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5.0 CONTAMINANT FATE AND TRANSPORT 

This section addresses the behavior of chemicals in the environment and the properties that 
determine their fate. 

5.1 Fate and Transport Data 

Contaminants detected in environmental media at NSB-NLON include volatile organic 
compounds (VOCs), semi-volatile organic compounds (SVOs), polychlorinated biphenyls (PCBs), 
organochlorine pesticides, total petroleum hydrocarbons, and inorganics. 

The chemical properties for the organic compounds are listed on Table 5-1. These chemical 
properties are molecular weight, water solubility, vapor pressure, Henry’s Law constant (H), the 
organic carbon partition coefficient (IQ, and the octanol/water partition coefficient (K,J. 

Water solubility is the maximum amount of a compound that will dissolve per unit measure 
of water at a given temperature. Solubilities listed on Table 5-l are for temperatures of 20 to 
3OoC. Compounds with higher solubilities will tend to be more mobile in the environment as they 
will be more likely to dissolve in precipitation or infiltration and leach to groundwater or surface 
water. 

The vapor pressure of a compound is the pressure exerted by its vapor phase in equilibrium 
with its liquid or solid phase at a given temperature. Table 5-1 lists vapor pressures for organic 
compounds at temperatures from 20 to 3OoC. Compounds with higher vapor pressures are more 
likely to be volatile and partition to the air. 

The Henry’s Law constant (H) can be thought of as an air/water partition coefficient with 
larger H values indicating a greater tendency to volatilize. It relates the concentration of the 
compound in the gas phase to its concentration in the liquid phase and can be calculated as the 
compound’s vapor pressure over its solubility. The Henry’s Law constant is temperature dependent. 
According to Lyman et al. (1982), compounds with H less than 3 x 10“ atm-m3/mole are less volatile 
than water and can be considered essentially non-volatile. Some of the semi-volatile compounds 
are in this category. For H between lo-’ and l@’ (most of the semi-volatile compounds), the 
compound slowly volatilizes at a rate controlled by molecular diffusion through air. Below an H 
of 2 x lo-‘, the compound partitions to water at a rate controlled by the gas phase. For H between 
10’ and 10e3 atm-m3/mole, both liquid phase and gas phase resistances are important and, although 
slower than for compounds with higher H values, volatilization is an important environmental 
process. For compounds with H greater than 10s3 atm-m3/mole, the resistance of the water film is 
the controlling factor to volatilization. Most of the volatile organic compounds are in this category. 
Soluble compounds in this category will have a high volatility. However, for compounds with low 
solubilities, solution into the liquid phase will control the rate of volatilization. 

The organic carbon partition coefficient (&) is a measure of the tendency of a compound 
to adsorb to the organic matter in soils or sediments. It is the ratio of the amount of chemical 
adsorbed per unit weight of organic carbon in the soil or sediment to its concentration in solution 
at equilibrium (Lyman et al., 1982). If a measured I& value is not available for a particular 
compound, it can be estimated from the compound’s solubility or octanol water partition coefficient. 
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TABLE 5-l 
CHEMICAL PROPERTIES OF COMPOUNDS 

Molecular Aqueous 
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TABLE 5-l (CONTINUED) 
CHEMICAL PROPERTIES OF COMPOUNDS 

Molecular Aqueous Vapor Henry’s Law 
Weight, Solubility, Pressure, Constant, Koc, Log 

Kow Ref. 

4Methylphenol 
Phenol 
Ben&c Acid 

108.2 
108.1 

94 
122.4 

9.60E+Ol 2.81 a 
2.40E+02 2.70 a 

3.08E+O4 3.10E-01 1.60Ea6 6.62E+Ol 1.95 b,c 
2.26E+O4 1.30Eal 9.6OE-07 6.48E+Ol 1.94 b,c 
9.3OE+O4 3.41E-01 4.54E-07 1.42E+Ol 1.46 I 
2.70E+03 4. SOE-03 7.OOE+8 5.578+01 1.87 b.c 

4-cblofoaIliline 127.6 
Dibenzdmm 168.2 
2-Nitroaniline 138.1 

3.9OE+03 2.50Eal 1.07E-05 5.11E+Ol 1.83 b,c 
l.OOE+Ol 4.40EXl3 7.15E+03 4.12 e,c 
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TABLE 5-l (CONTINUED) 
CHEMICAL PROPERTIES OF COMPOUNDS 

Molecular Aqueous VapOr Henry’s Law 
Weight, Solubility, Pressure, Constant, Koc, Log 

Aluminum 
Antimony 

Beryllium 
Boron 
cadmium 
copper 

27 
121.7 
74.9 

9 
10.8 
112.4 
63.54 

I 55.8 I 1 ---- 
207.2 
54.9 

( 200.6 1 
I 58.7 I - -_ 

79 
65.4 

n 
a 
a 

a 
a 
a 
a 
a 
a 
P 
a 
a 

Key to references: 
a) Superfund Public Health Evaluation Model (1986) 
b) Howard (1989) 
c)Estimated I& from Lyman et al. (1982) 
d) ATSDR (1988) 
e) TOXNET Database 
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The octanol water partition coefficient, Q, is a measure of how an organic compound will 
partition between an organic phase (octanol) and water. It is dimensionless and is usually reported 
as Log &. It can be used to assess how a compound will partition to organic environmental media 
such as organic soils or sediments or into biota. Higher values of K, indicate that a compound is 
more likely to partition to an organic phase, such as soils or sediment that contain organic carbon. 

Physical, chemical, and microbial processes governing the environmental fate of 
contaminants include volatilization, biodegradation, photolysis, hydrolysis, oxidation, and adsorption 
to soils, sediments, or suspended particulate matter. 

Volatilization is the transfer of a compound from the solid or liquid phase into the vapor 
phase. It is controlled by the compound’s solubility, molecular weight, and vapor pressure, and by 
physical properties of the air-water interface (Lyman et al., 1982). In general, the less soluble 
compounds with lower molecular weights and higher vapor pressures are more volatile. For 
volatilization from water, properties of the waterbody that control the rate of volatilization are. 
depth, flow rate, waves, sediment content, and atmospheric conditions such as wind speed. 
Volatilization from soil is affected by environmental factors such as humidity and by the soil 
moisture content, organic matter content, porosity, density, and clay content. 

Biodegradation is the environmental process by which organic contaminants are broken 
down by microbial action to simpler compounds, eventually to water and either carbon dioxide or 
methane. It can occur in either an aerobic or anaerobic environment in soil, sediment, surface 
water, and groundwater. Factors influencing biodegradation rates are the chemical characteristics 
of the compound and the concentrations present, the types of microbes present and their previous 
exposure to the contaminant, and environmental parameters. The types of microorganisms present 
and the rate at which they can use organic contaminants as a source of carbon depends on 
environmental factors such as pH, soil moisture content, temperature, salinity, and the presence of 
oxygen. Generally, certain types of microorganisms will be active in a given range of these 
parameters. 

Bioaccumulation is the accumulation and transport of a chemical via the water and through 
the food chain. The potential for bioaccumulation is quantified by bioconcentration factors (BCFs) 
which define the ratio of a pollutant concentration in animal or plant tissue to the concentrations 
of the same chemical in the environmental media of contact (air, water or soil). 

Contaminants are transformed to smaller, less complex compounds via the chemical 
processes of hydrolysis, photolysis, and oxidation. Hydrolysis is due to the reaction of hydrogen 
bonds in water with the compound. In general, hydrolysis is only important in determining the fate 
of organic acids or bases. Photolysis is the transformation of an organic compound caused by 
absorbing energy from sunlight. It can be an important process in the attenuation of organic 
contaminant concentrations in surface water. Some organic compounds may be oxidized by 
exposure to oxidizing agents such as atmospheric oxygen. However, for many of the organic 
compounds detected at NSB-NLON, the oxidation rate is too slow to substantially affect 
contaminant concentrations. 

The adsorption of organic compounds onto soils, sediments, and suspended sediments plays 
an important role in determining the compound’s environmental fate. The degree to which a 
compound will adsorb onto soils or sediments depends on its chemical properties and physical and 
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chemical properties of the soils or sediments. The organic carbon partition coefficient (&) or 
octanol/water partition coefficient (I&J is a measure of how a particular compound will adsorb to 
soil. Higher coefficients indicate a greater tendency for the compound to adsorb to organic matter 
in soil. Soil characteristics influencing adsorption are organic carbon content, clay content, cation 
exchange capacity, pH, and particle size. In general, the soil characteristic that most influences the 
adsorption of organic compounds to soils is its organic carbon content. Compounds with higher 
K, or K, values have a higher tendency to partition to other organic media such as organic soils. 

5.1.1 Volatile Organic Compounds 

The types of volatile organic compounds (VOCs) detected in samples of environmental 
media from NSB-NLON include aromatics, chlorinated aliphatics, ketones, and one sulfur 
compound, carbon disulfide. In general, because these compounds are partially soluble in water 
and have a relatively high vapor pressure, they are mobile in the environment and tend to partition 
between water and the atmosphere. Most VOCs can undergo biodegradation or biotransformation 
in soil or water under certain conditions. 

5.1.1.1 Nonchlorinated Aromatic Volatile Organic Compounds 

The nonchlorinated aromatic VOCs detected include benzene, toluene, ethylbenzene, and 
xylenes. These compounds are commonly used as solvents and are found in gasoline and other light 
fraction petroleum distillate products. Benzene is the basic molecule in this series and the other 
members of this class have methyl or ethyl groups substituted on the benzene ring. These 
compounds will have a similar environmental fate as they have similar solubilities, vapor pressures, 
and K, values. 

5.1.1.2 Chlorinated Volatile Organic Compounds 

The chlorinated VOCs detected at NSB-NLON include chloromethanes, chloroethanes, and 
chloroethenes. These compounds are commonly used as solvents and degreasers. Soil bacteria are 
capable of biotransforming the larger, more complex compounds in this group such as l,l,l- 
trichloroethane and trichloroethene to smaller and/or less chlorinated compounds. These 
transformation pathways are shown in Figure S-l. The presence of some of these compounds in 
environmental media at the site may be due to microbial degradation of parent compounds rather 
than a loss or spill of the compound itself. 

The chloromethanes detected (chloromethane and methylene chloride) are the smaller 
molecules of this class. Chloromethane and methylene chloride are more water soluble than the 
other compounds in this class and hence are more mobile in the environment. The solubilities and 
vapor pressures, and hence the Henry’s Law constant of the chloroethanes and chloroethenes are 
similar. However, their K, values tend to increase with increasing chlorination indicating that the 
more chlorinated compounds of this class will tend to partition to organic soil or sediment. 

