetation Jnvetebrate 

Concentration Concentration Concentration Concentration Dose NOAEL LOAEL NOAEL LOAEL 
ECOC h&g) h3U (m&9 bwk3) OwWdv) h&W) bwWW HQ, HQI 
Copper 16.6 0.00153 6.64 50.3 13.2603084 1 10 1.33E+Ol 1.33E+OO 

Lead 20.7 0.000926 8.28 4.8 3.05697908 0.15 1.5 2.04E+O 1 2.04E+OO 

NA -Not Available 
HQ,- Hazard Quotient based on the NOAEL 

HQ, - Hazard Quotient based on the LOAEL 

NOAEL -No Observed Adverse Effects Lnel 
LOAJZL - Lowest Obsen*ed Adverse Effects Level 



Stone Bay Aquatic Assessment 
MCB, Camp Lejeune 

Mink 

Body Weight 0.5200000 kg 
Food Ingestion Rate 0.1210000 kg/day 
Water Ingestion Rate 0.0605000 L/day 
Soil Ingestion Rate 0.0003330 kg/day 

Mean Concentrations -Less Conservative Model 
Soil Water Vegetation Invertebrate 

Concentration Concentration Concentration Concentration Dose NOAEL LOAEL NOAEL LOAJZL 
ECOC bwk3) W-+6) bwh.) h&g) hh$W) br&Ydayl WWW) HQ, HQI 
Copper 9.23 0.000996 3.692 35.98 9.23739586 1 10 9.24E+OO 9.24E-01 
Lead 7.66 0.0005278 3.064 2.57 1.31595522 0.15 1.5 %.77X+00 8.7%0 1 

NA -Not Available NOAEL - No Obsamed Adverse Effects Level 
NC&,- Hazard Quotient based on the NOAEL LOAEL - Lowest Observed Adverse Effects Level 

HQ, - Hazard Quotient based on the LOAEL 



Stone Bay - Reference Areas 
Aquatic Receptor Models 
MCB, Camp Lejeune 

Sediment Sediment Surface Water Surface Water Tissue Tissue Species 
Ecological Contaminant Mean Maximum Mean Maximum Mean Maximum with the 
of Concern (mgkg) OwW OwW (mg5) Wwk3) hk) Maxi. Concentration 
Copper 4.6 4.6 48.2 88.2 oyster 
Lead 7.55 10.5 1.6 2 oyster 



Stone Bay Aquatic Assessment - Reference Areas 
MCB, Camp Lejeune 

Mink 

Body Weight 0.5200000 kg 
Food Ingestion Rate 0.1210000 kg/day 
Water Ingestion Rate 0.0605000 L/day 
Soil Ingestion Rate 0.0003330 kg/day 

Maximum Concentrations - Conservative Model 
Soil Water Vegetation Invetebrate 

Concentration Concentration Concentration Concentration 
ECOC Owk> @g/L) Owks) @gk) 
Copper 4.6 0 1.84 88.2 
Lead 10.5 0 4.2 2 

NA - Not Available 
HQ,, - Hazard Quotient based on the NOAEL 
HQi - Hazard Quotient based on the LOAEL 

NOAEL - No Observed Adverse Effects Level 
LOAEL - Lowest Observed Adverse Effects Level 



Stone Bay Aquatic Assessment - Reference Areas 
MCB, Camp Lejeune 

Mink 

Body Weight 0.5200000 kg 
Food Ingestion Rate 0.1210000 kg/day 
Water Ingestion Rate 0.0605000 L/day 
Soil Ingestion Rate 0.0003330 kg/day 

Mean Concentrations - Less Conservative Model 
Soil Water Vegetation Invertebrate 

Concentration Concentration Concentration Concentration Dose NOAEL LOAEL NOAEL LOAEL 
ECOC W&W Ox&) (mg/kg) h-u&g) OWWW) Mwk&W OWWW HQ,, HQI 
Copper 4.6 0 1.84 48.2 11.6468688 1 10 l.l6E+ol 1.16E+oo 
Lead 7.55 0 3.02 1.6 1.07987337 , 0.15 1.5 7.20E+OO 7.20E-01 

NA - Not Available 
Ha - Hazard Quotient based on the NOAEL 
HQt - Hazard Quotient based on the LOAEL 

NOAEL - No Observed Adverse Effects Level 
LOAEL - Lowest Observed Adverse Effects Level 



Stone Bay Aquatic Assessment - Reference Areas 
MCB, Camp Lejeune 

Great Blue Heron 

Body Weight 3.0000000 kg 
Food Ingestion Rate 0.6000000 kg/day 
Water Ingestion Rate 0.1200000 L/day 
Sediment Ingestion Rate 0.0540000 kg/day 

