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Executive Summary 

This report presents the results of a Baseline Ecological Risk Assessment (BERA) for the 
Lab Area (Sites 14, 15, 16, 49, 50, 53, 54, and 55) at the Naval Support Facility, Indian Head 
(NSF-IH) in Indian Head, Maryland.  This BERA report was prepared by CH2M HILL under 
the United States Department of the Navy (Navy), Naval Facilities Engineering Command, 
Atlantic Division (LANTDIV), Comprehensive Long-Term Environmental Action Navy 
(CLEAN) III Contract N62470-02-D-3052, Contract Task Order (CTO) 43. This BERA has been 
submitted to the Naval Facilities Engineering Command (NAVFAC) Washington, NSF-IH, 
the United States Environmental Protection Agency (EPA), and the Maryland Department 
of the Environment (MDE). The activities described herein are part of the overall Installation 
Restoration Program (IRP) being implemented at NSF-IH. 

A screening ecological risk assessment (SERA) was completed for the Lab Area as part of 
the remedial investigation for the site (CH2M HILL, 2004). The results of the SERA 
suggested the potential for unacceptable ecological risk at the site. The results of the SERA 
revealed that several metals, polycyclic aromatic hydrocarbons (PAHs), and semivolatile 
organic compounds (SVOCs) posed potential risks to various biota, and that further 
investigation was warranted. The assessment and measurement endpoints selected for the 
BERA are described in Table ES-1.   

TABLE ES-1
MEASUREMENT ENDPOINTS AT THE LAB AREA

Assessment Endpoints Measurement Endpoints 

Survival and growth of soil invertebrate 
communities. 

Comparison of results of 28-day soil toxicity tests (survival and growth) with the earthworm 
(E. foetida) using site and reference soils. 

Survival, growth, and reproduction of 
birds and mammals that feed on soil 
invertebrates at the site. 

Comparison of estimated exposure dose to toxicity reference value using site-specific 
bioaccumulation data obtained from lead, mercury, and zinc concentrations in earthworm 
tissue (from soil bioassays) to a reference LOAEL-based HQ of 1.0. As stated in the Data 
Quality Objectives of the BERA Work Plan (CH2M HILL, 2005), the American robin (avian 
insectivore) and white-footed mouse (mammalian omnivore) are considered the surrogates 
for birds and mammals, respectively. 

 

In support of the BERA, surface soil samples were collected from ten locations at the Lab Area 
and from one reference location, on May 23 and 24, 2005.  The soil samples were analyzed for 
TAL metals, methylmercury, PAHs (SIM method), SVOCs, pH, total organic carbon (TOC), 
and grain size (by sieve analysis).  To evaluate direct toxicity to soil invertebrates, laboratory 
toxicity tests with the earthworm E. foetida were conducted on split samples from the soil 
sampling locations.   

To more accurately characterize the potential risk to birds and mammals that might 
consume soil invertebrates from the Lab Area, the test earthworms were analyzed for EPA 
Target Analyte List (TAL) metals and methylmercury at the conclusion of the soil toxicity 
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tests. The concentrations of metal COPCs (lead, mercury, and zinc) in the tissue samples 
were used to estimate exposure to insectivorous birds and omnivorous mammals.  

The results of the soil invertebrate toxicity tests indicate that soil invertebrate survival is not 
affected at the Lab Area. Significantly reduced growth was observed in nine samples (eight 
sample locations plus one duplicate).  Methylmercury was identified as possibly 
contributing to reduced growth in soil invertebrates at the Lab Area.  However, the level of 
effect is unlikely to impair the soil invertebrate community. The observed decrease in 
growth was less than 20 percent at all locations, except one in comparison to the reference 
sample. In general, a less than 20 percent reduction in the measurement endpoint is 
considered protective of the assessment endpoint (Suter et al., 1995).   

The results of the earthworm tissue analyses and exposure calculations for insectivorous 
terrestrial birds and omnivorous terrestrial mammals indicate that the risks to these 
receptors from COPCs in surface soils at the site are within ranges presumed to be 
acceptable.  HQs based on the LOAEL were less than 1, indicating that population-level 
impacts are likely not occurring and no further investigation is required.  The results of the 
BERA indicate that the COPCs identified in the RI Report for the Lab Area do not pose 
unacceptable risks; thus, further investigation is not required. 
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SECTION 1 

Introduction 

This report presents the results of a Baseline Ecological Risk Assessment (BERA) for the 
Lab Area (Sites 14, 15, 16, 49, 50, 53, 54, and 55) at the Naval Support Facility, Indian Head 
(NSF-IH) in Indian Head, Maryland.  This BERA report was prepared by CH2M HILL under 
the United States Department of the Navy (Navy), Naval Facilities Engineering Command, 
Atlantic Division (LANTDIV), Comprehensive Long-Term Environmental Action Navy 
(CLEAN) III Contract N62470-02-D-3052, Contract Task Order (CTO) 43. This BERA has been 
submitted to the Naval Facilities Engineering Command (NAVFAC) Washington, NSF-IH, 
the United States Environmental Protection Agency (EPA), and the Maryland Department 
of the Environment (MDE). The activities described herein are part of the overall Installation 
Restoration Program (IRP) being implemented at NSF-IH. 

This report was prepared in accordance with EPA guidance (EPA, 1997 and 1998) and Chief 
of Naval Operations (CNO) policy (CNO, 1999).  

The report is organized as follows: 

• Section 1: Introduction 
• Section 2: BERA Problem Formulation 
• Section 3: BERA Investigation Activities  
• Section 4: BERA Results 
• Section 5: Risk Characterization 
• Section 7: References 

1.1 Site Background 
NSF-IH is a Navy facility in northwestern Charles County, Maryland. The facility provides 
services, research, development, testing, and evaluation in energetics (TTNUS, 2004). The 
facility consists of the Main Area, located on Cornwallis Neck Peninsula, and the Stump 
Neck Annex, located across Mattawoman Creek from the main facility area. The Main Area 
is bounded by the Potomac River to the northwest, west, and south; Mattawoman Creek to 
the south and east; and the town of Indian Head to the northeast. 

The Lab Area consists of IRP Sites 14, 15, 16, 49, 50, 53, 54, and 55. As a result of similar 
historic usage, proximity, the sharing of sewer utilities, and overlapping field investigations, 
it was decided by the Indian Head Installation Restoration Team (IHIRT) in May 2000 to 
refer to the area encompassing these sites as the Lab Area.  Figure 1-1 shows the location of 
the Lab Area within the facility.  The Lab Area contains various office buildings, current and 
former laboratories, storage magazines, and other buildings and structures. Most of the 
structures in the Lab Area were used as laboratories or for chemical storage at one time in 
their history [refer to Section 1.4 of the Final Remedial Investigation Report, Lab Area (herein 
referred to as RI Report) (CH2M HILL, 2004) for more information].   
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The Lab Area covers approximately 14 acres. Figure 1-2 shows the layout and associated 
features of the Lab Area. The majority of the area contains maintained grass and trees (oaks 
are common).  A small emergent wetland (less than 0.5 acre) with cattails, rushes, and 
several trees receives runoff from the Lab Area, blow-off water from the steam system, and 
recharge from periodically broken water lines that run beneath the northern edge of the 
wetland.  The emergent wetland changes in shape throughout the seasons and is 
particularly affected by ruptured (or repaired) water lines that run beneath it.  Groundwater 
is more than 40 feet below ground surface throughout the site (Ensafe/Allen & Hoshall, 
1994) and, therefore, does not discharge to the wetland. Overflow from the wetland area 
drains into the storm drain system, which discharges to Mattawoman Creek near IRP Site 
41. As recommended in Section 7.2 of the RI Report, a soil and sediment removal action and 
restoration is planned for the wetland area after the BERA is completed for the upland 
portion of the Lab Area. The wetland restoration will be completed after the BERA to ensure 
that potential sources upgradient of the wetland are contained before restoration to 
minimize the potential for recontaminating the restored wetland. A preliminary remedial 
goal for the wetland sediments will be developed using literature-based information. 
Nature and extent and fate and transport information developed during the RI will be used 
in conjunction with the results of the BERA to select an appropriate remedy for the upland 
soils that will minimize the potential for recontaminating the wetland. 

1.2 Results of Steps 1-3A of the Ecological Risk Assessment 
A screening ecological risk assessment (SERA) was completed for the Lab Area as part of 
the remedial investigation for the site (CH2M HILL, 2004). The results of the SERA 
suggested the potential for unacceptable ecological risk at the site. For most endpoints, 
multiple chemicals were associated with hazard quotients (HQs) in excess of 1 (Section 6.4 
in the RI).  

The results of the Step 3A evaluation in the SERA revealed that several metals, polycyclic 
aromatic hydrocarbons (PAHs), and semivolatile organic compounds (SVOCs) posed 
potential risks to soil invertebrates. Table 1-1 shows the list of these chemicals of potential 
concern (COPCs) for various biota.  

Based on data collected for the RI, inorganic contamination, while generally higher near 
facility buildings upgradient of the wetland, is distributed throughout much of the Lab 
Area. Although the distribution of organic COPCs is not clearly defined, based on data 
collected for the RI, their occurrence may be a result of small, isolated releases. Maximum 
concentrations of copper (4,000 mg/kg), lead (31,200 mg/kg), mercury (962 mg/kg), and zinc 
(6,000 mg/kg) were found in site surface soils at concentrations higher than background 
levels (6.5 mg/kg, 17.9 mg/kg, 0.05 mg/kg, and 20.2 mg/kg for copper, lead, mercury, and 
zinc, respectively).  

1.3 Chemicals, Media, and Areas of Focus for the BERA  
Based on visual inspection by a CH2M HILL ecologist (September 2002), terrestrial 
vegetation in the Lab Area is growing and shows no obvious signs of stress. Although the 
absence of chemically induced adverse effects on the gross physical structure does not 
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preclude the potential for other, less-apparent effects, it demonstrates that the soil substrate 
will support a vegetative community. Therefore, plants were excluded from further analysis 
in the BERA. The COPCs on which the BERA focused, organized by receptor, are shown in 
Table 1-1. 

TABLE 1-1
COPCS AND ECOLOGICAL RECEPTORS IDENTIFIED FOR THE BERA

  

Soil Invertebrates Insectivorous Birds Insectivorous Mammals 

Copper Lead Mercury 

Lead Mercury  

Mercury Zinc  

Zinc   

Total PAHs   

Acetophenone   

Carbazole   

Dibenzofuran   
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SECTION 2 

Problem Formulation 

The BERA problem formulation is a revision of the SERA problem formulation and focuses 
the BERA on the key chemicals, exposure pathways, and receptors that were identified from 
the results of Step 3A. This revised problem formulation consists of an evaluation of the 
toxicity of the COPCs and a refined conceptual model. The conceptual model includes a 
discussion of exposure pathways, assessment endpoints, and risk hypotheses. 

2.1 Ecotoxicity Review 
The classes of compounds from which COPCs were selected include inorganics, SVOCs, and 
PAHs. Based on the Step 3A results, copper, lead, mercury, zinc, acetophenone, carbazole, 
dibenzofuran, and PAHs may pose a risk to the soil invertebrate community in the Lab 
Area. In addition, lead, mercury, and zinc in the surface soil may pose a risk to upper–
trophic-level receptors (insectivorous birds and insectivorous mammals).  

2.1.1 Inorganics 

2.1.1.1 Copper 
The bioavailability and toxicity of copper in soil is largely determined by the content of 
organic carbon (Streit and Jaggy, 1983). Acidic soil conditions also increase the availability 
of copper.  Copper may bioaccumulate in earthworms (Czarnowska and Jopkiewicz, 1978; 
Ireland, 1979).  A study by Van Rhee (1977) suggests that the population density of 
earthworms is not related to the concentration of copper in soil; however, the concentration 
of copper in worm tissue was found to be highly correlated to copper concentration in soil.  
Other studies, including Ma (1987), Carter (1983), Beyer and Cromartie (1987), and Beyer et 
al. (1987) suggest poor correlation between the concentration of copper in soil and in worm 
tissue. 