5.1.1.3 Other Volatile Organic Compounds 

The ketones detected include acetone, 2-butanone, and 4-methyl-2-butanone. Ketones are 
also commonly used as solvents. These compounds tend to be more soluble and have lower Henry’s 
Law constants than the other VOCs. They are, therefore, more likely to remain in solution and 

-. 

, 
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- 
less likely to volatilize. They also tend to have lower K, values than the other VOCs indicating 
that they are less likely to partition to organic media. 

The only sulfur-containing VOC detected was carbon disulfide. Carbon disulfide is a 
naturally occurring product of anaerobic biodegradation (Howard, 1990). It is also a waste by- 
product of viscose rayon and cellulose manufacturing and is used as a grain fumigant. Its chemical 
properties indicate that its behavior in the environment will be similar to the chlorinated VOCs. 

5.1.2 Semi-Volatile Organic Compounds 

The semi-volatile organic compounds detected include polynuclear aromatic hydrocarbons 
(PAHs), two phthalate esters, five phenolic compounds, two aniline derivatives, benzoic acid, 
dibenzofuran, and N-nitrosodiphenylamine. As their name implies, the compounds in this class are 
less volatile and less likely to migrate or volatilize than the VOCs. 

- 

5.1.2.1 Polvnuclear Aromatic Hvdrocarbons 

Polynuclear aromatic hydrocarbons (PAHs) are composed of multiple aromatic or benzene- 
like rings. Naphthalene, the smallest molecule of the PAHs, is composed of two rings. PAHs 
detected at NSB-NLON range in size from naphthalene (molecular weight of 128 g/mole) to 6 ring 
structures such as benzo(g,h,i)perylene (molecular weight of 276 g/mole). 

- 

- 
Sources of PAHs are petroleum and coal and formation during the combustion of organic 

matter. The widespread burning of fossil fuels has resulted in aerial deposition of PAHs to surface 
soils and sediments. 

The smaller PAHs (molecular weights less than 200 g/mole) such as naphthalene are slightly 
soluble, have Henry’s Law constants in the range of lo” to lo-’ and hence are relativeiy mobile in 
the environment. They will tend to volatilize from soil, sediment, or water. The larger PAHs have 
lower solubilities, low Henry’s Law constants, and large K, values. They will not volatilize to a 
great extent and will remain adsorbed to soils or sediments. Photolysis, chemical oxidation, and 
biodegradation are important degradative processes controlling the fate of PAHs in the aquatic 
environment (Neff, 1979). 

.-. 

5.1.2.2 Other Semi-Volatile Organic Compounds - 

Phthalate esters are dispersed throughout the environment due to their common use as 
plasticizers. Di-n-butylphthalate and bis(2-ethylhexyl)phthalate were detected in environmental 
media at NSB-NLON. Phthalate esters have relatively low Henry’s Law constants (lo-’ to lo-’ atm- 
m3/mole) and high K, values indicating that, although they may volatilize, it is at a slow rate and 
they will tend to partition to organic soils and sediments. Phthalate esters will undergo 
biodegradation in soil and sediment. Photolysis and oxidation do not appear to be important 
processes in governing the fate of these compounds (Clement Associates, 198.5). 

- 

- 

- 

- 

Phenolic compounds detected onsite include phenol, 2-methyphenol, 4-methylphenol, 2,4- 
dimethylphenol, and 4,6-dinitro-2-methylphenol. Phenol, the parent compound of this class, consists 
of a hydroxyl group attached to a benzene ring. These compounds are weak acids due to the 
hydroxyl group and they dissociate slightly in water. This characteristic also makes them more 
soluble in water than most of the other classes of compounds discussed in this section (solubilities 
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of 290 to 93,000 mg/l). Based on their Henry’s Law constants, phenols volatilize in the environment 
at a slow rate. Their K, and K, values indicate a moderate ability to adsorb to soil, similar to that 
of VOCs. The process governing the environmental fate of phenols is biodegradation; they are 
biodegraded rapidly in both soil and water. Photolysis of phenols also occurs rapidly in the 
environment, but biodegradation has a greater effect on their fate since it can occur in the 
subsurface as well as in environmental media exposed to sunlight. 

Benzoic acid can be naturally occurring; it has several uses in industry, including as a food 
preservative. The acid dissociation constant (pKJ for benzoic acid is 4.205 and, therefore, it will 
be found in the dissociated form at typical environmental pH values. Benzoic acid is relatively 
soluble in water but has a low Henry’s Law constant indicating that it will tend to remain dissolved 
rather than to volatilize. It is readily biodegraded in soil and water (Howard, 1990). 

The aniline compounds are composed of an amine group attached to a benzene ring. The 
amine group causes them to be weak bases and to be more soluble in water than similar organic 
compounds. The compounds 4-chloroaniline and 2-nitroaniline were detected in environmental 
media at NSB-NLON. Volatilization is an important process governing the environmental fate of 
these compounds; a half-life of 6.4 hours in the water column has been measured for 4- 
chloroaniline (Howard, 1989). The aniline compounds biodegrade rapidly in soil and water. In 
surface water and soils, photolysis also occurs rapidly. 

There is little available literature on the behavior of dibenzofuran in the environment. The 
structure of dibenzofuran is similar to a three ring PAH molecule with oxygen substituted for a 
carbon atom. Its chemical properties are also similar to those of the smaller PAH compounds. It 
is moderately soluble in water (solubility of 10 mg/l) and its Henry’s Law constant (9.8 x 10” atm- 
m3/mole) indicates that volatilization will be an important process in determining its environmental 
fate. It also has a relatively high I& value and is likely to adsorb to soils and sediments. 

The use of N-nitrosodiphenylamine has been discontinued in the United States. It was 
formerly used as a retarder in the manufacture of rubber to prevent premature vulcanization. 
N-nitrosodiphenylamine will volatilize from water at a slow rate (H = 5 x 10” atm-m3/mole). 
Reported organic carbon partition coefficients (&) for this compound are in the range of 830 to 
1830, indicating a tendency to adsorb to organic soils and sediments (ATSDR,1988). The main 
process affecting the fate of N-nitrosodiphenylamine in the environment is biodegradation, although 
photolysis is also likely to be a significant process in surface water and surficial soils. 

5.13 Pesticides/PCBs 

The organochlorine pesticides beta-BHC, endrin, endrin ketone, methoxychlor, and DDT 
and its breakdown products DDD and DDE were detected in environmental media at NSB-NLON. 

Beta-BHC is an isomer of hexachlorocyclohexane produced during the manufacture of 
gamma-BHC or lindane. Of the organochlorine pesticides detected, it is the most mobile in the 
environment based on its higher aqueous solubility and lower K, and I& values. These indicate 
that it tends to remain dissolved and that it adsorbs to soil to a lesser degree than the other 
organochlorine pesticides. It volatilizes slowly from soil and water. Biomagnification of 
hexachlorocyclohexane isomers occurs in the terrestrial food chain. However, they tend not to 
accumulate in fish (ATSDR, 1989). The beta isomer is fairly resistant to biodegradation in soil or 
water. 
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Due to former uses, low levels of DDT and its breakdown products are widespread in the 
environment. They are only slightly soluble in water and have relatively low Henry’s Law constants 
indicating that they are unlikely to be present in the dissolved form in the environment and are 
unlikely to partition to the atmosphere. They have high Log K, values (6.2 to 7) and hence 
adsorb strongly to organic soils and sediments. They are also taken up by biota and 
bioaccumulated. 

Endrin and methoxychlor have similar chemical properties to DDT and hence behave in a 
similar manner in the environment. They tend to adsorb strongly to soils and sediments. Although 
they are taken up by biota, they do not bioaccumulate or biomagnify in the food chain to the degree 
that DDT does. 

Polychlorinated biphenyls (PCBs) detected in environmental media at NSB-NLON include 
Arochlor 1254 and Arochlor 1260. The Arochlor formulations are composed of complex mixtures 
of chlorinated biphenyls. Arochlor 1254 and Arochlor 1260 contain 54% and 60% chlorine, 
respectively. Arochlor 1254 is composed mainly of tetrachloro-, pentachloro-, and 
hexachlorobiphenyls with smaller amounts of the mono-, di-, tri- and heptachloro- congener groups 
while Arochlor 1260 is composed mainly of the pentachloro-, hexachloro-, and hepta- 
chlorobiphenyls with lesser amounts of the other congeners (ATSDR,1989). 

Up until the 197Os, PCBs were used widely as dielectric fluids in electrical capacitors and 
transformers because of their resistance to thermal degradation. Although the manufacture and 
use of PCBs for this purpose was discontinued in the United States in the 197Os, older equipment 
may still contain PCBs. 

PCBs in general have a relatively high Henry’s Law constant and dissolved PCBs will tend 
to partition to the atmosphere. However, since PCBs are only slightly soluble in water, their rate 
of partitioning to the atmosphere is controlled by their low solubility. PCBs are strongly adsorbed 
onto organic soils and sediments. Log K, values for the PCB congeners in Arochlor 1254 and 1260 
range up to 9.35 (Shaw and Connell, 1982). (An average value is in Table 5-l.) PCBs are also 
likely to be taken up by biota and stored in lipids. 

Biodegradation of PCBs in the environment depends on their degree of chlorination. The 
highly chlorinated congeners of Arochlors 1254 and 1260 are fairly resistant to biodegradation. 
Photolysis may be an important process for the environmental degradation of dissolved PCBs. 

5.1.4 Inorganics 

Inorganic contaminants detected in environmental media NSB-NLON include metals and 
cyanide. 

5.1.4.1 Metals 

Unlike most of the other contaminants detected in environmental media at NSB-NLON, 
metals occur naturally in the environment in addition to resulting from anthropogenic sources. 
Section 4.0 discussed the distribution of metals in the environment and assessed whether the metals 
detected at NSB-NLON occur at concentrations in excess of their naturally occurring levels. 

- 

- 

1. 

- 

- 
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The fate and transport of metals in the environment depends on chemical properties of the 
metal as well as chemical and physical characteristics of the environment. The solubility of metals 
and metal salts controls the amount of metal available to ground water or surface water, although 
other physical and chemical processes control the observed concentrations of those metals in water. 
Environmental factors influencing the mobility of metals in the environment include pH, Eh, the 
presence or lack of oxygen, and the presence of anions and complexing agents. 