1s - Less Conservative Model Mean Concentratior 

I 1 Sediment 1 Water I Fish I I I 
1 Concentration 1 Concentration 1 Concentration 1 Dose 1 NOAEL 1 LOAEL I NOAEL I LOAEL I 

ECOC 
Copper 
Lead 

@x&3) bgW 
4.6 0 
7.55 0 

@g&d b&WW OwdWday) ~wkdday) HQ, HQ, 
48.2 9.7228 0.235 2.35 4.14E+Ol 4.14E+OO 
1.6 0.4559 0.3 3 1.52E+OO 1.52E-01 

NA - Not Available 
HQ, - Hazard Quotient based on the NOAEL 
HQ, - Hazard Quotient based on the LOAEL 

NOAEL - No Observed Adverse Effects Level 
LOAEL - Lowest Observed Adverse Effects Level 



Stone Bay Aquatic Assessment - Reference Areas 
MCB, Camp Lejeune 

Great Blue Heron 

Body Weight 3.0000000 kg 
Food Ingestion Rate 0.6000000 kg/day 
Water Ingestion Rate 0.1200000 L/day 
Sediment Ingestion Rate 0.0540000 kg/day 

Maximum Concentrations - Conservative Model 
Sediment Water Fish 

Concentration Concentration Concentration Dose NOAEL LOAEL NOAEL LOAEL 
ECOC @dk) @g/L) @x&3) @@Way) @dWW ~w&dW HQ, HQI 
Copper 4.6 0 88.2 17.7228 0.235 2.35 7.54E+Ol 7.54E+OO 

Lead 10.5 0 2 0.589 0.3 3 1.96E+OO 1.96E-0 1 

NA - Not Available 
HQ, - Hazard Quotient based on the NOAEL 
HQ, - Hazard Quotient based on the LOAEL 

NOAEL - No Observed Adverse Effects Level 
LOAEL - Lowest Observed Adverse Effects Level 
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INTRODUCTION 

The purpose of this memorandum is to provide a nontechnical discussion of the ecological receptor 

models presented in the Final Auuatic Assessment for Stone Bay (FAA) (Baker, 1999) and to 

provide the results of a site-specific receptor model. Ecological receptor models are recommended 

in the Ecological Risk Assessment Guidance for Suuerfund: Process for Designing and Conducting 

Ecological Risk Assessments (USEPA, 1997) to be used as a tool for assessing potential risk to 

ecological species from exposure to contaminated media. Ecological receptor models were included 

in the FAA as an additional means of analyzing the collected data and estimating potential risks to 

higher trophic levels in the aquatic food chain. The results of the ecological receptor modeling effort 

are one component to the overall ecological risk assessment process. 

The receptor species modeled for Stone Bay were selected based upon the following criteria: 1) 

species expected to inhabit the area, 2) input parameters available for that species or a similar 

species, and 3) comparative toxicity reference values for copper and lead that are available for that 

receptor species or a similar species. The ecological receptor models presented in the FAA represent 

primary feeders of surface water, sediment, and benthic species within Stone Bay. The models used 

in the assessment included the great blue heron, the red drum, and the mink. In addition to the 

receptor models calculated for the study area in Stone Bay (within the safety fan of the rifle range), 

receptor models were calculated for reference areas in Stone Bay (outside of the safety fan of the 

rifle range). The chosen reference areas represent ecologically-similar aquatic habitats to the study 

area that are not impacted by rifle range activities. 

Based on the conclusions of the FAA and the ecological receptor models included therein, the great 

blue heron was the only receptor species that indicated a potential risk. The estimated risk was due 

to copper concentrations in surface water, sediment, and benthic tissue. The heron model calculated 

for the reference area also indicated risk caused by copper concentrations. Although the ecological 

receptor models used in the FAA are a USEPA-accepted methodology for assessing risk, they are 

recognized as a conservative estimation of risk which includes some inherent uncertainty. Therefore, 

an additional great blue heron model is provided herein. This additional great blue heron model 

represents a site-specific version of the model. 