High concentrations of copper in soil can adversely affect growth, reproduction, and 
survivorship rates in earthworms. Earthworm rates of reproduction are generally more 
sensitive to the metal than mortality rates, and there is no evidence that any one genus of 
earthworms is less tolerant to copper, given the same set of conditions. After 6 weeks, a 
study reported that 2,000 milligrams per kilogram (mg/kg) of copper decreased growth of 
E. foetida by 75 percent and cocoon production by 85 percent; however, no adverse affects 
were observed at a concentration of 1,000 mg/kg (Neuhauser et al., 1984). Spurgeon et al. 
(1994) kept adult E. foetida in soil contaminated with cupric nitrate [Cu(NO3)2] at a pH of 6.3 
for 8 weeks to test the survival and growth rates. Lethal Concentration 50 percent (LC50) was 
555 mg/kg and Effects Concentration 50 percent (EC50) for cocoon production was 53.3 
mg/kg. In experiments by Ma (1987), soil with 1,000 mg/kg of cupric chloride [CuCl2] 
caused an 82 percent decrease in survival on Lumbricus rubellus. Streit and Jaggy (1983) 
studied the effect of soil organic carbon on toxicity of cupric sulfate (CuSO4) to the 
earthworm Octolasium cyaneum. The 14-day LC50 for soil with 3.2 percent organic carbon was 

WDC061040001.ZIP 2-1 



LAB AREA BASELINE ECOLOGICAL RISK ASSESSMENT REPORT 

180 mg/kg, 850 mg/kg for soil with 14 percent organic carbon, and 2,500 mg/kg for soil 
with 43 percent organic carbon. 

2.1.1.2 Lead 

Due to the strong absorption of lead to soil organic matter, the bioavailability of lead is 
commonly limited. Organic compounds of lead are more bioavailable than inorganic lead. 
Compared to lead carbonate, lead sulfate is relatively soluble and likely to be more 
bioavailable. Lead can be bioaccumulated by plants and animals. The primary route of lead 
exposure to plants is through root uptake, though translocation to shoots is limited (Wallace 
et al., 1977). Biomagnification of lead has not been reported. Earthworms may bioaccumulate 
lead (Roberts and Dorough, 1984; Beyer, 1990).  

Earthworm (E. foetida) growth and survival have been shown to be reduced following 
exposure to soil-associated lead [as lead nitrate, Pb(NO3)2] for 8 weeks (Spurgeon et al., 
1994). In this study, the LC50 and EC50 (cocoon production) values for E. foetida were 3,760  
mg/kg and 1,940 mg/kg, respectively. The 14-day LC50 value for adult E. foetida exposed to 
lead [as Pb(NO3)2] in artificial soil was 5,941 mg/kg (Neuhauser et al., 1985). A 4-month 
study was carried out to discover the effects of lead to the earthworm (Dendrobaena rubida) at 
varying soil pH (Bengtsson et al., 1986). Following exposure to 500 mg/kg lead in soil with a 
pH of 4.5, the number of cocoons produced per worm, hatchlings per cocoon, and percent of 
cocoons hatched were reduced by 75, 100, and 100 percent, respectively. No adverse effects 
were noted with exposure to 100 mg/kg lead at the same pH. At pH 5.5 and 6.5, no adverse 
effects to the earthworms were observed.  

Lead poisoning in birds is particularly well documented, but most lead poisoning in wild 
birds results from ingestion of lead pellets. In contrast, lead poisoning of birds, such as 
raptors, from biologically incorporated lead is considered unlikely. A 7-month study on the 
toxicological effects of lead ingestion in American kestrels found that an oral dose of 
3.85 milligrams per kilogram per day (mg/kg/d) did not cause any adverse reproductive 
effects (Sample et al., 1996); this dose was considered a chronic No Observed Adverse Effect 
Level (NOAEL). A chronic Lowest Observed Adverse Effect Level (LOAEL) of 
38.5 mg/kg/d was estimated by multiplying the chronic NOAEL by an uncertainty factor of 
10. A 12-week study with Japanese quail found that oral exposures to lead acetate in the diet 
did not have any adverse reproductive effects at doses of 1.13 mg/kg/d (chronic NOAEL), 
although adverse effects were observed at a dose of 11.3 mg/kg/d (chronic LOAEL) 
(Sample et al., 1996). 

2.1.1.3 Mercury 
Most mercury in soil is bound in the organic soil horizon (Steinnes, 1990; Lindquist et al., 
1991). Ionic forms of mercury are bound tightly to soil by forming complexes with organic 
matter in the upper soil horizon (Lindquist et al., 1991). Schuster (1991) found that mercury 
absorption decreases with increasing pH. Lodenius et al. (1990) found that solid organic 
matter in acidified soil decreases leaching of mercury by 300 percent. The dominant 
mercury species in soil are gaseous elemental mercury (Hgo), the mercuric ion (Hg2+), and 
small amounts of monomethyl (CH3Hg+) and dimethylmercury [(CH3)2Hg] (Revis et al., 
1989; Steinnes, 1990; Schuster, 1991). The mercuric ion rarely occurs in the free ionic form 
under natural conditions due to its strong complexing with organic matter (Steinnes, 1990). 
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Mercury is persistent in the environment and may cause significant effects on ecological 
receptors. The form of mercury most readily assimilated by biota is methylmercury. Once 
incorporated in tissues, methylmercury is very slow to depurate. The rate of 
bioaccumulation of methylmercury is species- and site-specific. 

Survival and cocoon production in the earthworm Octochaetus pattoni were reduced by 65 
and 40 percent, respectively, following exposure to 0.5 mg/kg mercury (Abbasi and Soni, 
1983); however, exposure did not affect the number of juveniles produced. Studies have 
shown the effect of methylmercury to survivorship and segment regeneration in the 
earthworm (E. foetida) (Beyer et al., 1985). A concentration of 12.5 mg/kg mercury reduced 
survival by 21 percent, and the ability to regenerate excised segments was reduced by 
69 percent. Furthermore, exposure to 2.5 mg/kg methylmercury had no effect [No Observed 
Effect Concentration (NOEC)]. A slug species (Arion ater) was used to determine the effect of 
mercury (as HgCl2) on terrestrial mollusks (Marigomez et al., 1986). After 27 days of dietary 
exposure, A. ater displayed a 26 percent decrease in growth at 1,000 mg/kg mercury, while 
300 mg/kg had no effect.  

A three-generation study on the effects of mercury (administered orally as methylmercury 
chloride) on the reproduction of rats indicated an LOAEL of 0.16 mg/kg/d because reduced 
pup viability was observed (Verschuuren et al., 1976). A chronic NOAEL of 0.032 mg/kg/d 
was established because no adverse reproductive effects were observed at this level.  

A 93-day study conducted on mink indicated that a dose of 1.8 ppm (administered orally as 
methylmercury chloride) caused mortality, weight loss, and behavioral abnormalities 
(Wobeser et al., 1976). No adverse effects were observed at 1.1 ppm, so this dose was 
considered a chronic NOAEL. These values were converted to a daily dose of 0.25 mg/kg/d 
(chronic LOAEL) and 0.15 mg/kg/d (chronic NOAEL). 

A literature search was conducted on the toxicological effects of mercury ingestion to birds. 
A 1-year study conducted on Japanese quail indicated that an oral dose of 0.9 mg/kg/d (as 
mercuric chloride) caused reduced fertility and egg hatchability (Sample et al., 1996). This 
dose was considered a chronic LOAEL. No adverse reproductive effects were observed at a 
dose of 0.45 mg/kg/day. This dose was considered a chronic NOAEL. 

Mallards fed methylmercury during a three-generation study showed significant reproductive 
effects (reduced egg and duckling production) at a daily dose 0.064 mg/kg/d (Sample et al., 
1996). This dose was considered a chronic LOAEL. A chronic NOAEL of 0.0064 mg/kg/d was 
estimated by multiplying the chronic LOAEL by an uncertainty factor of 0.1. 

2.1.1.4 Zinc  

In the environment, the most common form of zinc is in the +2 oxidation state. Zinc is 
highly reactive in soils and can be adsorbed to clay minerals or metallic oxides (Sachdev et 
al., 1992). The active zinc species in the adsorbed state is the singly charged zinc hydroxide 
species [i.e., Zn(OH)+] (Sanders and El Kherbawy, 1987). This metal forms stable complexes 
with organic substances such as humic and fulvic acids. Metallic zinc is insoluble, but the 
solubilities of zinc compounds range from insoluble (oxides, carbonates, phosphates, 
silicates) to extremely soluble (sulfates and chlorides) (Environment Canada, 1996).  
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Zinc solubility and mobility increases with decreasing soil pH. In soils with pH above 7.7, 
zinc hydroxide [Zn(OH)2] becomes the dominant form and solubility is very low. Zinc in a 
soluble form, such as zinc sulfate, is fairly mobile in most soils; however, relatively little zinc 
in most soils is in soluble form, and mobility is, therefore, limited by a slow rate of 
dissolution. Low pH (less than 7) and high ionic strength of the leaching solution favor 
desorption (Saeed and Fox, 1977; EPA, 1987).  

E. foetida exposed to zinc [as zinc nitrate, Zn(NO3)] exhibited lethal and sublethal  effects 
(e.g., growth effects) (Spurgeon and Hopkin, 1995). Zinc exposure resulted in estimated LC50 
and EC50 (growth) values of 216 mg/kg and 400 mg/kg, respectively. Further studies 
evaluating the effects of zinc (as zinc acetate) in horse manure to E. foetida showed reduced 
cocoon production (Malecki et al., 1982). Following an 8-week exposure, 2,000 mg/kg 
resulted in a 36 percent decrease in cocoon production, while 1,000 mg/kg had no effects. 
Following a 20-week exposure, 5,000 mg/kg resulted in a 53 percent reduction in cocoon 
production, while 2,500 mg/kg had no effect. Following zinc exposure in soil, the terrestrial 
isopod, Porcellio scaber, exhibited prolonged molting (Drobne and Strus, 1996). The NOEL 
for P. scaber molting was 250 mg/kg. 

Zinc toxicity to earthworms (E. foetida) was evaluated through studies with a range of 
artificial soils having varying organic content and pH (Spurgeon and Hopkin, 1996). In 
general, mortality increased as zinc concentrations increased, and a decrease in pH and 
organic matter (i.e., within the range tested) tended to decrease zinc toxicity. Depending on 
soil chemistry, the estimated EC50 values (cocoon production) for this study ranged from 
136 mg/kg to 592 mg/kg. Studies in which adult earthworms were exposed to Zn(NO3) in 
artificial soil (pH 6) were used to estimate LC50 values (Neuhauser et al., 1985). Following 14 
days of exposure, an LC50 value of 662 mg/kg was calculated. 

Reproduction in chickens exposed to zinc in the diet for 44 weeks was not adversely affected 
at a daily dose of 14.5 mg/kg/d, but was adversely affected at 131 mg/kg/d. These doses 
are considered chronic NOAEL and LOAEL values, respectively (Sample et al., 1996).  

2.1.2 Semivolatile Organics 

Acetophenone 
Information about the toxicity of acetophenone to soil invertebrates was not located in the 
literature. 

Carbazole 

Sverdrup et al. (2002) reported an NOEC, a growth Effects Concentration 10 percent (EC10), a 
growth EC50, and an LC50 of 31 mg/kg, 35 mg/kg, 54 mg/kg, and 106 mg/kg, respectively, 
for the earthworm, E. veneta. An NOEC, a growth EC10, a growth EC50, and an LC50 of 17 
mg/kg, 10 mg/kg, 35 mg/kg, and 2,500 mg/kg, respectively, were calculated for the 
collembolan, F. fimetaria (Sverdrup et al., 2001). No other information about the toxicity of 
carbazole to soil invertebrates was located in the literature. 

Dibenzofuran 
Dibenzofuran is a polynuclear aromatic compound that may be found in coke dust, grate 
ash, fly ash, and flame soot. It has been listed as a pollutant of concern to EPA’s Great 
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Waters Program because of its persistence in the environment, potential to bioaccumulate, 
and toxicity to the environment. Sverdrup et al. (2002) reported an NOEC, a growth EC10, a 
growth EC50, and an LC50 of 30 mg/kg, 36 mg/kg, 61 mg/kg, and 78 mg/kg, respectively, 
for the earthworm (E. veneta). An NOEC, a growth EC10, a growth EC50, and an LC50 of 
14 mg/kg, 19 mg/kg, 23 mg/kg, and 50 mg/kg, respectively, were calculated for the 
collembolan, F. fimetaria (Sverdrup et al., 2001). No other information about the toxicity of 
dibenzofuran to soil invertebrates was located in the literature. 