W-3 
In general, metals are more soluble and more mobile in the environment at lower pH values. 

Higher pH values tend to cause metals to precipitate from solution. 

C 

R 

- 

The oxidation/reduction potential of the aquatic system being assessed (surface water, 
ground water, or interstitial pore water in sediments) determines the equilibrium valence state of 
the metal. The more oxidized form of the metal will be favored under aerobic conditions; the 
reduced form is favored under anaerobic conditions. Many metals, including lead and cadmium, 
are less mobile in anoxic environments because they form nearly insoluble sulfide salts. However, 
some metals such as iron are more soluble in their reduced (Fe II or ferrous) form. When 
dissolved iron moves from a reducing to an oxidizing environment, the iron is oxidized to its ferric 
(Fe III) form and precipitates out of solution forming orange floe generally observed downgradient 
of landfills. 

d 

The presence of dissolved salts and gases (e.g., carbon dioxide and hydrogen sulfide) and 
the system pH determine the mineral form controlling the metal’s solubility. For example, the 
presence of sulfur in the form of sulfide in a reducing environment will cause precipitation with 
many metals cations (e.g., cadmium and lead) to form the metal sulfide. In addition, metals 
solubility can be enhanced in the presence of complexing agents such as humic acids formed from 
organic materials such as rotting leaves. 

Metals have a high affinity to adsorb to soils and sediments. The degree to which metals 
adsorb to soils depends on the environmental factors discussed above and on characteristics of the 
soil or sediment including organic content, cation exchange capacity, clay content, and the presence 
of iron oxides in the soil. 

5.1.4.2 Cvanide 

The behavior of cyanide in the environment depends on the form of cyanide present. 
Factors influencing cyanide include pH, the presence or lack of oxygen, and the presence of iron 
which forms complexes with cyanide. Hydrogen cyanide is a weak acid with a pK, of 9.21. At most 
environmental pH values, hydrogen cyanide is in its associated form (HCN). In this form, cyanide 
is very mobile in the ground water and volatilizes as cyanide gas. However, cyanide forms 
hexacyanoferrate complexes with the ferrous (Fe II) and ferric (Fe III) forms of iron which are 
abundant in soil. Cy am e in these forms is much less toxic than free cyanide. The ‘d 
hexacyanoferrate complexes can bind to ferrous or ferric ions to form ferroferro- or 
ferriferrocyanide compounds that are much less soluble than free cyanide and have a much greater 
tendency to bind to soil or sediment. 

5.2 Contaminant Migration 

This section of the report evaluates potential migration pathways of chemicals in the 
environment. 
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5.2.1 Potential Routes of Migration 

Chemicals will migrate within a specific media, and will also,undergo interphase transport 
between media such as evaporation of chemicals from water to air. Plants and animals can also 
take up chemicals from soils and water which can cause transport of contaminants in the food 
chain. This pathway is of particular concern for chemicals that bio-accumulate as described in the 
previous section. The following sections will discuss potential migration routes for each media. For 
purposes of this section, the media, or primary migration routes, are air, ground water and soils, 
and surface water and sediments. 

- 

5.2.1.1 Air 

Airborne transport of chemicals occurs via two primary routes. These are volatilization and 
adsorption to small soil particles that become airborne as fugitive dust. Volatile chemicals were 
not detected at NSB-NLON in high enough concentrations to have a measurable effect on ambient 
air quality. The only pathways of concern for VOCs is the possible migration to indoor air in 
buildings from contaminated subsurface soils and ground water. Transport of fugitive dusts is a 
concern in areas with contaminated surface soils that have an erodible surface. The rate and extent 
of contaminant migration of airborne materials will be primarily determined by modelling air 
transport. Subsurface migration of volatiles is governed primarily by preferential flow pathways such 
as sand lenses, or gravel bedding for subsurface utilities. Dispersion for VOCs and particle size for 
fugitive dusts are physical parameters that will affect the rate and extent of migration. Airborne 
contaminants from this site will migrate in the direction of wind currents. The prevailing winds are 
southwesterly in the summer and northwesterly in the winter. The average wind speed is around 
ten miles per hour. Transport in any direction is possible at certain times. The chemicals once 
airborne will either degrade, settle on land or the Thames River. As concentrations are low for 
VOCs and other contaminants in surface soils, effects on water quality in the Thames River are 
considered negligible. Fugitive dusts could have measurable impacts on soils within a short distance 
of a contaminated site and could have temporary adverse impacts on ambient air quality. 

In the following sections, airborne contaminant migration will be addressed by identifying 
areas with contaminated surficial soils that are erodible, and sites with VOC subsurface 
contamination that has a potentia1 to migrate to confined spaces. 

5.2.1.2 Ground Water and Soils 

Contaminated soils can release contaminants to both air and ground water. The release to 
air by evaporation or fugitive dust is discussed above. Water percolating through soils will mobilize 
chemicals from soils to infiltrating water by dissolution and desorption. Chemicals are also leached 
from soils below the water table by the same mechanism. Due to the shallow depth to ground 
water and relatively permeable overburden at NSB-NLON, this infiltratingwater will migrate to and 
mix with the ground water. The mobility of a chemical is its rate of transport relative to ground 
water velocity. Contaminants will not migrate faster than ground water. Ground water at the NSB- 
NLON eventually migrates and discharges to the Thames River. In Area A, the ground water may 
first discharge to wetlands areas and small streams that flow to the Thames River. There are no 
wells located hydraulically downgradient of any of the contamination sources. In discharge areas, 
ground water could be close enough to the ground surface whereby direct uptake by biota is 
possible. 

.- 

- 

- 

- 

- 
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In the site specific sections, where possible, estimates are made of ground water flow rate 
and direction, and the specific discharge points of ground water. 

5.2.1.3 Surface Water and Sediments 

Contaminants enter surface water primarily by runoff and ground water infiltration. Runoff 
becomes contaminated by contact with surficial soils and atmospheric chemicals. Runoff and 
ground water can contain dissolved chemicals and contaminated suspended particles. Once 
introduced to the stream, contaminants will migrate with the surface water or be incorporated into 
river sediments by partitioning or sedimentation. The more volatile compounds can also evaporate 
to the air. The sediment bedload will also migrate downstream, although at a much slower rate 
than surface water. Sediments accumulate at dams and other obstructions. Contaminants can also 
enter surface water via air releases, however, this is not considered a significant pathway at this site 
due to the relatively low surface soil contaminant concentrations and limited amount of erodible 
surfaces. The exchange of surface water to ground water is also considered negligible in that the 
small streams tributary to the Thames River are normally recharged by ground water. The Thames 
River during high tide does recharge small areas of ground water up to 200 feet inland, however, 
the Thames River is the ultimate discharge point for contaminants from NSB-NLON. Due to the 
large flow of the Thames River, contaminant concentrations are only potentially a concern in the 
mixing zone within the Thames River adjacent to NSB-NLON and adjacent sediments. 
Contaminants once in the surface water/sediment system are available for uptake by biota. The 
Thames River does support a significant sport fish population. 

The following site specific sections, to the extent possible, will estimate flow rates and 
directions, and discharge points for sediments and surface water. 

5.2.2 Site Swcific Potential Routes of Migration 

Site and chemical specific potential migration routes for each of the investigation sites is 
discussed below. 

5.2.2.1 CBU Drum Storage Area 

Based upon the chemical analyses performed, no significant release was identified at this 
site. As such, an assessment of contaminant migration potential is not necessary. 

5.2.2.2 Rubble Fill at Bunker A 

Documented releases of concern at this site consist of surface soils with moderate levels of 
PAHs, low levels of pesticides, arsenic well above background concentrations, and trace levels of 
vocs. 

& The soils at this site are not covered with asphalt or other impervious materials, and 
are only sparsely vegetated. Therefore, potential migration routes are transport in fugitive dust. 
VOCs are only present in trace concentrations, and are not further considered. 

Ground Water and Soils: The chemicals present in soils will migrate slowly with infiltrating 
precipitation and could enter the ground water. No ground water monitoring wells exist at this 
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location to confirm ground water flow directions, however, ground water flow is likely to the north 
toward Area A. The mobility of arsenic is dependent upon its chemical form, e.g., metal arsenides 
versus arsenic sulfides. Different arsenic compounds have medium to high mobilities. The 
pesticides and PCBs detected have a low mobility. 

Surface Water and Sediments: As this site is not covered, surface runoff from it could 
contain dissolved and suspended contaminants. Surface water flows to the north as overland ilow 
in a small drainage swale and discharges into Area A. Contaminants detected do not readily 
dissolve except for some arsenic compounds, and will be transported primarily on suspended 
particles in runoff. 

5.2.2.3 TorDedo Shops 

Releases have been detected in subsurface soils and ground water at the Torpedo Shops. 
Low concentrations of VOCs and SVOs were detected in soils, along with antimony and silver 
concentrations above background. There was one occurrence each of PCB and DDT in relatively 
low concentrations in soils. SVOs, pesticides and PCBs were not detected in ground water. Several 
VOCs and antimony were detected in ground water. 

Air: Hazardous substances are not known or suspected to exist in surface soils and this area 
has a vegetative or asphalt cover, therefore, transport by fugitive dusts is not considered a potential 
migration route for soils. VOCs at low to moderate concentrations were present in subsurface soils 
and ground water. There are no buildings within the current study area. 

Ground Water and Soils: Contaminants in soil do have the potential to leach to ground 
water at this site. Ground water flow is to the south-southwest. The hydraulic conductivity was 
estimated to be 6.5 feet per day. Ground water discharges either to Area A Downstream and/or 
the Thames River. The only constituents detected in ground water were VOCs and antimony. The 
presence of antimony in ground water is consistent with its presence in soils. The source of the 
VOCs is not apparent. Mobility of the VOCs detected is high. The mobility of antimony is 
dependent upon its chemical form and could be medium to high. 

- 

-. 

- 

- 

Surface Water and Sediments: Surface water flows generally to the south-southeast 
overland and is collected by storm sewers and drainage ditches which flow to the west, eventually 
discharging downstream of Area A and from there into the Thames River. Surface soils are not 
believed to be contaminated and are grass covered, therefore, this is not considered a potential 
migration route. 

-. 

5.2.2.4 Goss Cove Landfill 

Hazardous substances have been detected in site soils and ground water. Soils contain 
moderate to high levels of VOCs, SVOs which are predominantly PAHs, PCBs and pesticides. The 
following inorganics were detected above background levels in soils: arsenic, cadmium, chromium, 
lead, and mercury. 