. . . 
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This memorandum is divided into five sections that clarify the role, operation, and interpretation of 

ecological receptor models, specifically for the great blue heron. Section 1 (Ecological Receptor 

Model Terminology) defines the various terms used in discussing ecological models. Section 2 

(Calculation of the Ecological Receptor Models) discusses the calculation of the models and 

variations of conservativeness made within the models, Section 3 (Uncerta@ty of the Ecological 

Receptor Models) recognizes the components of the model that contribute to uncertainty, Section 

4 (Results of the Ecological Receptor Models) presents the findings of each version of the heron 

model, and Section 5 (Conclusions) incorporates the conclusions of the FAA with the results of this 

memorandum. 

iv 



1.0 ECOLOGICAL RECEPTOR MODEL TERMINOLOGY 

An understanding of the terms used in the ecological receptor models is a necessary part of 

comprehending the entire process. The following glossary is provided to assist in defining the terms 

used in discussing the ecological receptor models. 

Benthic Tissue - Meat (non-shell) portion of shellfish (oysters, clams, and mussels) used in 

aquatic assessment. 

Biota - Animal and plant life of a particular region. 

Dosage - A measured quantity of ingestion or dermal exposure at one time. 

Exposure Point Concentration - Concentration selected to estimate the exposure of a species 

to a particular contaminant in an environmental medium. 

Hazard Ouotient (HO1 - The ratio of estimated site-specific exposure to a single chemical 

from a site over a specified period divided by a toxicity reference value obtained from the 

literature (See Toxicity Reference Value) for a particular species. 

Lowest-Observed-Adverse-Effect Level (LOAEL) - The lowest level of a stressor evaluated 

in a test that causes statistically significant differences from the control. 

No-Observed-Adverse-Effect Level (NOAEL) - The highest level of a stressor evaluated 

in a test that does not cause statistically significant differences from the control. 

Recentor - The ecological entity exposed to the stressor (e.g., great blue heron, red drum, 

and mink). 

Tronhic Level - A functional classification of taxa within a community that is based on 

feeding relationships. 

Toxicitv Reference Value - A dosage obtained from the literature derived from scientific 

experiments. 
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2.0 CALCULATION OF THE ECOLOGICAL RECEPTOR MODELS 
- _ 

Ecological receptor models are simple, conservative, mathematical expressions of potential risk to 

specific receptor species. The models operate by first calculating an estimated dose that the species 

inhabiting the site will be exposed to from ingestion of surface water, sediment, and benthic tissue. 

The calculated study area dose is compared with experimental doses (toxicity reference values) 

obtained from the literature shown to cause no or low adverse impact to a particular species. The 

HQ method was used to estimate potential risks in the ecological receptor models. The following 

equation was used to calculate HQs: 

Where: 

Hazard Quotient = Exposure Point Concentration 
NOAEL I LOAEL 

Exposure Point Concentration = Maximum detected or arithmetic mean concentration 

NOAEL = No Observed Adverse Effect Level 

LOAEL = Lowest Observed Adverse Effect Level (effects on growth, respiration, reproduction, etc.) 

An HQ equal to or greater than one indicates that exposure to the particular contaminant has the 

potential to cause adverse effects to the species. An HQ less than one indicates that the contaminant 

is not expected to cause adverse effects to the species. The greater the HQ, the greater the magnitude 

of potential risk to the species; however, for this assessment, any HQ greater than one was 

recognized as a potential risk. 

2.1 Conservativeness of the Models 

The receptor models operate on the basis of various conservative assumptions. Many different 

variables are used in the models, each having various degrees of effect on the model results. The 

first step in calculating a receptor model is to establish what exposure point concentration will bB 

used in the model (maximum detected concentration, 95% upper confidence level, or mean 

concentration). USEPA federal guidance (USEPA, 1997) recommends calculating several versions 

of the receptor models. Each version representing various degrees of conservativeness. Typically, 

as within this assessment, a very conservative, “worst-case” version is calculated first and each 

subsequent version of the model becomes less conservative. 
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Varying degrees of conservativeness in the receptor models allows the risk assessor to begin at a 

“worst case” scenario and if no risks are indicated by this model (HQ values below one), than no 

additional versions of the model need to be generated. However, if risks are demonstrated in the 

“worst case,” conservative model, as per USEPA guidance, less conservative models are calculated. 

Variations in conservativeness can be achieved by adjusting input parameters and exposure point 

concentrations. Three levels of conservativeness have been created for the great blue heron ecological 

receptor model. These different versions ofthe heron model calculated for the study area at Stone Bay 

are highlighted below. The first two versions of the heron model were originally presented in the FAA 

(Most Conservative and Less Conservative models). Because risk to the heron was demonstrated in 

these models, a focused examination of expected site-specific risk to the heron was made in this 

memorandum. Further examination of potential risks to the great blue heron were made by developing 

a site-specific model for the study area at Stone Bay. The assumptions made in this additional heron 

model are also presented below. 