2.1.3 Polynuclear Aromatic Hydrocarbons (PAHs) 
PAHs are virtually ubiquitous in nature, primarily as a result of natural processes such as 
forest fires, microbial synthesis, and volcanic activity. Anthropogenic sources of PAHs in 
the environment include the high-temperature combustion of organic materials typical of 
processes used in the steel industry, heating and power generation, and petroleum refining. 
They have been detected in animal and plant tissues, sediments, soils, air, surface water, 
drinking water, and groundwater.  

In most multicellular organisms, however, PAHs show little tendency for long-term 
bioaccumulation despite their high lipid solubility, probably because most PAHs are rapidly 
metabolized (Eisler, 1987).  

Information on PAH-toxicity to soil invertebrates as a group is largely inferred from 
information on benzo(a)pyrene [B(a)P]. Salt-marsh caterpillars (Estigmene aerea) were 
observed to excrete most ingested B(a)P as fecal products. Approximately 50 percent of the 
50 micrograms (μg) of B(a)P fed to two caterpillars was excreted intact, while most of the 
remainder was degraded by hydroxylation and conjugation to highly polar derivatives (Lu 
et al., 1977). Isopods (Porcellio saber) fed leaf litter contaminated with 0 to 125 mg B(a)P per 
kg leaf showed minimal mortality unrelated to B(a)P exposure. These results supported 
previous aquatic toxicity data that suggested a low acute toxicity for B(a)P (Neff, 1979; van 
Straalen and Verweij, 1991). Exposure to the highest level of B(a)P resulted in a significant 
increase in the rate of food assimilation and a significant decrease in the growth efficiency of 
male animals only, but the reasons for these changes were unclear. No other effects related 
to B(a)P ingestion were observed (van Straalen and Verweij 1991). Earthworms (E. foetida) 
exposed to deposits of B(a)P on filter paper for 48 hours showed an LC50 greater than 
1,000 μg per square centimeter (Roberts and Dorough, 1984). Repeated dermal applications 
of a 0.5 percent solution of B(a)P to the earthworm (L. terrestris) resulted in hyperplasia and 
incipient tumors both at the application site and at other parts of the body after 8 to 
10 weeks of exposure (Montizaan et al., 1989).  

NOEC, growth EC10, growth EC50, and LC50 values for fluoranthene, fluorene, 
phenanthrene, and pyrene have been established for the earthworm (E. veneta) (Sverdrup et 
al., 2002) and the collembolan (F. fimetaria) (Sverdrup et al., 2001). F. fimetaria was more 
sensitive than E. veneta, with NOECs ranging from 13 mg/kg (pyrene) to 47 mg/kg 
(fluoranthene), as compared to 28 mg/kg (fluorene) to 98 mg/kg (fluoranthene) for 
F. fimetaria. LC50 values were also lower for the F. fimetaria, ranging from 41 mg/kg 
(phenanthrene) to 81 mg/kg (fluoranthene), as compared to 69 mg/kg (fluorene) to 
416 mg/kg (fluoranthene) for F. fimetaria. 
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Toxicity information for total PAHs was not located in the literature. A Dutch soil quality 
standard screening value for total PAHs is available, and, using the site-specific total 
organic carbon (TOC) adjustment, was calculated at 12,915 μg/kg (MHSPE, 1994).  

2.2 Conceptual Model 
Figure 2-1 presents the conceptual site model for ecological receptors at the Lab Area. The 
model integrates information regarding the physical characteristics of the site, potentially 
exposed receptors, sources of contamination, and contaminant mobility (fate and transport) 
to identify exposure routes, receptors, and endpoints. A well-defined conceptual site model 
allows for a better understanding of the risks at a site and aids in the identification of the 
potential need for remediation. Figure 2-1 has been revised to reflect the results of the SERA 
and Step 3A from the remedial investigation. 

2.2.1 Exposure Pathways 
Copper, lead, mercury, zinc, acetophenone, carbazole, dibenzofuran, and PAHs are present 
in Lab Area surface soil, possibly owing to past disposal activities. Mercury is known to be 
present from past disposal activities as described in the RI Report. The source of 
contamination is historic disposal of laboratory waste near the laboratory buildings. The 
ecological receptors are terrestrial species that have contact with the soil (e.g., soil 
invertebrates, American robin, and white-footed mouse) or consume organisms that have 
direct contact with the soil (e.g., American robin and white-footed mouse). 

2.2.2 Assessment Endpoints 
Refined assessment endpoints for the BERA are as follows: 

Survival and growth of soil invertebrates—Soil invertebrates serve as a forage base for 
many terrestrial species. The soils at the site will support fewer birds and mammals if 
chemical concentrations are limiting the survival, growth, and reproduction of soil 
invertebrates. 

Survival, growth, and reproduction of insectivorous birds—These receptors are third-order 
consumers and, thus, are more susceptible to bioaccumulative chemicals, especially those 
that have the potential to biomagnify. The American robin (Turdus migratorius) was chosen 
to represent this endpoint. Robins live in a variety of habitats, including woodlands, 
swamps, suburbs, and parks. They forage on the ground in open areas, along edge habitats, 
or along the edges of streams. Robins forage for ground-dwelling invertebrates and search 
for fruit and foliage-dwelling insects in low tree branches (Malmborg and Willson, 1988). As 
robins forage for soil invertebrates, their exposure to soil contamination would likely be 
significant. 

Survival, growth, and reproduction of omnivorous terrestrial mammals—These receptors 
are second-order consumers and, thus, are more susceptible to bioaccumulative chemicals, 
especially those that have the potential to biomagnify. The white-footed mouse (Peromyscus 
leucopus) was chosen to represent this endpoint. The white-footed mouse inhabits nearly all 
types of dry-land habitats within its range (Burt and Grossenheider, 1980). They are 
opportunistic feeders, and eat seeds, arthropods, some green vegetation, roots, and fruit. 
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2.2.3 Risk Hypotheses 
Risk hypotheses are questions about how assessment endpoints could be affected. Risk 
hypotheses clarify and articulate relationships that are possible through consideration of 
available data, information from the scientific literature, and the best professional judgment 
of risk assessors. The risk hypotheses/questions associated with the assessment endpoints 
include the following: 

1. Are the concentrations of copper, lead, mercury, zinc, acetophenone, carbazole, 
dibenzofuran, and PAHs in surface soil at the Lab Area impairing the survival and 
growth of soil invertebrate communities to the extent that the prey base to support 
terrestrial insectivores has been adversely affected? 

2. Is lead, mercury, or zinc in the surface soil at the Lab Area bioaccumulating in soil 
invertebrates to the extent that the growth, survival, or reproduction of omnivorous 
terrestrial mammals and insectivorous birds that forage at the site may be impaired? 

2.2.4 Measurement Endpoints 
Measurement endpoints are measures of biological effects (e.g., laboratory toxicity test 
results) that are related to each respective assessment endpoint (EPA, 1997). Table 2-1 shows 
the measurement endpoints associated with each assessment endpoint for the Lab Area.  

TABLE 2-1
MEASUREMENT ENDPOINTS AT THE LAB AREA

 

Assessment Endpoints Measurement Endpoints 

Survival and growth of soil invertebrate 
communities. 

Comparison of results of 28-day soil toxicity tests (survival and growth) with the earthworm 
(E. foetida) using site and reference soils. 

Survival, growth, and reproduction of 
birds and mammals that feed on soil 
invertebrates at the site. 

Comparison of estimated exposure dose to toxicity reference value using site-specific 
bioaccumulation data obtained from lead, mercury, and zinc concentrations in earthworm 
tissue (from soil bioassays) to a reference LOAEL-based HQ of 1.0. As stated in the Data 
Quality Objectives of the BERA Work Plan (CH2M HILL, 2005), the American robin (avian 
insectivore) and white-footed mouse (mammalian omnivore) are considered the surrogates 
for birds and mammals, respectively. 
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SECTION 3 

Investigation Activities 

Investigation activities for the BERA were conducted at the Lab Area in May 2005 in 
accordance with the approved Final Work Plan for Baseline Ecological Risk Assessment, Lab Area 
(herein referred to as BERA Work Plan) (CH2M HILL, 2005).  The following sections discuss 
sampling procedures and laboratory analyses for the soil invertebrate community, upper-
trophic-level receptors, and reference sample.  

3.1 Soil Invertebrate Community 
Surface soil samples were collected from ten locations (TX01 through TX10) at the Lab Area  
on May 23 and 24, 2005. Figure 3-1 shows the sample locations, which were surveyed with a 
Global Positioning System (GPS). The BERA Work Plan outlines the rationale for the selection 
of the sample locations.  

Soil samples were collected from a depth of 0 to 6 inches below ground surface to capture 
the bulk of the biologically active zone, because the O- and A-soil-horizons (the upper soil 
horizons that contain decaying organic matter) at the site are thin and not well developed. 
All soil samples were analyzed for TAL metals, methylmercury, PAHs (SIM method), 
SVOCs, pH, total organic carbon (TOC), and grain size (by sieve analysis). To evaluate 
direct toxicity to soil invertebrates, laboratory toxicity tests were conducted on split samples 
from the soil sampling locations. At each location, sufficient sample volume to conduct the 
tests was collected and mixed to a consistent color and texture in the field before filling 
bottles for chemical and toxicological analyses.  

E. foetida was used as the test organism for the toxicity testing. The toxicity tests were 
conducted for 28 days, with growth and survival as test endpoints. The growth and survival 
of test organisms in the site soil were statistically compared with the results of these 
parameters in the reference and control soils. An alpha level of 0.05 was used in the 
statistical comparisons, which corresponds to a 5 percent chance of incorrectly concluding 
that the response of the site samples is statistically equivalent to the reference or control 
samples, when in fact they are statistically different.   

3.2 Upper-Trophic-Level Receptors 
To more accurately characterize the potential risk to birds and mammals that might 
consume soil invertebrates from the Lab Area, the test earthworms were analyzed for Target 
Analyte List (TAL) metals and methylmercury at the conclusion of the soil toxicity tests. The 
earthworms were not depurated prior to analysis to account for soil exposure to metals 
COPCs in the gut content of the earthworms. The concentrations of metal COPCs (lead, 
mercury, and zinc) in the tissue samples were used to estimate exposure to insectivorous 
birds and omnivorous mammals. Only the COPCs were considered in the evaluation (the 
remaining TAL metals were not evaluated).  
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The ingestion-based exposure model presented in the SERA and Step 3A in the RI Report 
was used to estimate exposure, but modified by replacing the literature-derived factors used 
in the SERA and Step 3A with actual site-specific bioaccumulation data from the earthworm 
bioassays. Unacceptable risk constituted of exceedance of LOAEL-based reference toxicity 
values for these receptors.  

3.3 Reference Sample 
A surface soil reference sample, ISLBSSREF1, was collected from a location known to be free 
of contamination (Figure 3-2). The soil reference site was one of the sampling locations 
(BGDSS03) used in the Background Soil Investigation Report for Indian Head and Stump Neck 
Annex (TTNUS, 2002). This location is in an undeveloped, wooded area. The location was 
selected to ensure that the reference soil closely resembled the physical characteristics of the 
site soil (i.e., similar grain size and amount of organic material). The reference soil was 
analyzed for the same parameters as the site samples: TAL metals, methylmercury, PAHs 
(SIM method), SVOCs, pH, total organic carbon (TOC), and grain size (by sieve analysis) 

The survival and growth of the organisms exposed to the reference soil was statistically 
compared to the response of organisms exposed to the site soil to ensure that only risk from 
site-related chemicals (at levels above basewide background) was evaluated. The responses 
of organisms to the control soil were also compared to the responses to site and reference 
soils to evaluate the results of the toxicity tests.  
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SECTION 4 

Investigation Results 

Potential risk to the soil invertebrate community was evaluated using soil toxicity tests.  
Risk estimates for birds and mammals that might forage at the Lab Area were refined by 
estimating exposure, using the concentrations of COPCs in earthworm tissue obtained at the 
conclusion of the soil toxicity tests. Grain size data are presented in Appendix A. Analytical 
data are presented in Appendix B. Toxicity test data are presented in Appendix C. Food web 
exposure model is presented in Appendix D. 