Ground water contained moderate levels of VOCs, low levels of SVOs, and the following 
inorganics above MCLs: barium, sodium, iron and manganese. 
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& The entire area has a vegetative or asphalt cover, therefore, air transport of fugitive 
dust is not considered a potential pathway for contaminant migration. VOCs and low molecular 
weight SVOs are present in significant concentration and could potentially migrate to subsurface 
confined spaces such as the Nautilus Museum and proposed trenches for installation of new storm 
sewers. Although elevated VOCs have not been detected in soil gas near the museum to date, this 
requires further evaluation. 

Ground Water and Soils: Contaminants are located above and below the ground water 
table. As a result, contaminants will leach from soils by flowing ground water and, to a limited 
degree, infiltrating precipitation. Ground water flow is to the northwest at this site with discharge 
to the adjacent Thames River. 

P- 

A 

Ground water at Goss Cove flows to the northwest at an estimated velocity of 1.7 feet per 
day. The pesticides and PCBs are not partitioning from soils to ground water at detectable 
concentrations due to their low solubility and partition coefficients. VOCs which have higher 
solubilities and, thus high mobility, are detected in ground water. SVOs which have moderate to 
high soil concentrations were only detected at low levels in ground water, and have moderate to low 
migration rates. The metals present above background concentrations in soils were not detected 
in ground water above MCLs. This suggests that the metal compounds present are tightly adsorbed 
to soils and have a low migration potential. The metals with elevated levels in ground water are 
barium, iron and manganese. The iron and manganese appear to be leached from soils due to 
reduced conditions in the fill. There is no apparent reasons for the presence of barium. Sodium 
was also present at elevated levels, however, it is present due to salt water intrusion in this area. 

P- 

R 

Surface Water and Sediments: Surface water at this site primarily migrates as sheet flow 
to the west where it is collected by storm sewers and discharged to the Thames River. Most of the 
site is paved or covered with vegetated loam, which is believed to be clean. As such, migration of 
contaminants by surface water is not considered a potential route for chemical transport. Some 
ground water infiltration to the storm water culvert is possible. 

F+- 5.2.2.5 OBDANE 

Based upon investigations performed, there have been no release of hazardous substances 
at this site. As such, an assessment of potential contaminant migration pathways is not necessary. 

5.2.2.6 Sent Acid Storage and Disposal Area 

Subsurface soils contain elevated levels of lead. L.ow levels of VOCs and PAHs were 
detected, however, not in concentrations of concern. 

Air: The site is covered with pavement, therefore, transport of lead in fugitive dust will only 
be a migration route when this surface layer is disturbed during construction activities. Lead will 
not volatilize in air, therefore, volatilization is not a potential migration route. 

W-. 

Ground Water and Soils: Lead is present in soils and does have the potential to be leached 
to ground water. The pavement in place will minimize but not eliminate infiltration, and some lead 
is likely present below the ground water table. Most lead compounds migrate slowly, adhere tightly 
to soils, and will not partition to ground water in significant concentration. 
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No ground water monitoring wells have been installed in this area. The ground water flow 
direction is inferred to be generally to the west/southwest. 

Surface Water and Sediments: Surface water flow is generally to the west-southwest where 
it is collected by the storm sewer system and eventually discharges to the Thames River at Goss 
Cove. As this site is covered with pavement, transport by surface water is not a significant 
contaminant migration route. Depending on the depth of the storm sewer system, some ground 
water infiltration to the storm sewer is possible. It would be expected that lead will not readily 
dissolve in surface water and would be transported primarily on suspended soil particles it adsorbs 
to. 

5.2.2.7 Former Gasoline Station 

Based upon sampling results, there were no documented releases of hazardous substances 
at the former gasoline station. As such, potential contaminant migration pathways have not been 
defined. 

5.2.2.8 Area AfOBDA 

There are a number of documented releases in Area A soils and sediments. These include 
low levels of VOCs and SVOs in the landfill, wetland and Downstream/OBDA areas. Some areas 
of the wetland contained moderate levels of VOCs and some of the sediments near OBDA 
contained moderate levels of SVOs and VOCs. PCBs were detected at moderate levels in one 
surface soil sample at the landfill, and at low levels in the wetlands. DDTR was detected at low 
levels in the landfill and wetlands and in high concentrations in the Downstream/OBDA area 
sediments. Several inorganics were detected above background concentrations. The specific metals 
are listed below by site. 

Area A Landfill: beryllium, cadmium, lead, mercury, copper, nickel, boron 
Area A Wetland: lead, mercury, cadmium, silver 
Area A Downstream/OBDA: beryllium, cadmium, lead, selenium, zinc, boron 

The only inorganic detected which is not found naturally occurring in soils is cyanide. Low levels 
of cyanide were detected in a drainage channel at the Weapons Center. 

Area A ground water was found to contain low levels of VOCs, one occurrence of PCB in 
the landfill, and cadmium above MCLs. The following other inorganics were measured above 
ARAR or TBC values: iron, manganese, sodium and aluminum. 

Surface water in the Area A Wetlands and Downstream contained low levels of aromatic 
VOCs in one stream segment, one occurrence of DDTR, and the following metals above ALAR 
or TBC values: cadmium, lead, copper, iron and manganese. 

Air: Several portions of this area are uncovered and contain contaminants in surficial soils 
such as PCBs and DDTR that tightly adsorb to soil particles. Fugitive dust containing adsorbed 
contaminants, therefore, will be generated in this area and transported offsite. VOCs are present 
in low concentrations and will not have a measurable impact on ambient air quality, however, there 
is potentially significant exposures in subsurface confined spaces (e.g., utilities). 

-_ 

_- 
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Ground Water and Soils: Contaminants are present above and below the water table, 
therefore, contaminants will be leached from soils by both infiltrating precipitation and flowing 
ground water. In the overburden, the highest ground water elevation is in the middle of the Area 
A Landfill. It appears that ground water in the central/eastern portion of Area A flows north 
toward the Area A wetland, and ground water in the northwestern portion of the Area A Landfill 
flows northwest toward the Area A Downstream and eventually to the Thames River. The velocity 
of ground water flow through soils in the landfill and wetland portions of Area A was estimated to 
be 0.04 feet per day. The ground water flow velocity through the soils in Area A Downstream was 
calculated to be 0.13 feet per day. Ground water discharges to the wetlands, Area A Downstream 
surface waters and the Thames River. 

Ground water flow in the bedrock is generally to the west. Transmissivity values in the 
bedrock range from 4.7 to 250 ft*/day, indicating a high variability of transmissive properties within 
the fractured bedrock. 

VOCs which were detected in soils and sediments in low to moderate concentrations are 
highly mobile and were detected in low concentrations in ground water. The SVOs, PCBs and 
pesticides detected in site soils have low mobilities. There was only one occurrence of PCB in 
ground water. If this result is correct, the presence of PCBs in ground water suggests a 
concentrated source of PCBs in soil near the location where it was observed (2LMW18S). Metals 
are generally immobile and partition strongly to soils except for some metal compounds. Of the 
seven different metals detected above background in soils, only cadmium was detected in ground 
water above MCLs. Cadmium is substantially more soluble in natural waters than many metals, 
therefore, its existence in ground water is not surprising. All other metals are apparently in forms 
that are relatively immobile. Other inorganics were detected in ground waters above ARAR or 
TBC values. These inorganics were not present above background in soils, however, their natural 
concentrations found in soils are high. These include: iron, manganese and sodium. These 
inorganics are more soluble in reduced environments. Therefore, it appears that the landfill and 
wetland have altered the natural environment to cause the leaching of these materials from soils 
into ground water at elevated levels. 

Surface Water and Sediments: There are erodible surfaces that may contain adsorbed 
contaminants in Area A. Surface soils also contain chemicals that could dissolve in runoff. As a 
result, surface water may contain both dissolved and suspended contaminants. 

Surface water from this site originates from runoff within the northern Subase watershed 
area (refer to Figure 3-5), and ground water discharge in Area A Wetlands and Downstream 
surface waters. The primary discharge point from the Area A Wetland is through four 24-inch 
metal culverts through the dike. This discharge forms a small stream which flows west for 
approximately 200 feet and into a small pond. Wetlands sediments accumulate upstream of the 
dike. Under normal flow conditions, this pond discharges to a small stream which flows north and 
then west toward Triton Avenue (past OBDANE site). The stream continues flowing west under 
Triton Avenue and Shark Boulevard and eventually discharges to the Thames River at the DRMO 
outfall. This pond also has a discharge structure on the south side. During periods of high flow 
and high water at the pond, water also flows out through this structure to a stream which flows 
south from the Over Bank Disposal Area site. A second pond to the south of the pond referenced 
above is formed by ground water inflow, and flows to the west around North Lake. 

DRAFT IR STUDY NSB-NLON 5-17 AUGUST 1991 



Ground water also discharges from Area A to a small wetland at the base of the dike and 
the Over Bank Disposal Area site. A stream flows from this wetland west toward North Lake, a 
recreational swimming area for Navy personnel. Under normal flow conditions the stream enters 
a culvert which bypasses the pond and discharges to a stream below the outfall of the pond. This 
stream flows west under Shark Boulevard and through the golf course to the Thames River. There 
is a manhole adjacent to North Lake that connects to another pipe which was designed to discharge 
overflow water from North Lake. The invert elevation of this pipe is several inches higher than the 
main culvert, so that under normal flow conditions no water flows to the pond. Under substantial 
runoff conditions, however, it is possible that some water discharges to the pond from this stream. 
At the time of Atlantic’s site inspection, the pond had been drained, yet some water remained in 
the pond, indicating that it receives ground water recharge. 

A substantial amount of surface water flow at this site is due to ground water discharge. 
As a result, the above discussion of inorganics in ground water also applies to inorganics in surface 
water. In addition, surface waters also contained lead and copper in concentrations above ARAR 
or TBC values. The surface water ARAR standards for these metals are more stringent than the 
MCLs for potable water. Lead and copper were present in ground water. When ground water in 
a reduced condition discharges to surface water, it is oxidized. This change in chemical 
environment can cause metal compounds to oxidize to a less soluble form. Iron is less soluble in 
the oxidized state. This phenomena explains the orange precipitates forming at the base of OBDA. 