2.1.1 The Most Conservative Great Blue Heron Model 

The following bullets present the highlighted features ofthe most conservative (“worst case”scenario) 

version of the model. 

. This model assumes the heron will obtain 100% of its diet from the study area. 

. The maximum detected concentrations of copper and lead in surface water, sediment, 

and benthic tissue were used to represent site-wide concentrations. The maximum 

detected tissue concentration was selected among the three benthic species (clams, 

mussels, or oyster). 

. Copper and lead were assumed to be 100 percent bioavailable. 

. Because toxicity values could not be found for the specific receptor species, values 

reported for closely related species were used. 
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. The highest ingestion rates (drinking water, food, and incidental sediment ingestion) 

were used in the model. 
- _ 

. A low body weight was used in the model. 

. A NOAEL toxicity reference value was used in the model. 

2.1.2 The Less Conservative Great Blue Heron Model 

The less conservative heron model assumes less conservative inputs to the receptor model. The 

following bullets present the highlighted features of the less conservative version of the model. 

. This model assumes the heron will obtain 100% of its diet from the study area. 

. The mean values of the detected concentrations of copper and lead were used to 

represent site-wide concentrations of surface water, sediment, and benthic tissue. 

The mean value for the species selected in the most conservative models. 

. Copper and lead were assumed to be 100 percent bioavailable. 

. Because toxicity values could not be found for the specific receptor species, values 

reported for closely related species were used. 

. Average ingestion rates (drinking water, food, and incidental sediment ingestion) 

were used in the model. 

. An average or higher body weight was used in the model. 

. A LOAEL toxicity reference value was used in the model. 

2.1.3 The Site-Specific Great Blue Heron Model 

The site-specific heron model was calculated in an attempt to present a more site-related scenario 

specific to the study area within Stone Bay. The following bullets present the highlighted features 

of the site-specific version of the model. 

. This model assumes the heron will obtain a fraction of its diet from the study area. 

The surface area of the study area is compared with the home range of the heron to 

provide a realistic percent of the diet obtained from the study area. 
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. The mean values of the detected concentrations of copper and lead were used to 

represent site-wide concentrations of surface water, sediment, and benthic tissue. 

The mean value for the species selected in the most conservative models. 

. Copper and lead were assumed to be 100 percent bioavailable. 

. Because toxicity values could not be found for the specific receptor species, values 

reported for closely related species were used. 

. Average ingestion rates (drinking water, food, and incidental sediment ingestion) 

were used in the model. 

. An average or higher body weight was used in the model. 

. A LOAEL toxicity reference value was used in the model. 

2.2 Derivation of Toxicitv Reference Value 

Toxicity reference values are experimentally-based doses developed in scientific experiments. 

Toxicity reference values represent doses at which no (NOAEL) or low (LOAEL) adverse effects 

are noted to the test species. Potential risk to the receptor within the study area exists if the HQs 

(site calculated dose divided by toxicity reference value doses) exceed one. 

Toxicity reference values used in the great blue heron model were based on chicken studies for 

copper and red-tailed hawk studies for lead. One study found a significant adverse effect to the 

growth of the chicken at a dosage of 61.3 mg/kg/day of copper (Smith, 1969). A second chicken 

study calculated a LOAEL value of 23.5 mg/kg/day of copper (Hatch, 1978). At this concentration, 

acute respiratory problems were noted in the chickens. The LOAEL from the second study (23.5 

mg/kg/day) was used in this assessment. As per USEPA guidance, a NOAEL value was derived 

from the LOAEL value by dividing by 10 to provide a conservative estimation of a concentration 

at which no adverse effects would be expected to occur. 

In a single dose study (Lawler et al., 1991), the gastric motility of adult male and female red-tailed 

hawks fed 0.82 and 1.64 mg/kg BW/day of lead was evaluated through the use of surgically 

implanted transducers for a period of three weeks. Neither concentration had any effect on the 

gastric contractions of egestion of undigested material pellets. Another study conducted on red- 

tailed hawks found that 3 mg/kg/day of lead caused the clinical symptoms of lead poisoning. A 

similar study (Osborne et al., 1983) found that 3 mg/kg/day fed to starlings caused a reduction in 

muscle condition and altered their feeding activity. A LOAEL of 3 mg/kg/day was used in this 
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assessment. As per USEPA guidance, a NOAEL value was derived from the LOAEL value by 

dividing by 10 to provide a conservative estimation of a concentration at which no-adverse effects 

would be expected to occur. 