4.1 Soil Chemistry and Physical Characteristics 
All soil samples (site and reference) were analyzed for copper, lead, mercury, zinc, 
methylmercury, SVOCs, pH, TOC, and grain size. Physical properties of soil, such as grain 
size distribution and TOC content, can directly affect the environmental fate and 
bioavailability of contaminants.  For example, soils with more silt and clay and high TOC 
will generally retain contaminants adsorbed to the particles more so than soils with a more 
sand and gravel content and less TOC.  Furthermore, some contaminants are less 
bioavailable in soils with a high TOC content because the contaminants are bound to the 
organic matter in the soil and, thus, are not readily available for uptake by organisms.   

Grain size distribution curves for the soil samples are included in Appendix A. The TOC 
data are presented in Table B-1 in Appendix B. The grain size distribution curves reflect 
variability between the reference sample and site samples and within the site samples.  
Table 4-1 provides a summary of the grain size distribution and TOC for all samples. Except 
for samples ISLBSS02, ISLBSS04, ISLBSS06, and ISLBSS07, which show the percent of fines 
(silt and clay) to be less than 50 percent, all other site samples and the reference sample have 
percent fines greater than about 60 percent. With respect to the fractions coarser than the 
fines, the percentages vary as shown on the table. The grain size distribution varies among 
the site samples with ranges for each size fraction as follows: 27.4 to 75.5 percent silt and 
clay, 16.1 to 28.4 percent fine sand, 5 to 21.9 percent medium sand, 0.9 to 6.5 percent coarse 
sand, and 0 to 34 percent gravel.  The TOC content of the reference sample (28,200 mg/kg, 
or 2.82 percent) was within the range measured in the site samples (4,700 to 34,300 mg/kg 
or 0.47 to 3.43 percent, respectively).  

Analytical results of the surface soil samples collected from the ten locations at the Lab Area 
and one reference location are presented in Table B-1 in Appendix B. Table 4-2 presents the 
summary statistics for the COPCs and methylmercury. COPC metals were detected in all 
samples. Acetophenone was detected in two samples, whereas carbazole and dibenzofuran 
were not detected. One or more individual PAH was detected in all samples and were used 
to calculate the total PAHs (i.e., the sum of the 10 individual PAHs was used to derive the 
total PAHs soil invertebrate screening value).  
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4.2 Soil Toxicity 
The soil toxicity testing report, including raw data, summary tables, and statistical analyses, 
is provided in Appendix C. Toxicity tests were conducted with earthworms (E. foetida), 
exposed to soil collected from the ten locations at the Lab Area, one reference location, and 
laboratory control. The toxicity tests were conducted for 28 days with survival and growth 
as test endpoints. Earthworm reproduction results are included in the soil toxicity testing 
report, but are not considered in the evaluation of risk to soil invertebrates. Laboratory 
measurements of earthworm reproduction can be unreliable due to the life cycle E. foetida, 
which is 6 to 9 months (ASTM, 2004).  Therefore, the worms that are used in the tests are 
assumed to be sexually mature, but in fact may or may not be in reproductive mode at the 
time of the test.  In addition, reproductive output can be directly affected by non-chemical 
confounding factors such as the variability of TOC content in the samples. For these reasons, 
earthworm reproduction was not included as a measurement endpoint for the BERA. 

The mean survival of earthworms in the laboratory control sample and reference samples 
was 100 percent and 97.5 percent, respectively (Table 4-3). The mean survival in the Lab 
Area samples was 100 percent in all samples, except the duplicate for ISLBSS080505, which 
was 97.5 percent. Statistical analysis of the site data to the reference and to the control 
showed that there was no statistically significant reduction in survival in the site samples. 

Earthworm growth was 0.485 mg (average weight per earthworm) in the reference sample, 
0.415 mg in the control sample, and ranged from 0.373 mg to 0.438 mg in the site samples 
(Table 4-3). Comparison of growth in the site samples to growth in the control sample 
indicates that only soil sample from location ISLBTX08 exhibited a statistically significant 
reduction in growth.  Comparison of growth in the site samples to growth in the reference 
sample indicates that all site samples except soil samples from locations ISLBTX01 and 
ISLBTX11 exhibited a statistically significant reduction in growth.   

4.3 Earthworm Tissue 
Earthworm tissue data for earthworms exposed to soil collected from the ten locations at the 
Lab Area and the reference location are presented in Table B-2 in Appendix B. The COPC 
concentrations in the earthworm tissue samples were used to refine the risk estimate for 
birds and mammals that might forage at the Lab Area.  Table 4-4 presents the summary 
statistics of the COPC concentrations in earthworm tissue samples.   

The American robin and white-footed mouse were chosen as the surrogate species to 
represent the bird and mammal receptor groups that might forage on earthworms at the Lab 
Area. The ingestion-based exposure model used in the SERA and Step 3A was modified to 
refine the risk estimate for these receptors by including site-specific earthworm tissue data. 
The food web model, modifications to the food web model, and the ingestion screening 
values to which the exposure doses were compared are described in Appendix D. 
Calculated NOAEL-based and LOAEL-based HQs for the American robin and white-footed 
mouse are presented in Table 4-5. All LOAEL-based HQs were less than 1.0 for both 
receptors.  
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All NOAEL HQs were less than 1.0 except for mercury (HQ= 3.5) in the white-footed 
mouse.  The NOAEL HQ for lead exposure to American robin was 1.0. Although the 
NOAEL HQ for mercury in the white-footed mouse exceeded 1.0, the LOAEL HQ was 
below 1.0 and the Maximum Acceptable Threshold Concentration (MATC) [(average of the 
NOEAL and LOAEL] HQ is 1.6. In addition, the risk to the white-footed mouse is 
considered to be overestimated because of the following: (1) The total exposure for the 
white-footed mouse was based almost entirely on estimated mercury in plant tissue; and (2) 
Literature-derived bioconcentration factors (BCFs) for mercury were found to overestimate 
mercury uptake at the site, as indicated in earthworm tissue concentrations. Typically, soil-
to-earthworm BCFs for mercury are higher than soil-to-plant BCFs. Considering the 
marginal exceedence of the MATC value and the likely overestimation of risk to the white-
footed mouse, the potential risk to omnivorous mammals is considered acceptable.  
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TABLE 4-1

SUMMARY OF GRAIN SIZE DISTRIBUTION AND TOC FOR SURFACE SOIL SAMPLES

Sample ID % Silt 
and Clay 

% Fine 
Sand 

% Medium 
Sand 

% Coarse 
Sand 

% 
Gravel 

% TOC 

Reference 
(ISLBSSREF1) 

62.2 26.9 10.2 0.7 0 2.82 

ISLBSS010505 (TX01) 68.2 24.6 5.6 1.5 0 1.10 
ISLBSS020505 (TX02) 32.3 25.7 15.7 6.5 19.9 3.43 
ISLBSS030505 (TX03) 59.6 25.6 8.5 1.4 5 1.04 
ISLBSS040505 (TX04) 35.7 22.8 21.9 4.2 15.5 2.65 
ISLBSS050505 (TX05) 63.4 16.1 5 1.6 13.9 1.22 
ISLBSS060505 (TX06) 47.5 28.4 16.5 1.1 6.4 1.88 
ISLBSS070505 (TX07) 27.4 18.6 14.8 5.2 34 2.69 
ISLBSS080505 (TX08) 73.1 18.3 6.2 1.9 0.6 1.93 

ISLBSS080505 – 
Duplicate (TX11) 

65.7 20.7 9.8 1.5 2.4 2.67 

ISLBSS090505 (TX09) 64.7 25.6 7.1 1.8 0.7 0.47 
ISLBSS100505 (TX10) 75.5 16.1 7.2 0.9 0.3 2.50 

 

TABLE 4-2 

SUMMARY STATISTICS FOR COPCS IN SURFACE SOIL SAMPLES

COPC 
Reference 

Sample 

Range of       
Non-Detected 

Values 

Frequency 
of 

Detection 
Range of Detected 

Values 

Sample ID of 
Maximum 

Concentration 
Arithmetic 

Mean 1

Standard 
Deviation 
of Mean 

Metals (mg/kg)              

Copper 10.1 -- - -- 10 / 10 7.6 - 127 ISLBSS070505 32.0 37.9 

Lead 26.5 -- - -- 10 / 10 32.1 - 850 ISLBSS100505 236 296 

Total Mercury 0.19 -- - -- 10 / 10 0.75 - 127 ISLBSS070505 26.7 40.1 

Methylmercury 0.000048 -- - -- 10 / 10 0.000307 - 0.00249 ISLBSS020505 0.0012 0.0006 

Zinc 19.3 -- - -- 10 / 10 40 - 576 ISLBSS070505 166.2 183.7 

SVOCs (µg/kg)                

Acetophenone 460 (ND) 380 - 430 2 / 10 410 - 530 ISLBSS070505 259 123 

Carbazole 460 (ND) 380 - 430 0 / 10 -- - -- NA 203 8.23 

Dibenzofuran 460 (ND) 380 - 430 0 / 10 -- - -- NA 203 8.23 

Total PAHs 2 4600 (ND) -- - -- 10 / 10 93.4 - 5801 ISLBSS050505 1631 1625 

1 Arithmetic mean calculated using one-half of reporting limit for non-detects 
2 Total PAHs is the sum of 10 individual PAHs: anthracene, benzo(a)anthracene, benzo(a)pyrene, benoz(k)fluoranthene, benzo(g,h,i)perylene, 
chrysene, fluoranthene, indeno(1,2,3-c,d)pyrene, naphthalene, and phenanthrene. Individual PAHs that were not detected were included at their 
reporting limit in the calculation of the total PAHs. 
“—“ Not applicable because it was detected or not detected in all samples 
NA – Not Applicable because it was not detected. 
ND – Not Detected 
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TABLE 4-3 
SURFACE SOIL TOXICITY TEST RESULTS FOR EARTHWORM SURVIVAL AND GROWTH 

Sample Survival 
(%) 

Significant 
Difference? 

Growth 
(mg) 

Significant 
Difference? 

Control 100 -- 0.415 -- 

Reference (ISLBSSREF1) 97.5 -- 0.482 -- 

ISLBSS010505 (TX01) 100 No 0.455 No 

ISLBSS020505 (TX02) 100 No 0.400 Yes (Reference) 

ISLBSS030505 (TX03) 100 No 0.435 Yes (Reference) 

ISLBSS040505 (TX04) 100 No 0.410 Yes (Reference) 

ISLBSS050505 (TX05) 100 No 0.428 Yes (Reference) 

ISLBSS060505 (TX06) 100 No 0.435 Yes (Reference) 

ISLBSS070505 (TX07) 100 No 0.410 Yes (Reference) 

ISLBSS080505 (TX08) 100 No 0.373 
Yes (Control and 

Reference) 
ISLBSS080505 – 
Duplicate (TX11) 

97.5 No 0.453 No 

ISLBSS090505 (TX09) 100 No 0.438 Yes (Reference) 

ISLBSS100505 (TX10) 100 No 0.413 Yes (Reference) 

 

TABLE 4-4 
SUMMARY STATISTICS OF COPCS IN EARTHWORM TISSUE SAMPLES 

COPC 
Reference 

Sample 

Range of      
Non-

Detected 
Values 

Frequency 
of 

Detection 
Range of 

Detected Values 

Sample ID of 
Maximum 

Concentration 
Arithmetic 

Mean 1

Standard 
Deviation 
of Mean 

Metals (mg/kg)*              

Lead 9.2 -- - -- 10 / 10 3.6 - 133 ISLBTX10 29 41 

Total Mercury 0.037 (ND) -- - -- 10 / 10 0.11 - 130 ISLBTX07 15.5 40.4 

Methylmercury 0.0012 (ND) -- - -- 10 / 10 0.0018 - 0.09 ISLBTX02 0.022 0.026 

Zinc 18.1 -- - -- 10 / 10 18.5 - 68.6 ISLBTX10 34.1 17.3 
1 Arithmetic mean calculated using 1/2 reporting limit for non-detects 
ND – Not Detected 
“—“ Not applicable because it was detected in all samples 
*Concentrations are reported in wet weight. 
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TABLE 4-5 
RESULTS OF EXPOSURE CALCULATIONS FOR UPPER TROPHIC LEVEL RECEPTORS 