- 

- 

- 

The majority of VOCs discharged to surface water will volatilize to air and a smaller 
percentage will adsorb to sediments. VOCs were only detected at low concentrations in one small 
segment of one of the small streams downstream of Area A. 

- 
DDTR was measured in high concentration in sediments and only once in measurable 

concentrations in surface water. This is as expected based upon DDTR’s chemical properties. 
DDTR is highly persistent and strongly adsorbs to soils and organic matter. Sorption appears to 
be the dominant environmental process affecting the fate of DDTR. Water solubilities indicate that 
transport in ground water or surface water of dissolved DDTR is not likely. Transport of DDTR 
on particles that it is strongly adsorbed to is a significant migration route for contaminated 
sediments in Area A Downstream. The sediment sample results indicate that DDTR contaminated 
sediments have migrated to the Thames River. Some volatilization of DDTR could take place in 
surface soils exposed to the atmosphere. DDTR are also taken up by biota and bioaccumulated. 

The behavior of cyanide in the environment is strongly dependent upon its chemical form 
(Section 5.1.4.2). Under CLP, cyanide values given are for total cyanide only. There is not enough 
data regarding the occurrence or form of cyanide to define the most significant migration pathways. 

- 

- 

5.2.2.9 DRMO 
- 

Documented releases to soils at this site consist of: low concentrations of VOCs with one 
isolated hot spot; moderate levels of SVOs comprised predominantly of PAHs; PCBs in low to 
moderate concentrations; moderate to high concentrations of DDTR at one sample point; and 
metals concentrations above background. The most significant metals (relative to health or 
ecological risk) detected above background levels include cadmium, lead, and mercury. In ground 
water, VOCs were present in low levels, and the following metals were present above TBC or 
ARAR values: boron, sodium, iron, manganese and selenium. 

i 
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Air: The northern portion of this site is not paved or vegetated, therefore, fugitive dusts 
are easily generated and constitute a potential migration route. 

c\ 

VOCs in subsurface soil and ground water were present at low to moderate levels. There 
are no subsurface confined spaces or trenches in existence or proposed in this area, therefore, 
migration to such spaces is not a potential pathway. VOC levels near the office building were low 
and, therefore, not considered to be an indoor air quality concern. Concentrations of volatile 
compounds are far too low to be of concern in ambient air. 

Ground Water and Soils: Contaminants are present in subsurface soils above and below 
the water table and can migrate with infiltrating precipitation and ground water. Ground water in 
this area flows to the west and discharges to the Thames River at an estimated velocity of 0.7 feet 
per day. 

VOCs are highly mobile and their concentrations are consistent with those in soils. SVOs, 
comprised predominantly of PAHs, pesticides and PCBs, all appear to be tightly bound to soils and 
are not partitioning to ground water in detectable concentrations. All of these compounds have 
low mobilities. The inorganics detected in ground water above TBC or ARAR values are either 
constituents of salt water (boron, sodium) or appear to be leached from the soils due to reduced 
conditions in the fill (iron, manganese). The only exception is selenium. The reasons for its 
elevated concentration are not apparent. 

Surface Water and Sediments: Surface water at DRMO flows as sheet flow to the west and 
discharges to the Thames River. The soil surface here is erodible and the compounds present 
strongly partition to soil particles and have low solubilities. Therefore, the primary migration route 
by surface water is transport of contaminated suspended particles in runoff. PCBs were detected 
in Thames River sediment adjacent to the DRMO site. 

5.2.2.10 Lower Base 

c9 

R 

,- 

F 

Documented releases to soils include moderate to high concentrations of petroleum 
hydrocarbons, moderate levels of lead, and low concentrations of aromatic and halogenated VOCs. 
Ground waters contained low levels of VOCs and traces of petroleum hydrocarbons, and metals 
above ARAR or TBC values. 

Air: This area is completely covered with vegetation, asphalt, concrete or buildings. 
Therefore, fugitive dusts are not considered a potential migration pathway under present conditions. 
VOCs are only present in trace to low concentrations in subsurface soils and ground water, however 
there are extensive subsurface confined spaces in this area such as utility trenches that offer a 
potential contaminant migration pathway. 

Ground Water and Soils: Contaminants in this area are present in soils above and below 
the ground water surface. Therefore, contaminants can migrate in ground water from infiltrating 
precipitation and by leaching directly by ground water. Ground water in this area flows to the west 
at an estimated velocity of 1.3 feet per day, except for those areas near the Thames River that ebb 
and flood with the tides. This area extends less than 200 feet inland. In addition, the Lower 
Subase contains extensive underground utilities and structures which could offer preferential flow 
paths for contaminants. Regardless of tides and utilities the ultimate disposition and discharge 
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point of ground waters at the Lower Subase is the Thames River. Oils contain a complex mixture 
of hydrocarbons which include aromatic hydrocarbons and PAHs. The aromatic hydrocarbons have 
a medium to high mobility rate whereas the PAHs have a lower mobility. Weathered oils typically 
contain lower VOCs and higher PAHs than new oils. Lead compounds normally partition to soils 
and are not found in high concentrations in ground water and, therefore, have a low mobility. This 
appears to be the case at the Lower Subase. Chlorinated VOCs also detected at the Lower Subase 
are highly mobile. 

Surface Water and Sediments: Surface waters here are all collected by an extensive storm 
sewer system and discharge to the Thames River. This site is completely covered by buildings and 
pavement, therefore, runoff is not believed to contact contaminants in soils. However, ground water 
infiltration to the storm sewer system is possible. 
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6.0 HUMAN HEALTH RISK ASSESSMENT 

This section of the report provides an assessment of the human health risks associated with 
conditions at selected sites within NSB-NLON. A risk assessment provides estimates of potential 
risks in probabilistic terms. These estimates were developed for various exposure groups that might 
encounter contaminants either directly or indirectly at the sites. As such, the assessment is not an 
epidemiological study of specific individuals or specific reported health effects. The risk assessment 
presented in this section should be viewed as a tool to assist in identifying conditions that may 
require remediation by providing an indication of the relative magnitudes of potential health risks 
at the various sites. 

The risk assessment was conducted in accordance with the most recent U.S. Environmental 
Protection Agency guidance (USEPA, 1990). To ensure that the methodology was consistent with 
regional guidance (USEPA Region I), the general approach was discussed with appropriate risk 
assessment personnel within the agency prior to carrying out the quantitative aspects of the 
analyses. 

The risk assessment includes a qualitative component and a quantitative component. These 
were utilized for Step I and Step II sites, respectively. Limited sampling has been performed at 
Step I sites and the qualitative risk assessment is intended to provide an initial indication 
concerning the need for additional investigation or no action. Factors considered in the qualitative 
assessment included: site history, site use and potential exposure groups, and contaminant 
concentrations. Quantitative risk assessments were performed for the Step II sites. 

The Step I Sites that were evaluated qualitatively include: 

. Construction Battalion Unit (CBU) Drum Storage Area; 

. Rubble Fill at Bunker A-86; 

. Torpedo Shops; 

. Goss Cove Landfill; 

. Over Bank Disposal Area Northeast (OBDANE); 

. Spent Acid Storage and Disposal Area; and 

. Former Gasoline Station. 

The Step II Sites that were evaluated within the quantitative risk assessment include: 

. Area A, 

. Over Bank Disposal Area; 

. Defense Reutilization and Marketing Office (DRMO); and 

. Lower Subase; 

Risk assessment is an explicit process that takes into account the nature of the hazard posed 
by onsite contaminants, the potential effects associated with particular exposure levels, the 
magnitude and duration of exposure, and an integrated assessment of exposure information with 
health effects information. This section is organized into the following subsections: 

w 
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6.1 Hazard Identification 
6.2 Exposure Assessment 
6.3 Toxicity Assessment 
6.4 Risk Characterization 
6.5 Recommendations 

6.1 Hazard Identification 

The objective of the Hazard Identification phase of the assessment is to provide an initial 
evaluation of data, to provide a preliminary assessment of potential hazards, and to select 
compounds of interest for the qualitative and quantitative risk assessment. 

6.1.1 Evaluation of Data for Risk Assessment 

This assessment relied upon the QA/QC review of data presented in Appendix C of this 
report. The following items were addressed as part of the evaluation: 

. analytical methods; 

. quantification limits; and 

. qualified and coded data. 

Data were judged to be adequate for risk assessment purposes and met the standards set 
by the EPA. Details are provided in Appendix C. 

Treatment of Non-Detects 

Chemical analytical methods have associated detection limits below which the presence of 
a contaminant can not be detected. These data are reported as non-detects. Data reported in this 
fashion need to be considered with regard to the potential that the contaminant might be present 
at some level below the detection limit. A procedure was developed for handling such data in the 
present program. 

Compounds that were not detected in any of the media sampled throughout the base were 
judged to be insignificant as site compounds of interest and, thus, were excluded from further 
analyses. In developing exposure point concentrations (EPCs) associated with a particular site, the 
compound needed to have been detected in at least one sample in order to be included in risk 
calculations. In such cases, the following methods were used to treat values reported as non- 
detects. c 

Treatment of Non-Detects for Chemicals in Water 
- 

The first step in dealing with non-detects was to consider the CLP Contract Required 
Quantitation Limits (CRQLs). Non-detect values for water samples were assigned values that were 
one-half of the laboratory CRQLs presented in Section 2.0 of this report. A value of 300 ug/l was 
used for boron based on a review of the analytical data presented and recognition of the EPA 
drinking water health advisory for boron (600 ugil). This is consistent with EPA Superfund 
guidance which states that when the sample quantitation limit is not known, a health-based 
reference concentration may be applied. 
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Treatment of Non-Detects for Organic Chemicals in Soil 

To estimate sample quantitation limits for organic chemicals in soil and sediment samples, 
it was first necessary to transform the CRQL reported by the laboratory on a wet weight basis to 
a dry weight basis. This was accomplished by using available site and sample data on percent 
moisture content. One-half the detection limit was used for values reported as non-detect. 

Treatment of Non-Detects for Inorganic Chemicals in Soil 

Contract Required Detection Limits (CRQLs) were not available for the following inorganic 
compounds: antimony, arsenic, beryllium, boron, cadmium, mercury, and selenium. For these 
compounds, the data were reviewed and an average detection limit was estimated. One-half of this 
limit was used to assign values for data reported as “non-detect”. For the remaining inorganic 
compounds, one-half the EPA CLP quantification limits were used to assign values for data 
reported as “non-detect”. 