2-5 



3.0 UNCERTAINTY OF THE ECOLOGICAL RECEPTOR MODELS 

As with any modeling effort, inherent uncertainties exist within the ecological receptor models. The 

following factors are the primary contributors to the uncertainty of the models: 1) receptors are 

exposed to multiple media, 2) receptors are exposed to contaminants via multiple food pathways, and 

3) there are temporal variables of the receptor (e.g., differ life stages, and sexual differences) that 

influence the response of the species. In addition, there is uncertainty associated with using surrogate 

species for comparative purposes. For example, the heron model for Stone Bay was compared to 

studies conducted on the chicken and red-tailed hawk. 

For this assessment, NOAEL values were not found in the literature. Therefore, LOAEL values were 

used to calculate a NOAEL. A LOAEL was divided by a factor of 10 to obtain a NOAEL value 

(USEPA, 1997). There is uncertainty in this calculation of NOAELs; however, the uncertainty most 

likely errs on the conservative side. 

There is uncertainty associated with some of the toxicity values derived from a single species. 

Prediction of ecosystem effects from laboratory studies is difficult. Laboratory studies cannot take into 

account the effects of environmental factors which may add to the effects of contaminant stress. 

NOAELs and LOAELs were generally selected from studies using single contaminant exposure 

scenarios. 

There is uncertainty in the total daily intake models used to evaluate a reduction of receptor 

populations or sub-populations. Many input parameters are based on default values (i.e., ingestion 

rates) that may or may not adequately represent the actual values of the parameters. In addition, there 

is uncertainty in the level to which the indicator species will represent other species potentially 

exposed to copper and lead concentrations at the site. 

There are some differences of opinion found in the literature as to the effectiveness of using ecological 

receptor models to predict concentrations of contaminants found in ecological species. The food chain 

models currently used incorporate simplistic assumptions that may not represent conditions at the site, 

bioavailability of contaminants, or site-specific behavior of the receptors. The modeling process and 

results serve as an additional tool to evaluate site conditions and estimate potential risk. The results 

of the models are only one component to determining overall site risk. 
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4.0 ECOLOGICAL RECEPTOR MODEL RESULTS 

- _ 

The results of the three versions of models calculated for the great blue heron are presented in the 

following sections. The models are presented beginning with the most conservative version and 

ending with the site-specific version generated for herons inhabiting the study area. In addition, the 

great blue heron models calculated for the reference areas are also presented and compared to the 

study area models. 

4.1 Most Conservative Great Blue Heron Model 

As demonstrated on Table 1, an HQ of 44 was calculated for the great blue heron in the most 

conservative receptor model due to concentrations of copper. The HQ calculated for lead in the heron 

was slightly greater than one (HQ = 4.44). The most conservative heron model calculated for the 

reference area (Table 2) demonstrated similar risk due to copper and lead (copper HQ = 75.40 and 

lead HQ = 1.96). . 

4.2 Less Conservative Great Blue Heron Model 

As displayed on Table 3, the results of the less conservative heron model indicate a risk to the great 

blue heron from concentrations of copper. This risk is demonstrated by an HQ slightly greater than 

one (HQ = 3.13). Potential risk to the heron due to lead is not evident in this model. The less 

conservative heron model calculated for the reference area (Table 4) demonstrated a similar risk to the 

heron due to copper (HQ = 4.14). 

4.3 Site-SDecific Great Blue Heron Model 

The site-specific heron model provides a more realistic scenario ofhow much surface water, sediment, 

and biota a heron will actually obtain from the study area based on the home range of this species 

compared with the surface area of the study area. As indicated on Table 5, no risk is demonstrated 

in the site-specific heron model (HQs were calculated below one). Because no risk was demonstrated 

in the study area heron model, no comparisons to the reference areas were necessary. Therefore, a 

site-specific reference model was not calculated. 
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5.0 CONCLUSIONS 

The ecological receptor models provide an additional means of analyzing the collected data and 

estimating potential risks to higher trophic levels in the aquatic food chain. The results of the 

ecological receptor modeling effort serve as one factor in assessing the overall ecological condition 

of the study area. It should be noted that any risks identified through the modeling process are 

potential risks, and do not confirm harmful effects to the aquatic environment. 

Because risk to the heron was demonstrated in the ecological receptor models presented in the FAA, 

a focused examination of actual risk to the heron was made in this memorandum. The conclusions 

presented within the FAA, along with the results ofthe additional site-specific heron model presented 

in this memorandum, indicate that the great blue heron is not likely to be adversely impacted by rifle 

range activities. 
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