NOAEL-based Hazard Quotient LOAEL-based Hazard Quotient 
COPC 

American Robin White-footed Mouse American Robin White-footed Mouse 

Lead 1.0 0.1 0.2 <0.1 
Mercury <0.1 3.5 <0.1 0.7 

Zinc 0.3 <0.1 <0.1 <0.1 
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SECTION 5 

Risk Characterization 

5.1 Assessment Endpoints 
Risk to each of the assessment endpoints described in Section 2.2.2 are characterized below. 

Survival and growth of soil invertebrates – The results of the soil invertebrate toxicity tests 
indicate that soil invertebrate survival is not affected at the Lab Area. Significantly reduced 
growth was observed in nine earthworm ?? samples (eight sample locations plus one 
duplicate) and was further evaluated with a comparison to COPC concentrations. Carbazole 
and dibenzofuran were not detected in any surface soil samples and were eliminated as 
COPCs. Acetophenone was detected in soil or earthworm ?? samples from ISLBSS07 and 
ISLBSS08. Because significantly reduced growth was observed in nine samples, the 
contribution of acetophenone to observed effects, if any, is limited to these two sample 
locations. Concentrations of copper, lead, and zinc also exceeded screening values at only 
two sample locations (ISLBSS07 and ISLBSS10). PAHs were detected in all samples, with the 
maximum concentration at ISLBSS07 (5,801 μg/kg); however, in comparison to the total 
organic carbon adjusted screening value for PAHs (MHSPE, 1994), only the concentration at 
ISLBSS05 exceeded the screening level. In contrast, mercury was detected above screening 
levels in all surface soil samples. Therefore, the contribution of all COPCs, except mercury, 
to the observed decrease in growth (if any) is occurring in only a limited area that is unlikely 
to affect the soil invertebrate community at the Lab Area. 

Mercury (total and methylmercury) was further evaluated as a COPC for growth using 
correlation analyses. Scatter plots of earthworm growth versus total mercury and 
methylmercury are shown in Figures 5-1 and 5-2, respectively. Total mercury was weakly 
correlated with earthworm growth (r2 = 0.29). A strong negative correlation (r2 = 0.60) was 
observed with increasing methylmercury concentrations and decreasing growth, which 
suggests that methylmercury in Lab Area surface soil may reduce soil invertebrate growth.   

Although methylmercury may contribute to reduced growth in soil invertebrates at the 
Lab Area, the level of effect is unlikely to impair the soil invertebrate community. Nine of 
eleven samples had significantly reduced growth, compared to the reference sample, and 
sample ISLBSS080505 had significantly reduced growth compared to the control. In contrast, 
soil invertebrate growth in the duplicate sample to ISLBSS080505 was not significantly 
reduced when compared to both the control and reference (uncertainties associated with 
this duplicate sample are discussed in Section 5.2).  

  

Although reproductive data are reported in Appendix C, apparent effects to earthworm 
reproduction should not be considered when evaluating the overall effect in this bioassay. 
Laboratory measurements of earthworm reproduction can be unreliable due to the life cycle 
E. foetida, which is 6 months to 9 months (ASTM, 2004). Therefore, the worms that are used 
in the tests are assumed to be sexually mature, but in fact may or may not be in reproductive 
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mode at the time of the test. In addition, reproductive output can be directly affected by 
non-chemical confounding factors [e.g., the variability of TOC content in the samples]. For 
these reasons, earthworm reproduction was not included as a measurement endpoint for the 
BERA.  

The problems associated with using the reproduction endpoint are evident in the results for 
this study; the lowest reproduction was observed in sample ISLBSS0010505 (TX01), which 
demonstrated the highest earthworm survival and growth (i.e., less energy expended on 
reproduction would leave more energy to support growth); while the highest reproduction 
was observed in sample ISLBSS0080505 (TX08), which demonstrated the lowest earthworm 
growth (i.e., more energy was likely expended for reproduction, leaving less available to 
support growth).  

Although significant differences from a reference population should also be considered 
when evaluating the level of effect (Suter et al., 1995), this comparison may not be suitable in 
this case because the reference sample outperformed the control sample. Because the level of 
effects in site samples were equivalent to those in the control sample and, thus, are unlikely 
to affect the soil invertebrate community, risks to the soil invertebrate community are not 
presumed to pose unacceptable levels of risk, and no further investigation is required.  

Survival, growth, and reproduction of insectivorous birds – The results of the earthworm 
tissue analyses and exposure calculations for insectivorous terrestrial birds indicate that the 
risks to these receptors from COPCs in surface soils at the site are within ranges presumed 
to be acceptable. HQs based on the LOAEL were less than 1, indicating that population-level 
impacts are likely not occurring and no further investigation is required. 

Survival, growth, and reproduction of omnivorous terrestrial mammals – The results of 
the earthworm tissue analyses and exposure calculations for omnivorous terrestrial 
mammals indicate that the risks to these receptors from COPCs in surface soils at the site are 
within ranges presumed to be acceptable. HQs based on the LOAEL were less than 1, 
indicating that population-level impacts are likely not occurring and no further 
investigation is required. 

5.2 Uncertainties  
Uncertainties are present in all risk assessments because of the limitations of the available 
data and the need to make certain assumptions and extrapolations based on incomplete 
information.  The uncertainties in this BERA are principally attributable to the following 
factors: 

• Selection of COPCs – Acetophenone, carbazole, and dibenzofuran were retained as 
COPCs from the SERA and Step 3A, but had no screening values. During the BERA 
these chemicals were either not detected or infrequently detected. Because available data 
suggest that organic contaminants are not the primary ecological concern at the Lab 
Area, the undetected organics, if present, are expected to pose acceptable levels of risk. 

• Ingestion Screening Values - Data on the toxicity of lead, mercury, and zinc to the 
American robin and white-footed mouse were lacking, requiring the extrapolation of 
data from other wildlife species or from laboratory studies with non-wildlife species.  
This is a typical limitation and typical extrapolation for ERAs because so few wildlife 
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species have been tested directly for most chemicals.  The uncertainties associated with 
toxicity extrapolation were minimized by selecting the most appropriate test species for 
which suitable toxicity data were available.  The factors considered in selecting a test 
species to represent a receptor species included taxonomic relatedness, trophic level, 
foraging method, and similarity of diet. 

A second uncertainty related to the derivation of ingestion screening values for lead and 
zinc relates to the toxicological studies, which used forms of the metals (e.g., salts) that 
had high water solubility and high bioavailability to receptors. For lead and zinc, the 
analytical samples on which site-specific exposure estimates were based involved total 
metal.  Since these highly bioavailable forms are expected to compose only a fraction of 
the total metal concentration, overestimation of potential risks for these chemicals likely 
results. 

• Chemical Mixtures - Information on the ecotoxicological effects of chemical interactions 
among copper, lead, mercury, zinc, and PAHs is generally lacking, which required (as is 
standard for ERAs) that the chemicals be evaluated on a compound-by-compound basis 
during the comparison to screening value (PAHs were evaluated as a total).  This could 
result in an underestimation (if there are additive or synergistic effects among 
chemicals) or an overestimation of risks (if there are antagonistic effects among 
chemicals).  

• Food Web Exposure Modeling - Chemical concentrations in plants were modeled from 
soil concentrations and were not directly measured.  The use of generic, literature-
derived exposure models and bioaccumulation factors introduces some uncertainty into 
the resulting estimates.  The values and methodology selected and employed were 
intended to provide a reasonable estimate of potential food web exposure 
concentrations. 

Area use factors were assumed to equal one.  This is a conservative assumption because 
a percentage of the robin’s time could be spent foraging offsite in areas where chemical 
concentrations are expected to be significantly lower. 

• Reference Area Suitability - The growth of earthworms in the reference area samples 
exceeded growth in the control sample. Statistical comparisons were conducted between 
Lab Area samples and reference samples as well as between Lab Area samples, reference 
samples, and laboratory controls. The test results indicated that growth in Lab Area soils 
was significantly reduced compared to the reference sample, but not to the control 
sample. Failure to choose appropriate reference sites could result in inaccurate 
conclusions concerning bioassay results that will introduce uncertainty into the overall 
risk conclusions (EPA, 1994).  

• Duplicate Sample Usability – Significant differences in earthworm growth between the 
reference and control samples were observed in sample ISLBSS080505, but not the 
duplicate sample. The differences may be due to several reasons, including inadequate 
homogenization of the collected sample, which limits its usability. Because both samples 
were used in the correlation analyses, the resulting coefficients may be over- or 
underestimated (i.e., a weaker or stronger negative correlation may be present). This 
uncertainty has a negligible impact on the risk conclusions, however, because low-
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magnitude effects on growth (less than 20 percent) were observed in all of the remaining 
sample locations. 

• Level of Statistical Significance Used to Interpret Bioassay Results - It is desirable for 
both alpha and beta to be as small as possible to minimize the chance of making a Type I 
(rejecting the tested hypothesis when it is true) or Type II error (accepting the tested 
hypothesis when it is false), respectively, when evaluating bioassay results; however, to 
reduce beta for a fixed alpha level, the number of replicates used for each sample would 
need to be increased. The number of replicates is specified in the protocol for this 
bioassay and one would assume that the design has been optimized to balance the 
chance of making a Type II error versus increasing analysis costs unnecessarily. It is 
likely that the beta value is higher than the alpha value in this analysis; however, this 
ensures if an error is made in evaluating the tested hypothesis, it is more likely that the 
error will be more protective of the environment, rather than less protective (i.e., a 
conclusion of a significant difference will be found, when in fact there is no statistical 
difference). This adds some uncertainty to the conclusions regarding the bioassay 
results, but ultimately the uncertainty should minimize the chance of incorrectly 
concluding that the response of organisms in the site samples are equivalent to those of 
the reference or control samples (i.e., making a Type I error). 

• Toxicity Test Results - There is uncertainty associated with the growth endpoint results 
for the toxicity test. Multiple factors can affect the growth of earthworms independent of 
chemical concentrations in the soil. For example, the amount of total organic matter 
(typically indicated by TOC) in the soil samples can have a direct effect on growth 
because the earthworms feed directly on the organic matter. Therefore, it would be 
expected that earthworms placed in soil with less TOC might display less growth that 
those placed in soil with higher levels of TOC. The results of this study, however, do not 
necessarily support this point: sample ISLB010505 (TX01) had the highest growth rate in 
soil with 1.10 percent TOC, while several other samples with lower earthworm growth 
rates contained at least twice as much TOC (2 percent to 3 percent). It should be noted 
that 6 of the 10 samples contained approximately 1 percent or less TOC and the 
reference sample contained 2.82 percent TOC. This might explain why earthworms in 
many of the site samples displayed less growth than the earthworms in the reference 
sample. 

In addition, reproductive output can directly affect earthworm growth by shifting 
energy use to reproduction, reducing the energy stores available for growth. This effect 
may be more pronounced in soils with limited TOC content, such as those found at the 
Lab Area. For this reason, earthworm reproduction was not included as a measurement 
endpoint for the BERA. The problems associated with using the reproduction endpoint 
are evident in the results for this study, in which the lowest reproduction was observed 
in sample ISLBSS010505 (TX01), which demonstrated the highest earthworm survival 
and growth (i.e., less energy expended on reproduction would leave more energy to 
support growth); while the highest reproduction was observed in sample ISLBSS080505 
(TX08), which demonstrated the lowest earthworm growth (i.e., more energy was likely 
expended for reproduction, leaving less available to support growth). Therefore, there is 
additional uncertainty surrounding the finding of significantly less growth in several of 
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the site samples relative to the growth of earthworms in the reference sample. This 
uncertainty should be considered when weighing the growth endpoint results.  