6.1.2 ActivitiedOtxrations Near Sites 

p” 

PC 

The following section provides an overview of activities in the vicinity of sites. The Groton 
Subase includes housing for Navy personnel and their families, submarine training facilities, military 
offices, medical facilities, and facilities designed for the maintenance, repair, and overhaul of 
submarines. Onsite residences for junior officers and their families are located off Shark Boulevard. 
Bachelor quarters are on Thresher Avenue. Locations of the residential areas with respect to the 
sites investigated are provided in Figure 6-l. 

Land use adjacent to the site is generally residential or commercial. Offsite residential 
developments are located along Military Highway, Sleepy Hollow, Long Cove Road and Pinelock 
Drive. These areas border the site to the north and extend north into the Gales Ferry section of 
Ledyard. Property along Route 12 to the east of the site consists of widely-spaced private homes 
and open, wooded land. Farther south on Route 12, development is mixed commercial and 
residential and includes a church, automobile sales and repair facilities, convenience stores, 
restaurants, and a gas station. Private residences are located along the south side of Crystal Lake 
Road; farther south is housing for Navy personnel. 

Information on onsite activities was obtained primarily from discussions with civilian and 
naval personnel familiar with the various facilities at the Subase. This was supplemented with 
information available in the IAS report and the site inspection. Information on future land use and 
construction was provided by Mr. Joseph Simmons, Shore Facilities Planner. Results of the 
discussions with onsite personnel are provided in Appendix E.. 

Major activities at Step I and Step II sites are provided in Table 6-l. Groups of individuals 
who might encounter contaminants at one or more sites include: 

. public works personnel who access buried utility lines or excavate soil; 

. on-base residential children; 

. local residents who occasionally visit the submarine base; 
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ACTMTIES AT SITES 
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work by offsite visitors for on-base construction 
families 

CBU Drum Storage Area 
Rubble Fill at Bunker A-86 
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Goss Cove (includes Nautilus Museum) 
DBDANE 
Spent Acid Storage and Disposal Area 
Former Gasoline Station 
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Lower Subase (includes Piers) 
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. independent contractors who are involved in construction on the 
submarine base; and 

. Navy employees who work in the buildings onsite. 

6.13 Selection of Compounds-of-Interest 

This section develops the list of chemical compounds known as the compounds of interest 
that were quantitatively evaluated with respect to their health and environmental effects for Step 
II sites and qualitatively addressed for Step I sites. The selection procedure for the compounds of 
interest identified those that were judged to be most important site-related contaminants with 
regard to potential human health or environmental risks. The selection was based on the following 
factors: 

. the compound must have been detected at least once in any medium 
somewhere within the selected sites on the submarine base; 

. a compound must have been detected at least once in the selected medium 
to be considered as a compound of interest for a particular site; 

. the toxicity of the compound (all carcinogens were included except for 
inorganics present at natural elemental abundance); 

. the frequency of occurrence and spatial extent of contamination; and 

. the presence of an inorganic compound within its natural range of elemental 
abundance. 

Based on the factors considered above, a list of compounds of interest was developed for 
the site as a whole (Table 6-2). A number of compounds that were detected at the site were not 
included in the quantitative assessment for one or more reasons. Arsenic was detected at elevated 
levels at a few locations but throughout most of the site this metal was present within natural 
background levels. Thus, it was considered qualitatively in this report but is not included in the 
quantitative assessment. Three organic compounds detected in soil and excluded from the risk 
analysis were chloroform, diethylphthalate, and isophorone. Chloroform was excluded because it 
was not associated with site activities, is a common laboratory contaminant, and was observed only 
once in subsurface soil within the DRMO site. Diethylphthalate was found only in deep soil at very 
low concentrations in a single sample from the Torpedo shop site. Isophorone is not considered 
a carcinogen and is only minimally toxic. It was detected in a single soil sample at the Goss Cove 
site. 

6.1.4 Presentation of Data for Risk Assessment 

The average and maximum concentrations of compounds of interest were determined for 
each of the Step II sites for each medium. These were used to develop Exposure Point 
Concentrations for use in the Exposure Assessment. As described earlier, non-detect values for 
compounds observed at least once within a particular site, were assigned values of one-half the 
CRQL or other “default” values to account for the possibility that the compound might have been 
present at levels below the detection limit. This was done in accordance with EPA guidance. 
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COMPOUNDS OF INTEREST FOR NSB-NLON 
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6.2 Exwsure Assessment (Human Health) 

- 

I+-=. 

The exposure assessment provides site specific information related to pathways by which 
humans are potentially exposed to compounds of interest at the sites as well as the magnitude, 
frequency, and duration of potential exposures. A qualitative assessment of exposures was made 
of Step I sites based on information on activities and the presence and extent of contamination. 
Quantitative estimates of exposure were developed for Step II sites. Nominal estimates of exposure 
(based on average concentrations) and upper bound estimates (based on maximum concentrations) 
were used to represent the range of exposures that may be associated with conditions at a site. 

The following elements are incorporated into the exposure assessment: 

. nature and extent of contamination and potential migration pathways; 

. identification of potentially exposed populations and environmental 
receptors; 

. delineation of potential receptor-specific exposure pathways corresponding 
to an activity; 

. development of exposure intake assumptions associated with each exposure 
pathway; 

. estimation of the range of exposure point concentrations; the arithmetic 
average exposure point concentration represents the nominal case while the 
maximum exposure point concentration predicts the worst case; 

. estimation of pathway and receptor-specific intakes and doses of 
compounds-of-interest. 

6.2.1 Characterization of Exuosure Settings 

This section describes the site-specific features of each site that may result in human contact 
with compounds of interest in one or more environmental media. This discussion is provided first 
for Step I sites and second for the Step II sites. Details are provided in Appendix E. The physical 
setting of each site including figures is provided in Section 1.0. 

6.2.1.1 Step I Sites 

Construction Battalion Unit (CBU) Drum Storage Area 

Access to this site is limited as the site has security surveillance. The site is located adjacent 
to Area A Landfill. Under current conditions, site activity is related to storage of contractor trailers 
and occasional visits by site contractors. 

Rubble Fill at Bunker A-86 

This Step I site is only used for storage of materials, and future construction is not 
scheduled. The Rubble Fill area is located adjacent to Bunker A-86 with limited access. 
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Torpedo Shops 

This site is highly secured and is fenced. Current activities involve routine maintenance of 
utility lines, torpedo overhaul, and administrative operations for the undersea weapons and quality 
assurance departments. Future construction plans include an addition onto building 325 and 
construction of an auto reclaim facility. The areas actually investigated were former septic systems 
which are located west/southwest of the buildings. 

Goss Cove Landtill 

The area is primarily a paved parking lot and an associated building housing the museum. 
The site is open to the public. A utility tunnel exists from the building to the pier. Standing water 
has been observed inside the tunnel, but its origin has not been confirmed. Navy personnel believe 
the water is from the Thames river, which is adjacent to the site. Various underground utilities are 
located at the site. (For a list of future activities planned in this area, refer to Appendix E.) 

Over Bank Disposal Area Northeast (OBDANE) 

Presently, no activity exists within this site. It is located within a wooded area near the 
Weapons Center and within Area A. 

-- 

Spent Acid Storage and Disposal Area 

This is a relatively small site and is paved. Two active buildings (410 & 409) are located 
nearby which are used primarily for storage. Water mains and sanitary and storm sewers are 
present on the site. 

Former Gasoline Station 

The former gasoline station site is located in front of the Dealey Center. The area is paved 
and is below a roadway. The Dealey Center serves many functions for D.0.D employees and 
visitors. Current uses of the Dealey Center are described in Appendix E. Building 96 functions 
as a counselling and assistance center, but it is scheduled for demolition. 

6.2.1.2 SteD II Sites 

More detail is provided for Step II sites than for Step I sites to provide the basis for 
quantitative risk assessment. Additional detail is provided in Appendix E. 

-, 

- 

- 

- 

_- 

Area A 

This site consists of three areas: 1) Area A Landfill, 2) Area A Wetland, and 3) Area A 
Downstream Watercourses. 

Area A Landfill: Naval authorities refer to this site as Alpha Area Storage and deployed parking. 
It is approximately 7 acres in size. Access is via a dirt road off Wahoo Avenue. Details on the 
operations of Alpha Area Storage are found in Appendix E. Military serviceman store their cars 
in deployed parking when on sea duty. Public auctions are held to remove abandoned cars in the 
deployed parking area. 

--. 
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The North Lake recreational area and on-base residential housing are located west of the 
Area A landfill. The Area A landfill site is not fenced. A standing watch exists when Alpha Area 
storage is closed, but access is possible from the road and the wooded hillside to the west. Children 
of junior officers living on the Subase may explore the wooded areas (Area A Downstream) 
adjacent to the landfill or might investigate the landfill itself. Various materials are stored on 
wooden palettes. A further description of this site and the nature and extent contamination is 
provided in Section 4.0. 

Storm sewers which direct runoff to the area are located to the east near the vicinity of 
tennis courts and building 460. They also run through the deployed parking area and at the 
entrance to Alpha area storage off Wahoo Avenue. The storm sewers for this site represent less 
than 1% of the existing utility lines on the base. 

Recreational activities occur in close proximity to Area A landfill, include military 
servicemen jogging along Wahoo Ave, and playing tennis in nearby tennis courts. 

Approximately 22,300 square meters of this site are unpaved. The unpaved portion of the 
landfill represents approximately 97 percent of the site. A small portion of the site is covered by 
a concrete pad in the southwest portion of the landfill for above ground storage of several 
transformers, removed underground storage tanks, and crane weights. A portion of the site is used 
for sandbag storage and a portion for automobile parking. Current onsite activities entail daily 
moving of storage items onto the wooded pallets, sandbagging in the summer and repairing storm 
sewers. Because of the existing uncovered dirt piles and current onsite activities in the unpaved 
areas, fugitive dust generation is likely. Receptors that could be exposed to fugitive dust include 
base personnel who are working on the site, base personnel who are jogging or playing tennis on 
base, and on-base and off-base residents. The nearest Groton/Ledyard resident who lives along 
Route 12 is only 425 meters from the site. Residential housing for junior officers and their families 
is approximately 490 meters from the landfill. 

No construction is planned for the area. 