5.3 Conclusion 
The results of the BERA indicate that the COPCs identified in the RI Report for the Lab Area 
do not pose unacceptable risks; thus, further investigation is not required. Significant effects 
on soil invertebrate survivorship were not observed. Although significant decreases in 
growth were observed in soil invertebrates, that phenomenon may have been related to 
methylmercury concentrations in Lab Area surface soils and the level of effect (less than 
20 percent) is unlikely to adversely affect the soil invertebrate community. The results of the 
earthworm tissue analyses and exposure calculations for insectivorous terrestrial birds and 
omnivorous terrestrial mammals indicate that the risks to these receptors from COPCs in 
surface soils at the site are within ranges presumed to be acceptable.
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Figure 5-1
Scatter Plot of Average Earthworm Growth versus Soil Total Mercury

BERA Report
NSF-IH, Indian Head, Maryland
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Figure 5-2
Scatter Plot of Average Earthworm Growth versus Soil Methylmercury

BERA Report
NSF-IH, Indian Head, Maryland
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Appendix B 
Lab Area Chemistry Results: Soil and Tissue 

 

 



Table B-1
Surface Soil Results

BERA Report for Lab Area
NSF-IH, Indian Head, Maryland

Sample Date

Semivolatile Organic Compounds (μg/kg)
1-METHYLNAPHTHALENE 10 U 5.1 J 9.4 U 15 11 U 10 U 10 U 11 U 11 U 5.9 J 5.6 J 12 U
ACENAPHTHENE 10 U 8.6 J 9.4 U 21 18 10 U 7.9 J 11 U 11 U 6.2 J 17 12
ACENAPHTHYLENE 6.3 B 100 4.9 B 110 25 48 56 11 U 11 U 24 92 27
ACETOPHENONE 400 U 400 U 380 U 400 U 420 U 400 U 530 450 410 J 390 U 430 U 460 U
ANTHRACENE 13 70 11 72 110 38 58 5.4 J 4.8 J 27 75 29
BENZO(A)ANTHRACENE 55 220 86 130 790 140 120 6.9 J 8.2 J 71 250 63
BENZO(A)PYRENE 61 260 82 210 510 220 120 7 J 8.1 J 75 290 66
BENZO(B)FLUORANTHENE 82 450 110 130 880 J 390 J 190 18 J 15 81 350 57
BENZO(G,H,I)PERYLENE 43 140 51 140 300 140 97 8.5 J 8.7 J 58 210 46
BENZO(K)FLUORANTHENE 57 460 89 130 900 J 140 150 18 J 9 J 63 260 84
CARBAZOLE 400 U 400 U 380 U 400 U 420 U 400 U 410 U 420 U 430 U 390 U 430 U 460 U
CHRYSENE 71 260 110 160 910 250 160 11 13 85 340 76
DIBENZO(A,H)ANTHRACENE 16 B 57 21 41 110 75 38 4.6 J 11 U 21 71 17
DIBENZOFURAN 400 U 400 U 380 U 400 U 420 U 400 U 410 U 420 U 430 U 390 U 430 U 460 U
FLUORANTHENE 120 430 200 230 1,400 350 290 11 15 140 530 150
FLUORENE 10 U 13 9.4 U 24 21 6.2 J 9.7 J 11 U 11 U 6.4 J 12 10 J
INDENO(1,2,3-CD)PYRENE 38 120 48 98 270 110 82 7 J 7.4 J 46 150 41
NAPHTHALENE 10 U 9 J 9.4 U 48 11 U 10 U 10 J 11 U 11 U 9.8 U 8.8 J 12 U
PHENANTHRENE 46 140 49 150 600 99 120 7.5 J 8.2 J 71 230 88
PYRENE 100 390 210 300 1,700 320 280 9.6 J 13 140 540 140

Total Metals (mg/kg)
COPPER 12 J 15.2 J 18.2 J 10.7 J 11 J 15.7 J 127 J 30.2 J 35 J 7.6 J 67.9 J 10.1 J
LEAD 56.9 37.5 39.3 81.1 111 101 659 233 393 32.1 850 26.5
MERCURY 0.96 9.5 0.75 3.2 3.6 36.6 127 12.5 22 3.8 59.6 0.19
ZINC 40.8 79.4 46.1 83.1 103 117 586 126 155 40 412 19.3

Methylmercury (ng/g) 0.307 L 2.49 L 0.418 L 1.08 L 0.856 L 1.14 L 1.42 L 1.48 L 0.562 L 1.81 L 0.982 L 0.048 L

Wet Chemistry
Percent SOLIDS 82.2 83.0 89.6 84.5 80.2 79.6 78.9 79.3 81 82.2 76.0 73.3
PH 5.14 6.84 6.05 6.69 7.15 4.95 6.08 5.86 6.15 5.29 5.7 4.35
Total organic carbon 11,000 L 34,300 L 10,400 L 26,500 L 12,200 L 18,800 L 26,900 L 19,300 L 26,700 L 4,700 L 25,000 L 28,200 L

Shading indicates a detected value μg/kg - micrograms per kilogram
B-Similar value in associated blank mg/kg - milligrams per kilogram
J-Estimated value ng/kg - nanograms per gram
L - Reported value may be biased low
U-Not detected

ISLBSS09 ISLBSS10 ISLBSSREF1ISLBSS08ISLBSS05 ISLBSS06 ISLBSS07ISLBSS01 ISLBSS02 ISLBSS03 ISLBSS04
ISLBSS080505-Dup

5/24/05
ISLBSS010505 ISLBSS020505 ISLBSS030505 ISLBSS040505

5/23/05 5/24/05 5/23/05 5/23/05
ISLBSS050505 ISLBSS060505 ISLBSS070505 ISLBSS080505 ISLBSS090505 ISLBSS100505 ISLBSSREF1

5/24/05 5/24/05 5/23/05 5/24/05 5/24/05 5/23/05 5/24/05
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Table B-2
Earthworm Tissue Results
BERA Report for Lab Area

NDWIH, Indian Head, Maryland

Sample Date
Chemical Name

Total Metals (mg/kg)
COPPER 3.2 J 5.9 J 5 J 2.8 B 3.2 J 3.5 J
LEAD 6.8 J 8.8 J 3.6 J 9.6 J 14.4 J 12.2 J
MERCURY 0.11 J 0.83 J 0.19 J 0.58 J 0.27 J 7.6 J
ZINC 22 J 28 J 18.5 J 25.3 J 30.8 J 28.8 J

Methylmercury (ng/g) 1.8 J 90 J 4.3 J 11 J 26.8 J 30.2 J

Wet Chemistry 
Percent LIPIDS 0.11 0.1 0.07 0.16 0.17 0.17

Sample Date
Chemical Name

Total Metals (mg/kg)
COPPER 13.3 J 4.9 J 5.4 J 3.1 J 10 J 2.9 B
LEAD 62.9 J 30.5 J 31.8 J 5 J 133 J 9.2 J
MERCURY 130 J 2.1 J 1.7 J 0.96 J 12.3 J 0.037 UJ
ZINC 63.1 J 28 J 32.9 J 22.9 J 68.6 J 18.1 J

Methylmercury (ng/g) 11 J 9 J 8.1 J 19 J 16.8 J 1.2 UJ

Wet Chemistry 
Percent LIPIDS 0.35 0.16 0.18 0.21 0.21 0.22

Shading indicates a detected value μg/kg - micrograms per kilogram
NA-Not analyzed ng/kg - nanograms per gram
B-Similar value in associated blank
J-Estimated value
UJ-Not detected, estimated reporting limit

ISLBTX01 ISLBTX02 ISLBTX03
6/30/05

ISLBTX04 ISLBTX05 ISLBTX06

ISLBTX07 ISLBTX08 ISLBTX09 ISLBTX10 ISLBTXREF1

6/30/05 6/30/05 6/30/05 6/30/05 6/30/05

6/30/05 6/30/05 6/30/05 6/30/05 6/30/05
ISLBTX08-Dup

6/30/05

Page 1 of 1



 

Appendix C 
Soil Toxicity Testing Report 

 

 



Page 1 of 12

 

TOXICOLOGICAL EVALUATION
OF SOIL SAMPLES

Eisenia fetida Survival, Growth and Reproduction
 Soil Toxicity Tests

Indian Head CTO-043 Ecological Risk Assessment

Prepared For

CH2M Hill, Incorporated
13921 Park Center Road
Herndon, Virginia 20171

By

EnviroSystems, Incorporated
1 Lafayette Road

Hampton, New Hampshire  03842

June 2005
Reference Number 13341-05-06



CH2M Hill. Indian Head CTO-043. E. fetida Soil Evaluation. June 2005
Study Number 13341. Page 2 of 12

TABLE OF CONTENTS

1.0 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2.0 MATERIAL AND METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2.1 General Methods, Biological Evaluations . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.2 Test Samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.3 Test Species . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.4 Eisenia fetida 28 Day Survival and Growth Assay . . . . . . . . . . . . . . . . . . . . 4
2.5 Statistical Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.6 Quality Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.7 Protocol Deviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

3.0 RESULTS AND DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

3.1 Eisenia fetida 28 Day Survival, Reproduction and Growth Assay . . . . . . . . 5
3.2 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

4.0 REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

LIST OF TABLES

Table 1. Summary of Sample Collection Information. . . . . . . . . . . . . . . . . . . . . . . .        7
Table 2. Summary of Soil Physical Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . 7
Table 3. Summary of Day 28 Survival Data and Statistical Analysis Results . . . . . . 8
Table 4. Summary of Day 28 Reproduction Data and Statistical Analysis Results . 9
Table 5. Summary of Day 28 Growth Data and Statistical Analysis Results . . . . . . 10
Table 6. Summary of Reference Toxicant Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

 
APPENDIX A: RAW DATA & SUPPORT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12



CH2M Hill. Indian Head CTO-043. E. fetida Soil Evaluation. June 2005
Study Number 13341. Page 3 of 12

TOXICOLOGICAL EVALUATION
OF SOIL SAMPLES

JUNE 2005

Indian Head CTO-043 Ecological Risk Assessment
E. fetida 28 Day Soil Evaluation

1.0 INTRODUCTION

Toxicity tests expose groups of organisms to environmental samples and laboratory controls
for a specified period to assess potential impacts. Endpoints evaluated as part of the assays may
include survival, growth, and/or reproduction. Analysis of variance techniques are used to
determine if differences in a measured endpoint for organisms exposed to a test sample are
significantly different from responses obtained from organisms exposed to field reference site or
laboratory control materials.

This report presents the results of chronic toxicity tests conducted on twelve soil samples
collected from Indian Head, CTO-043 project site.  The soil samples were provided by CH2M Hill
staff from the Herndon, Virginia office. Testing was based on programs and protocols developed
by the ASTM (2001) and US EPA (1989). The toxicity of the samples was assessed by conducting
28 day exposure assays with the earthworm, Eisenia fetida. Assays were performed at
EnviroSystems, Incorporated (ESI), Hampton, New Hampshire.

2.0 MATERIALS AND METHODS

2.1 General Methods, Biological Evaluations

Toxicological and analytical protocols used in this program follow procedures outlined in
Standard Methods for the Examination of Water and Wastewater, 20th Edition (APHA 1998),
Standard Guide For Conductiong Laboratory Soil Toxicity or Bioaccumulation Tests With the
Lumbricid Earthworm Eisenia Fetida, Aquatic Toxicology and Risk Assessment: Volume 11.05
(ASTM 2004), and Protocol for Short Term Toxicity Screening of Hazardous Waste Sites (EPA
1989). These protocols provide standard approaches for physical and chemical analysis and for
the evaluation of toxicological effects of soils on terrestrial organisms.

2.2 Test Samples

Twelve soil samples collected from Indian Head CTO-043 for E. fetida testing were received
at ESI on May 25, 2005.  One of these samples, ISLBTXREF1 (ESI -012) was identified by CH2M
Hill staff as a reference sample. Upon arrival at the laboratory, the samples were given an internal
sample reference number and logged into the project sample control system.  Prior to testing,
samples were placed in a secure refrigerator and stored  at a temperature of 2-4°C until test
initiation. Sample identification, collection and receipt information is summarized in Table 1.
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2.3 Test Species

E. fetida  were obtained from EnviroSystems’ in-house cultures. Original cultures were
obtained from Smith’s Worm Supply, Boston, Georgia. Earthworms were cultured in an organic
compost composed of peat moss and fine sand.  Temperatures within the culture were maintained
at approximately 20°C.  Worms used in the assays were adults with a well-developed clitellum.
Mean wet weights of worms at the start of the assay were 0.567 grams per individual.

2.4 Eisenia fetida 28 Day Survival and Growth Assay

The assays were carried out following protocol provided by ASTM (2004).  The 28 day
earthworm assay  was conducted in static exposure mode. Endpoints for the assay were survival,
growth, expressed as mean wet weight per surviving worm, and reproduction, expressed as mean
cocoon production / replicate. 

Samples were sieved through a 12-mm stainless steel screen to remove large stones, sticks,
roots, and man-made material. Prior to testing, moisture content, total organic content and pH were
determined for each sample. Target moisture content for the samples was 30 to 35%.  If necessary,
samples were either dried, at room temperature, or hydrated, using deionized water to achieve the
target moisture content.  As received soil moisture content and pH are summarized in Table 2.  Soil
pH was within acceptable limits no pH adjustments were made prior to testing.

Soil used as a laboratory control in the earthworm assay was an artificial soil prepared
according to protocol developed by the EPA (1989).  The soil consisted of 10% sphagnum peat
moss, 20% kaolinite clay and 70% fine silica sand (200 mesh) by dry weight.  The peat moss was
blended and screened prior to use to break-up clods and remove any large sticks and twigs. The
moisture content of the control soil was adjusted to approximately 35% using deionized water.  The
pH of the control soil was checked to insure values were within the range of 7.0±0.5 SU (ASTM
2004). 

The assay utilized 4 replicates with 10 worms per replicate.  Approximately 700 g of soil was
added to each 500 mL glass jar. The jars were covered with laboratory film with a small hole in the
top to allow ventilation. Containers were placed in an incubator at 20 ±2°C. Lighting was set at 24
hours illumination. Light intensity was approximately 50 foot candles. During the exposure period,
incubator temperature was checked daily for the duration of the assay. Temperature was also
monitored on a hourly basis using a data logger housed in a surrogate test vessel. The worms were
not fed during the assay. 

After 28 days exposure, chambers were uncovered and the contents removed onto trays.
Living worms were removed from the soil and counted.  Juvenile worms and cocoons recovered
from the soil were enumerated.  Once counted, the worms were rinsed with deionized water to
remove soil particles, blotted dry, and weighed.  Weight data was used for statistical comparison
of growth.   After weight data was recorded the worms from each sample were transferred to glass
vials and stored frozen at approximately -18°C. 
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2.5 Statistical Analysis

Survival, reproduction and growth data were analyzed using CETIS® software to determine
significant differences between the test sediments and the laboratory control and the test sediments
and the reference sites. Data sets were evaluated to determine homogeneity of sample variances
and normality of distribution using Shapiro-Wilk’s Test for Normality and the F-Test for Equality of
Two Variances, respectively. Data sets were subsequently evaluated using the appropriate
parametric or non-parametric Analysis of Variance (ANOVA) statistic. Pair-wise comparisons were
analyzed using appropriate statistics. Statistical difference was evaluated at "=0.05.

2.6 Quality Control

As part of the laboratory quality control program, reference toxicant evaluations are
conducted on a regular basis by ESI for the test species.  These results provide relative health and
response data while allowing for comparison with historic data collected from ESI-conducted
reference toxicity tests.  Results of these tests are presented in Table 6.

2.7 Protocol Deviations

Review of data generated during these assays indicated no areas where methods or results
deviated from standard protocols.

3.0 RESULTS AND DISCUSSION

Table 1 provides sample collection and receipt information. A summary of the physical and
chemical characteristics of the soils is provided in Table 2. Survival, reproduction and growth data
from the E. fetida assay are summarized in Tables 3, 4 and 5.  Table 6 provides historic reference
toxicant data for E. fetida. Support data, including laboratory bench sheets, are included in
Appendix A.

3.1 Eisenia fetida 28 Day Survival, Reproduction and Growth Assay

At the end of the 28 day exposure period, the mean worm survival in the laboratory control
soil was 100%.  Worms recovered from the laboratory control soil had a mean wet weight of 0.415
g/surviving worm. Worms from the laboratory control soil produced an average of 23.8 cocoons per
replicate. The minimum acceptable criteria for survival in the laboratory control is 90%. These data
indicate that the organisms were healthy and not stressed by handling. Survival in  the reference
soil, ISLBTXREF1, was 97.5%. Mean wet weight in the reference soil was 0.482 g/surviving worm.
Worms from the reference soil produced an average of 8.3 cocoons per replicate.

Daily temperature records indicate that values ranged from 19-21°C during the assay, with
a mean value of 19.4 which fall within the acceptable range of 20 ±2°C. Hourly temperature date
collected from the data logger, details  in Appendix A, documented a mean temperature of 19.5°C
with a range of 18.5 to 22.5°C. The mean and range were within the acceptable ranges of 20 ±2°C
and 20 ±3°C, respectively.



CH2M Hill. Indian Head CTO-043. E. fetida Soil Evaluation. June 2005
Study Number 13341. Page 6 of 12

Tables 3, 4 and 5 provide a summary of survival, reproduction and growth data, respectively,
for the laboratory control, reference and project sites. Statistical evaluations are presented against
the laboratory control and project reference site.

3.2 Summary

Review of survival data, as compared against laboratory control and project reference site
showed no statistically significant reductions in survival at any of the sample sites.

Review of reproduction data showed a total of 2 juveniles being produced between all
treatments/replicates. Cocoon production was observed in all samples. Statistical analysis of the
sample site data sets showed significant reductions in cocoon production, as compared to the
laboratory control for all sites with the exception of sites ISLBTX08 and ISLBTX02. When statistical
comparisons were made against the project reference site statistically significant reductions in
cocoon production were observed in soils from sites ISLBTX01, ISLBTX03, ISLBTX07 and
ISLBTX05.

Review of E. fetida growth data, as compared to laboratory control growth, indicates that soil
from project site ISLBTX08 exhibited a significant negative impact on worm growth. When statistical
comparisons were made against the project reference site statistically significant reduction in
growth were observed for worms recovered from all sites with the exception of sites  ISLBTX01 and
ISLBTX11.

4.0 REFERENCES

APHA. 1998.  Standard Methods for the Examination of Water and Wastewater, 20th Edition.

ASTM.  2004. Volume 11.05. Standard Guide for Conducting Laboratory Soil Toxicity or 
Bioaccumulation Tests With the Lumbricid Earthworm Eisenia Fetida. E1676-97 

US EPA. 1989.  Protocol for Short Term Toxicity Screening of Hazardous Waste Sites. 
EPA/600/3-88/029. 
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TABLE 1.  Summary of Sample Collection Information. E. fetida Soil Evaluation. 
Indian Head CTO-043 Ecological Risk Assessment. CH2M Hill. June 2005.

Project Site
ESI
Ref Matrix

Sample Collection Sample Receipt
Date Time Date Time

ISLBTXREF1 012 Soil 05/24/05 1300 05/25/05 1000
ISLBTX01 001 Soil 05/23/05 1445 05/25/05 1000
ISLBTX03 002 Soil 05/23/05 1545 05/25/05 1000
ISLBTX04 003 Soil 05/23/05 1500 05/25/05 1000
ISLBTX07 004 Soil 05/23/05 1515 05/25/05 1000
ISLBTX10 005 Soil 05/23/05 1530 05/25/05 1000
ISLBTX05 006 Soil 05/24/05 0945 05/25/05 1000
ISLBTX08 007 Soil 05/24/05 1015 05/25/05 1000
ISLBTX06 008 Soil 05/24/05 1045 05/25/05 1000
ISLBTX02 009 Soil 05/24/05 1100 05/25/05 1000
ISLBTX11 010 Soil 05/24/05 1030 05/25/05 1000
ISLBTX09 011 Soil 05/24/05 1115 05/25/05 1000

TABLE 2. Summary of Sample Physical Characteristics. E. fetida Soil Evaluation. 
Indian Head CTO-043 Ecological Risk Assessment. CH2M Hill. June 2005.

Project Site
ESI
Ref Matrix

Organic Content
(%)

pH
(SU)

Moisture Content
(%)

ISLBTXREF1 012 Soil 6.3 4.94 28.5
ISLBTX01 001 Soil 3.6 6.02 19.6
ISLBTX03 002 Soil 3.0 5.71 15.8
ISLBTX04 003 Soil 4.2 6.39 17.3
ISLBTX07 004 Soil 7.6 6.36 20.4
ISLBTX10 005 Soil 5.0 6.41 25.5
ISLBTX05 006 Soil 2.5 7.29 19.5
ISLBTX08 007 Soil 5.0 6.92 19.4
ISLBTX06 008 Soil 4.4 6.31 21.3
ISLBTX02 009 Soil 5.6 6.79 18.6
ISLBTX11 010 Soil 5.9 6.89 20.6
ISLBTX09 011 Soil 4.2 6.20 17.7
Lab Control 000 Soil 8.5 NR 29.9

NR - Value not reported.



CH2M Hill. Indian Head CTO-043. E. fetida Soil Evaluation. June 2005
Study Number 13341. Page 8 of 12

TABLE 3. Summary of Day 28 Survival Data and Statistical Analysis Results. 
E. fetida Soil Evaluation.  Indian Head CTO-043 Ecological Risk Assessment.
CH2M Hill. June 2005.

Statistical Comparisons Against Laboratory Control

Project Site ESI Ref
Mean %
Survival Distribution Variance

Statistic Summary Significant
Difference in

SurvivalStatistic
Critical
Value p Value

Lab Control 000 100.0%
ISLBTXREF1 012 97.5% Non-normal Equal 10.0000 0.3429 NO
ISLBTX01 001 100.0% - - - - - NO
ISLBTX03 002 100.0% - - - - - NO
ISLBTX04 003 100.0% - - - - - NO
ISLBTX07 004 100.0% - - - - - NO
ISLBTX10 005 100.0% - - - - - NO
ISLBTX05 006 100.0% - - - - - NO
ISLBTX08 007 100.0% - - - - - NO
ISLBTX06 008 100.0% - - - - - NO
ISLBTX02 009 100.0% - - - - - NO
ISLBTX11 010 97.5% Non-normal Equal 10.0000 0.3429 NO
ISLBTX09 011 100.0% - - - - - NO

Statistical Comparisons Against Project Reference Site

Project Site ESI Ref
Mean %
Survival Distribution Variance

Statistic Summary Significant
Difference in

SurvivalStatistic
Critical
Value p Value

ISLBTXREF1 012 97.5%
ISLBTX01 001 100.0% Non-normal Equal 6.0000 0.6571 NO
ISLBTX03 002 100.0% Non-normal Equal 6.0000 0.6571 NO
ISLBTX04 003 100.0% Non-normal Equal 6.0000 0.6571 NO
ISLBTX07 004 100.0% Non-normal Equal 6.0000 0.6571 NO
ISLBTX10 005 100.0% Non-normal Equal 6.0000 0.6571 NO
ISLBTX05 006 100.0% Non-normal Equal 6.0000 0.6571 NO
ISLBTX08 007 100.0% Non-normal Equal 6.0000 0.6571 NO
ISLBTX06 008 100.0% Non-normal Equal 6.0000 0.6571 NO
ISLBTX02 009 100.0% Non-normal Equal 6.0000 0.6571 NO
ISLBTX11 010 97.5% - - - - - NO
ISLBTX09 011 100.0% Non-normal Equal 6.0000 0.6571 NO
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TABLE 4. Summary of Day 28 Reproduction Data and Statistical Analysis Results. 
E. fetida Soil Evaluation.  Indian Head CTO-043 Ecological Risk Assessment.
CH2M Hill. June 2005.