Area A Wetland: The wetland spans 30 acres. To the east, a security fence separates Route 12 
from the perimeter security road which abuts the wetland. Therefore, access is restricted from 
Route 12 into the Area A wetland. At the southern edge, the wetland borders the Area A landfill. 
The wetland extends in a northwesterly direction to the Weapons Storage Area. The Weapons 
Area’s security fence forms a boundary line. In the far southeastern comer, tennis courts and a 
racquetball facility are directly adjacent to the wetland. Access to Area A wetland is possible from 
the unpaved extension of Thresher Ave which is the entrance to the deployed parking area, tennis 
courts and the Area A landfill. 

There are no buried or above ground utility lines in the wetland. There is no routine human 
activity in Area A wetland itself. The activities which occur in the vicinity of Area A wetland are 
the daily activities conducted in Area A landfill; usage of tennis or racquetball courts; routine 
operations of Weapons Storage Area and visits to the Hobby shop. Groton/L.edyard residents on 
Route 12 live directly adjacent to the Area A wetland. None of the potentially exposed populations 
associated with the above mentioned activities have direct contact with the wetland. Fugitive dust 
is not an issue for this site because the soils are wet. 
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On-base children who might explore the Area A Downstream from North Lake could enter 
the wetland through the far west corner between the Weapons Storage area and the Area A landfill. 
Their exploration would probably be limited to this corner of the wetland because of the thickness 
of the brush and potential observation by Weapons Center security watch. 

Future development may include the reconstruction of a portion of the Weapons Center, 
but is not likely to encroach on the wetland proper. 

Area A Downstream Watercourses/OBDA: The Area A Downstream Watercourses drain the Area 
A Landfill and Wetland. The Area A downstream watercourses include several small streams, two 
small ponds, and North Lake, which is a man-made swimming pond. The site is not fenced, but 
access is limited to only Navy Officers and their families. North Lake is filled with municipal water 
and drained in the Fall. During the months of recreational operation, North Lake is chlorinated. 
A stream flows from the OBDA wetland west toward North Lake. Under normal flow conditions, 

the stream enters a culvert which bypasses North Lake and discharges to a stream below the outfall 
of North Lake. Under heavier runoff conditions, it is possible that some water from the stream 
discharges to North Lake. At the time of the site inspection, North Lake had been drained; yet 
some water remained in the pond, indicating that it does receive some ground water discharge. 
Ground water sampling locations, 2DMW15 and 2DMW16 which includes overburden and bedrock 
wells are in vicinity of North Lake. Ground water measurements from these wells indicate that 
shallow ground water likely discharges to North Lake. Snow melt and stormwater runoff collects 
in North Lake basin over the winter months. 

From the second week of June to Labor day, the North Lake recreational area functions 
as a playground, beach, and picnic area for the Naval families. The woods and streams surrounding 
North Lake offer interesting places for children to explore. The wooded area is dense and prevents 
observation from the Wahoo Ave and North Lake. During the fall and winter, access to this site 
does not appear restricted except near the perimeter of the Weapons Storage area. 

Further development is not planned for this area and is unlikely because most of the 
downstream watercourse area is within designated Explosive Safety Quantity Distance (ESQD) arcs 
of the Weapons Storage Area. 

Discussions of OBDA are grouped with those of Area A. Because of its close proximity to 
Area A wetland and Downstream area, it is a potential place of exploration for on-base children. 
Exposures within OBDA, are incorporated in exposure scenarios pertaining to Area A Downstream. 
Military activity is absent. 

Defense Reutilization and Marketing Oftice (DRMO) 

Access to this site is restricted. A fence prevents on-base access from Amberjack Road to 
the south. North of this site, another fence deters trespassers from coming onto the submarine 
base. In the easterly direction, the site is bounded by an active railroad line and to the west by the 
Thar 2s River. The DRMO functions as a collection facility. Salvageable items are sold at auctions 
and .,ales that are held periodically throughout the year. The northern portion of the site is 
unpaved and consists of gravel surface. The unpaved portion is occupied by a large scrap yard and 
Building 491 that is used for storage. During the Fall, Winter and Spring, base personnel daily sort 
the metal scraps within the scrap yard. The scrap metal is then sold at the DRMO auctions. 
Buildings 397,353,479 and 355 are on the paved area. Buildings 479 and 355 are used for storage. 
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Building 397 serves as the DRMO Office. Within this site, Building 397 is the only structure 
which is occupied by a full-time administrative staff. State and federal agencies visit the office on 
a daily basis. Weekly deliveries of purchased materials are made to the office. The DRMO 
building is a quonset hut on a concrete slab with a metal roof. The other buildings are constructed 
on concrete slabs. 

All auctions and sales are open to the public. Monthly auctions are held inside Building 397. 
Three days prior to the auction, auctioned items are available for viewing inside Buildings 355 and 
479 or on pavement outside the buildings. Weekly sales are conducted inside the DRMO complex. 

Utility lines are present near active buildings and represent approximately five percent of 
the utility lines on the base. Routine repair and maintenance of these utility lines has been 
documented. Construction of a temporary hazardous waste storage facility is planned for the 
northern portion of the site. 

Because of the unpaved gravel surface in the DRMO site, there is the potential for fugitive 
dust generation. Gales Ferry residents live approximately 485 meters from the DRMO site. The 
potential for fugitive dust exposures is evaluated for the Gales Ferry residents and for children of 
junior officers who live approximately 915 meters from the DRMO. 

Lower Subase 

The Lower Subase is a high security area. A barbed wire fence with control gates regulate 
access from Shark Boulevard to the east, and along Amberjack Road to the north. The site is 
completely paved except for the piers. To the west, the area is bounded by the Thames River. 
There are an extensive amount of utility lines in this area. The utility lines are either in enclosed 
concrete trenches with accessible covers or buried below the surface. These utilities include storm 
sewers, sanitary sewers, and steam, electric, telephone, and fuel lines. A total of 200 manholes are 
available for accessing the utility lines within the area. Inspections of fuel lines in the trenches are 
performed to check for leakage. Soil excavation is required for routine maintenance and repair of 
the buried utility lines. 

Many buildings occupy this site. Most of the buildings function as administrative offices or 
storage facilities. Within the active buildings, the full-time administrative staff consists of military 
servicemen and authorized NSB-NLON employees. 

Daily pier activities encompass berthing and fueling submarines. Visual inspection of the 
bulkhead along the waterfront of the Lower Subase revealed no oil seeps or sheens anywhere along 
the waterfront at the Lower Subase. 

Future activities scheduled for this site are described in detail in Appendix E. In general, 
demolition or reconstruction of some structures is planned. At piers 32 and 33, new quaywalls will 
replace deteriorated sheet pile bulkhead. In preparation of the berthing of SEAWOLF submarines, 
extensive dredging is needed around piers 32 and 33, however, these piers are outside the study 
area. Maintenance dredging will occur at piers 2, 6, and 31. 

6.2.2 Identification of Exposure Pathwavs 

An exposure pathway describes the path by which a chemical migrates from the source of 
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contamination to a human receptor. Factors influencing exposure pathways are the source and 
mechanism of contaminant releases, fate and transport of the chemicals, and points of contact with 
human populations. Exposure routes may include dermal contact, ingestion or inhalation. An 
exposure scenario summarizes all potential exposure pathways associated with an activity and an 
exposure group. The fate and transport mechanisms for the compounds of interest are described 
in Section 5.0. 

6.2.2.1 Step I Sites 

Construction Battalion Unit (CBU) Drum Storage Area 

The primary function of this site is a storage area for contractor trailers. The area is 
occasionally accessed by contractors who are working on the NSB-NEON. Due to the lack of 
significant chemicals identified onsite, exposures are considered negligible. 

Rubble Fill at Bunker A-86 

Since the present activity at the site is minimal, the exposures are considered negligible. 

Torpedo Shops 

Military personnel work at the Torpedo shop buildings and the grounds are maintained by 
base personnel. Exposures to soils is possible during repairs of existing underground utility lines 
and the ongoing construction. 

Ground water within the overburden aquifer at the Torpedo Shop contains VOCs below 
ARAR and TBC drinking water standards/guidance values. Antimony is present above a USEPA 
proposed MCL, indicating a potential health risk, if consumed. No potable water supply wells exist 
or are planned by the Navy in the potentially affected downgradient area. The Navy owns the land 
within the potentially affected area. Therefore, under existing and projected future land use 
conditions, no exposure pathway exists for human consumption of degraded ground water. The 
potential effect of ground water discharge on surface water quality is evaluated in Section 7.0. 

Goss Cove Landfill 

A full-time civilian staff currently occupies the museum year round. Tourists also visit the 
museum all year round. Inhalation of subsurface volatile organics migrating into the building is a 
possible exposure pathway. 

Excavation of buried utility lines or future construction could expose utility or construction 
workers to contaminated landfill material. 

The construction of a coastal viewing park is currently underway. Residential children could 
gain access to Goss Cove by climbing the retaining wall. The construction of a public boat launch 
has also been proposed. For children, exposures to sediment and surface water are possible. 
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Spent Acid Storage and Disposal Area 

- Demolition of the buildings and construction of a new warehouse are scheduled. Either 
installation or removal of utility lines will coincide with these events. For construction workers and 
naval laborers, contact with soils highly contaminated with metals is probable. 

C 
Former Gasoline Station 

- 
At present there is no exposure at this location. The site is paved and available data 

indicate that there has been little or no release from the underground storage tank. Additional 
investigation is recommended on conditions beneath the tank to confirm the lack of exposure. 

a-4 6.2.2.2 Step II Sites 

Area A Landfill 

The exposure scenarios for this site are presented below: 

. Utility Worker Repairing Storm Sewers in Area A Landfill; 

. Weapons Center Personnel Exposed to Fugitive Dust from Area A Landfill; 

. Military Servicemen Moving Palettes in Alpha A Storage; 

f-- . Military Servicemen Exposed to Fugitive Dust While Engaging in 
Nearby Recreational Activities; 

I--.- 
. Groton/Ledyard Residents Exposed to Fugitive Dust; 

. Citizens Attending Car Auctions in Deployed Parking. 

These exposure scenarios are presented in Tables 6-3 to 6-8 in this section. Site sample 
locations for Area A are provided on Plate 6-1. 

c-r For scenarios involving exposures to fugitive dust from Area A landfill, dust concentrations 
were either modeled or an ambient particulate concentration was selected. 

There are storm sewers to depths of eight feet in Area A Landfill. Thus, soil samples 
collected to a depth of eight feet were used to calculate the soil exposure point concentrations 
during repair of storm sewers. Referring to Table 2-10, the depth of ground water in Area A 
Landfill ranges from approximately eight to 25 feet below the surface. Thus, exposures to ground 
water are not likely while repairing storm sewers. 