Statistical Comparisons Against Laboratory Control

Project Site ESI Ref

Mean #
Cocoons /
replicate Distribution Variance

Statistic Summary Significant
Difference in

SurvivalStatistic
Critical
Value p Value

Lab Control 000 23.8
ISLBTXREF1 012 8.3 Normal Equal 5.4378 1.9432 0.0008 YES
ISLBTX01 001 0.8 Normal Equal 11.3244 1.9432 0.0000 YES
ISLBTX03 002 2.8 Normal Equal 9.5935 1.9432 0.0000 YES
ISLBTX04 003 9.5 Normal Equal 5.6717 1.9432 0.0006 YES
ISLBTX07 004 2.0 Normal Equal 10.0015 1.9432 0.0000 YES
ISLBTX10 005 7.8 Normal Equal 7.0676 1.9432 0.0002 YES
ISLBTX05 006 2.3 Normal Equal 9.6554 1.9432 0.0000 YES
ISLBTX08 007 22.5 Normal Equal 0.3587 1.9432 0.3661 NO
ISLBTX06 008 12.0 Normal Equal 5.8296 1.9432 0.0006 YES
ISLBTX02 009 20.0 Normal Equal 1.5667 1.9432 0.0841 NO
ISLBTX11 010 16.0 Normal Equal 3.6283 1.9432 0.0055 YES
ISLBTX09 011 9.0 Normal Equal 4.3694 1.9432 0.0024 YES

Statistical Comparisons Against Project Reference Site

Project Site ESI Ref

Mean #
Cocoons /
replicate Distribution Variance

Statistic Summary Significant
Difference in

SurvivalStatistic
Critical
Value p Value

ISLBTXREF1 012 8.3
ISLBTX01 001 0.8 Normal Equal 3.5520 1.9432 0.0060 YES
ISLBTX03 002 2.8 Normal Equal 2.4295 1.9432 0.0256 YES
ISLBTX04 003 9.5 Normal Equal -0.4849 1.9432 0.6775 NO
ISLBTX07 004 2.0 Normal Equal 2.7778 1.9432 0.0160 YES
ISLBTX10 005 7.8 Normal Equal 0.2140 1.9432 0.4188 NO
ISLBTX05 006 2.3 Normal Equal 2.6083 1.9432 0.0201 YES
ISLBTX08 007 22.5 Normal Equal -4.0339 1.9432 0.9966 NO
ISLBTX06 008 12.0 Normal Equal -1.7886 1.9432 0.9381 NO
ISLBTX02 009 20.0 Normal Equal -4.7721 1.9432 0.9985 NO
ISLBTX11 010 16.0 Normal Equal -3.5026 1.9432 0.9936 NO
ISLBTX09 011 9.0 Normal Equal -0.2190 1.9432 0.5830 NO
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TABLE 5. Summary of Day 28 Growth Data and Statistical Analysis Results. 
E. fetida Soil Evaluation.  Indian Head CTO-043 Ecological Risk Assessment.
CH2M Hill. June 2005.

Statistical Comparisons Against Laboratory Control

Project Site ESI Ref

Mean Wet
Weight (g) /
Surviving

Worm Distribution Variance

Statistic Summary Significant
Difference in

SurvivalStatistic
Critical
Value p Value

Lab Control 000 0.415
ISLBTXREF1 012 0.482 Normal Equal -4.9557 1.9432 0.9987 NO
ISLBTX01 001 0.455 Normal Equal -1.4942 1.9432 0.9071 NO
ISLBTX03 002 0.435 Normal Equal -1.3587 1.9432 0.8885 NO
ISLBTX04 003 0.410 Normal Equal 0.2056 1.9432 0.4220 NO
ISLBTX07 004 0.410 Normal Equal 0.2255 1.9432 0.4145 NO
ISLBTX10 005 0.413 Normal Equal 0.0894 1.9432 0.4658 NO
ISLBTX05 006 0.428 Normal Equal -0.6019 1.9432 0.7154 NO
ISLBTX08 007 0.372 Normal Equal 2.7948 1.9432 0.0157 YES
ISLBTX06 008 0.435 Normal Equal -0.9798 1.9432 0.8175 NO
ISLBTX02 009 0.400 Non-normal Equal 12.5000 0.1000 NO
ISLBTX11 010 0.453 Normal Equal -1.7064 1.9432 0.9306 NO
ISLBTX09 011 0.438 Normal Equal -1.3833 1.9432 0.8921 NO

Statistical Comparisons Against Project Reference Site

Project Site ESI Ref

Mean Wet
Weight (g) /
Surviving

Worm Distribution Variance

Statistic Summary Significant
Difference in

SurvivalStatistic
Critical
Value p Value

ISLBTXREF1 012 0.482
ISLBTX01 001 0.455 Normal Equal 1.0858 1.9432 0.1596 NO
ISLBTX03 002 0.435 Normal Equal 4.3621 1.9432 0.0024 YES
ISLBTX04 003 0.410 Normal Equal 3.2474 1.9432 0.0088 YES
ISLBTX07 004 0.410 Normal Equal 3.6392 1.9432 0.0054 YES
ISLBTX10 005 0.413 Normal Equal 2.6623 1.9432 0.0187 YES
ISLBTX05 006 0.428 Normal Equal 2.9952 1.9432 0.0121 YES
ISLBTX08 007 0.372 Normal Equal 9.5841 1.9432 0.0000 YES
ISLBTX06 008 0.435 Normal Equal 2.6416 1.9432 0.0192 YES
ISLBTX02 009 0.400 Normal Equal 5.4733 1.9432 0.0008 YES
ISLBTX11 010 0.453 Normal Equal 1.4783 1.9432 0.0949 NO
ISLBTX09 011 0.438 Normal Equal 3.4733 1.9432 0.0066 YES
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TABLE 6. Summary of Reference Toxicant Data.   
Indian Head CTO-043 Ecological Risk Assessment. CH2M Hill. June 2005.

Results are Expressed as ppm Cadmium

Species Date Endpoint Result
Historic
Mean

Number
of Tests

±1 STD
Deviation

±2 STD
Deviations

E. fetida  06/02/05  LC-50 3162.3 1792.8 20 1362 2724

Note: Reference toxicant testing was conducted at ESI.  The historic mean for E. fetida survival          
represents the mean determined from the ESI-conducted reference toxicant testing database.
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APPENDIX A
RAW DATA AND STATISTICAL SUPPORT

Contents Number of
Pages

E. fetida Daily Temperature and Observations 1

E. fetida 28 Day Recovery Bench Sheets 4

Survival Summary 1

Survival Statistics 2

E. fetida Initial Worm Weight 1

Growth Summary 1

Growth Statistics 26

Reproduction Summary 1

Reproduction Statistics 27

Soil pH 1

Total Organic Content & Percent Moisture Data Sheets 3
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Appendix D 
Food Web Exposure Model and Ingestion 

Screening Value  
 

 



Food Web Exposure Model 
American robin and white-footed mouse exposures (via the food web) to lead, mercury, and 
zinc were determined using uptake and food web models with measured earthworm tissue 
concentrations and estimated concentrations in terrestrial plants. Incidental ingestion of soil 
was not included when calculating the total level of exposure because the earthworms were 
not depurated prior to tissue analyses, and thus the soil in the earthworm gut was assumed 
to represent the bulk of soil ingested. Ingestion of drinking water was also not included 
because this was not a complete exposure pathway evaluated in the BERA.  

Earthworm tissue concentrations were reported in wet weight and were converted to the 
dry weight for the food web exposure model using a moisture content of 84% for 
earthworm tissue (USEPA 1993). Because earthworms were not depurated prior to tissue 
analysis, the conversion to dry weight also included a moisture content of 13% for soil in the 
gut (average of 10 samples plus duplicate) and an assumption that 1/3 of the wet weight of 
an earthworm is comprised of soil in the gut (USEPA 1993). Tissue concentrations of methyl 
mercury were used in the food web models rather than total mercury.  

Tissue concentrations in the above-ground vegetative portion of terrestrial plants were 
estimated by multiplying the average measured surface soil concentration for each metal by 
soil-to-plant BCFs obtained from Bechtel Jacobs (1998). The BCF values were based on root 
uptake from soil and were the geometric mean values of the ratio between dry-weight soil 
and dry-weight plant tissue. Tissue concentrations of mercury were based on total mercury 
concentrations in soil rather than methyl mercury consistent with the derivation of the BCF 
in the Bechtel Jacobs (1998) study. Terrestrial plant BCFs are listed in Table D-1. 

Table D-1 
Soil Bioconcentration Factors for Terrestrial Plants - Step 3 

Soil-Plant BCF (dry weight) 
Chemical Value Reference 

Lead 0.038 Bechtel Jacobs 1998 
Mercury 0.344 Bechtel Jacobs 1998 
Zinc 0.358 Bechtel Jacobs 1998 

 

Dietary intakes for each receptor species were calculated using the following formula 
(modified from USEPA [1993]): 
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where: DIx  = Dietary intake for chemical x (mg chemical/kg body weight/day) 

 FIR = Food ingestion rate (kg/day, dry weight) 
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 FCxi = Concentration of chemical x in food item i (mg/kg, dry weight) 

 PDFi = Proportion of diet composed of food item i (dry weight basis) 

 BW = Body weight (kg, wet weight) 

The exposure assumptions used in the food web model were consistent with BERA 
approach to provide a more realistic exposure evaluation, and included the following: 
 
• All of the dietary items consumed by the receptor are assumed to be obtained from the 

site (i.e., an Area Use Factor of 1 is assumed). 
 
• Chemicals are 100 percent bioavailable. 
 
• Average ingestion rates are used. 
 
• Average body weights are used. For the American robin, the average hatchling body 

weight from USEPA (1993) was used. 
 
The exposure parameters used in the food web model for the American robin and white-
footed mouse are shown in Table D-2. 
 

Table D-2 
Exposure Parameters for the American Robin and White-footed Mouse - Step 3 

Body Weight (kg) 
Food Ingestion Rate 

(kg/day - dry) Dietary Composition (percent) 

Receptor Value Reference Value Reference 
Terr. 

Plants 
Soil 

Invert. Reference 

American 
robin 

0.045 USEPA 1993 0.0022 
Levey and 
Karasov 

1989 
0 100 Martin et al. 1951 

White-
footed mouse 

0.021 
Silva and 

Downing 1995 
0.0005 

Sample and 
Suter 1994 

51.0 49.0 
Martin et al. 1951; 
Sample and Suter 

1994 

  
 

Ingestion Screening Values 
Ingestion screening values for dietary exposures of lead, mercury, and zinc were derived for 
both receptors. Toxicological information from the literature for wildlife species most 
closely related to the receptor species was used, where available, but was also supplemented 
by laboratory studies of non-wildlife species (e.g., rats) where necessary. The ingestion 
screening values are expressed as milligrams of the chemical per kilogram body weight of 
the receptor per day (mg/kg-BW/day). 
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Sub-lethal endpoints were emphasized as assessment endpoints since they are the most 
relevant, ecologically, to maintaining viable populations and because they are generally the 
most studied chronic toxicological endpoints for ecological receptors. Sub-lethal endpoints 
are assumed to influence the probability of survival and/or the success of reproduction. If 
several chronic toxicity studies are available from the literature, the most appropriate study 
was selected for each receptor species based on study design, study methodology, study 
duration, study endpoint, and test species. Lowest Observed Adverse Effect Levels 
(LOAELs) based on growth and reproduction were utilized, where available, as the 
screening values. For lead and birds, a chronic Lowest Observed Adverse Effect Levels 
(LOAEL) was estimated from a NOAEL using an uncertainty factor of 5. Ingestion screening 
values for birds and mammals are shown in Table D-3. 
 
 

Table D-3 
Ingestion Screening Values for the American Robin and White-footed Mouse 

Chemical 
Test 

Organism 

Body 
Weight 

(kg) Duration 
Exposure 

Route Effect/Endpoint 
LOAEL 

(mg/kg/d) Reference 

rat 0.35 3 generations oral in diet reproduction 80.0 Sample et al. 1996 
Lead 

American 
kestrel 

0.13 7 months oral in diet reproduction 19.3 Sample et al. 1996 

rat 0.35 3 generations oral in diet reproduction 0.16 Sample et al. 1996 
Mercury 

red-tailed 
hawk 

1.10 12 weeks oral in diet 
survival/ 

neurological 
1.20 USEPA 1995 

rat 0.35 GD 1-16 oral in diet reproduction 320 Sample et al. 1996 
Zinc 

chicken 1.94 44 weeks oral in diet reproduction 131 Sample et al. 1996 
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