Exposure associated with sandbagging activity was judged to be small compared to the other 
Area A Landfill exposure scenarios because of the short duration of this activity. Therefore, health 
risks were not quantified for this less frequent activity. 
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TABLE 6-3 
UTILITY WORKER REPAIRING STORM SEWERS IN AREA A LANDFILL 

Utility Worker Exposures to Soil and Fugitive Dust 
casdTllirlg: Current Site Conditions 
Primary Actlvll: Storm Sewer Repair in Area A landfill 
Exposed People: Naval Public Works Employees 18-85 years 

Variable Units Values Notes 6. References 

Physical Attributes of Population: 
Average Bodyweight ko 70 EPA, 1989a 
Average Lifetime years 70 Assumed 
Total Skin Area cm2 19400 EPA, 1989a - 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

hours/day 
days/year 
years 
days 

8 Assumed 
1 Estimate based Navy Subbase Stats 

20 Assumed for Naval Public Works employee 
365 Standard 

Ingestion Rate mglday 
- 

loo EPA, 1989b 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
Ifraction) 

- 
1 EPA, 1989b 

0.3 EPA, 1989b 
0.3 Value for Ad&s; EPA, 1989b 

1 EPA, 1989b 

Dermel Absorption o&l:- Xi; !;:: :, ,. : ., :, z: j ,::‘T;,::.: j. :. :.;;::.Poten& Exposure I 

Soil Adherence mglcm2 0.5 EPA, 1989b 

Exposed Body Parts 
Fraction of Skin Area Exposed 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 

(fraction) 
(fraction) 
(fraction) 

0.19 

0.50 
0.05 
0.01 

arms, hands, head 
EPA, 1989a 

EPA, 1989b 
EPA, 1989b 
Negligible; EPA, 1989b 
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TABLE 6-3 (CONTINUED) 
UTILITY WORKER REPAIRING STORM SEWERS IN AREA A LANDFILL 

Exposure Scenario: Utility Worker Exposures to Soil and Fugitive Dust 

Case/Timing: Current Site Conditions 
Primary Activity: Storm Sewer Repair in Area A landfill 
Exposed People: Naval Public Works Employees 18-85 years 

Notes & References 

Inhalation of Air: 

Inhalation Rate m3/hr 

PM 10 Concentration mglm3 

Absorption Factor 
vocs, svocs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 

Ingestion of Groundwater: 

Ingestion Rate I/day 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

Dermal Absorption of Groundwater: 

Exposed 8ody Parts 
Fraction of Total 

Skin Permeability Rate 

(fraction) 

fcm/hrI 
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3.9 

0.09 

1 EPA, 1989b 
0.42 EPA, 1989~ 

1 EPA. 1989b 

0 

0 

Potential Exposure 
fugitive dust 
EPA, 1989a assuming heavy excercise 

GRI, 1987 

No Potential Exposure 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

No Potential Exposure 
groundwater is 8 ft below the surface 



TABLE 6-3 (CONTINUED) 
UTILITY WORKER REPAIRING STORM SEWERS IN AREA A LANDFILL 

Exposure Scenario: Utility Worker Exposures to Soil and Fugitive Dust 
C8seITiming: Current Site Conditions 
Primary Activity: Storm Sewer Repair in Area A landfill 
Exposed Peopfe: 40, P Naval Public Works Employe$s 18-65 years 

- 

Variable Units Values Notes & References - 

Ingestion Rate 

..,. 
. . . 

mgtday 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

Oermai Absorption ‘oi Sediments: 

Sediment Adherence 

.’ 

mgkm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

Ingestion of Surface Water: 

Ingestion Rate I/day 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

Dermal Absorption of Surface Water: 

Exposed 8odv Parts 
Fraction of Total (fraction) 

,, 

‘L. 

0 

1 
0.3 
0.3 

1 

0 

0 

0.50 
0.05 
0.01 

0 

1 
1 
1 

0 

. . ./ . . . 
No Potential Exposure ” .,: 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 
EPA, 1989b 

No Potential Exposure .‘, 

EPA, 1989b 
EPA, 1989b 
Negligible: EPA, 1989b 

No Potential Exposure 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

No Potential Exposure 

- 

-1 

- 

- 

- 

- 

i^ 

Skin Permeability Rate km/hrl 
- 
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TABLE 6-4 
WEAPONS CENTER PERSONNEL EXPOSED TO FUGITIVE DUST FROM AREA A LANDFILL 

Exposure Scenario: Worker Exposures to Fugitive Dust from Alpha Area Landfill 
Case/Timing: Current Site Conditions 
Primary Activity: Work in Weapons Center 
Exposed People: Weapons Center Personnel, 22 - 50 years 

Variable Units Values Notes & References 

Physical Attributes of Population: 
Average Bodyweight 
Average Lifetime 
Total Skin Area 

kg 70 EPA, 1989a 
years 70 Assumed 
cm2 19400 EPA, 1989a 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

hours/day 8 
days/year 250 
years 35 
days 365 

Ingestion of Soil: 

Ingestion Rate mgfday 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction). 
(fraction) 

Dermal Absorption of Soil: 

Soil Adherence mglcm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 
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0 

1 
0.3 
0.3 

1 

0 

0 

0.50 
0.05 
0.01 

Assumed 
Will vary with each site: CHECK 
Estimate from Bill Mansfield 
Standard 

No Potential Exposure 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 
EPA, 1989b 

No Potential Exposure 

EPA, 1989b 
EPA, 1989b 
Negligible; EPA, 1989b 



TABLE 6-4 (CONTINUED) 
WEAPONS CENTER PERSONNEL EXPOSED TO FUGITIVE DUST FROM AREA A LANDFILL .- 

Exposure Scenario: Worker Exposures to Fugitive Dust from Alpha Area Landfill- 
Case/Timing: Current Site Conditions 
Primary Activity: Work in Weapons Center 

S Weapons Center Person&, 22 - 50 years . 

Variable Units Values Notes & References 

.,..: .,...: .: 
lfihalation of Air:. ‘. 

4nhalation Rate 

‘. ’ 

m3lhr 

: ::.: ,,j.~&.tiai EXPOSUre 
..: 

fugitive dust - 

2.5 EPA, 1991, Default 

PM 10 Concentration mg/m3 0.0043 Hanna et al, 1982 

Absorption Factor 
vocs, svocs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
0.42 EPA, 1989~ 

1 EPA, 1989b 

fig&ion of Groundwater:. ‘. . . 
. 

<‘&O Potential Exposure 

Ingestion Rate l/day 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
1 EPA, 1989b 
1 EPA, 1989b 

Dernkl Absorption of Groundwatkr: 
. . 

No Potential Exposure 

Exposed Body Parts 
Fraction of Total (fraction) 0 

-\ 

Skin Permeability Rate (cm/hr) 
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TABLE 6-4 (CONTINUED) 
WEAPONS CENTER PERSONNEL EXPOSED TO FUGITIVE DUST FROM AREA A LANDFILL 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: 

Worker Exposures to Fugitive Dust from Alpha Area Landfill 
Current Site Conditions 
Work in Weapons Center 

sonnel, 22 - 50 years 

Variable Units Values Notes & References 

Jngestion of Sediments: 

Ingestion Rate 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

Dermal Absorption of Sediments: 

mglday 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

Sediment Adherence 

Exposed Body Parts 
Fraction of Skin Area Exposed 

Absorption Factor 
vocs 
svocs 
lnorganics 

Ingestion of Surface Water: 

mgJcm2 

(fraction) 

(fraction) 
(fraction) 
(fraction) 

Ingestion Rate 

Absorption Factor 
vocs 
svocs 
lnorganics 

I/day 

(fraction) 
(fraction) 
(fraction) 

. 
Dqrmal Absorption .of Surface %ter:I . . 

Exposed Body Parts 
Fraction of Total (fraction) 

Skin Permeability Rate (cm/hr) 
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No Potential Exposure 

0 

1 EPA, 1989b 
0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

No Potential Exposure 

0 

0 

0.50 EPA, 1989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 

No Potential Exposure 

0 

0 

6-21 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

No Potential Exposure 
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TABLE 6-5 
MILITARY SERVICEMEN MOVING PALETTES IN ALPHA AREA A STORAGE AREA 

Exposure Scenario: Exposures to Soil and Fugitive Dust 
Caselliiing: Current Site Conditions 
Primary Acthrity: Unloading pallettes in Alpha Area Landfill 

*Exposed People: Transient Military servicemen 

Variable Units Values 

_.- 

Notes & References 

Physicel Attributes of Population: 
Average Bodyweight kg 70 EPA, 1989s 
Average Lifetime years 70 Assumed 
Total Skin Area cm2 19400 EPA, 1989a 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

hours/day 
days/year 
years 
days 

0.333 Estimate from Sr. Cheif Dregger 
260 Estimate from Sr. Cheif Dregger 

3 Estimate From Sr. Cheif Dregger 
365 Standard 

I- 

- 
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........... ................. .: ....... .................. .. . ....... ,: ..... . .......... . ..:.:...> ....................................... r., ..... ................... i, : ~, :i:.i:i:~:~ii:j;i;:; ;;i, .+;;; 3:‘: ; ‘? ; :: 

Ingestion Rate 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

Soil Adherence 

Exposed Body Parts 
Fraction of Skin Area Exposed 

Absorption Factor 
vocs 
svocs 
lnorganics 

-‘ 

mgiday 100 EPA, 1989b 

- 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

: : .: :..,:; :,,: .::y,:. :: : :.:::,:<‘. 
I.. .:; 

:: ‘j: .,.... 1.‘: 

.,’ : ,’ .:..,,;.: 

:. :. :. Potentral Exposure 
- ..’ .:... 

mgIcm2 0.5 EPA, 1989b - 

(fraction) 
arms, hands, head 

0.19 EPA, 1989a --. . 

(fraction) 
(fraction) 
(fraction) 

0.50 EPA, 1989b 
0.05 EPA, 198913 

-. 

0.01 Negligible; EPA, 1989b 
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TABLE 6-5 (CONTINUED) 
MILITARY SERVICEMEN MOVING PALETTES IN ALPHA AREA A STORAGE AREA 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 

Exposures to Soil and Fugitive Dust 
Current Site Conditions 
Unloading pallettes in Alpha Area Landfill 

Variable Units Values Notes & References 

Inhalation of Air: 

Inhalation Rate m3/hr 

PM 10 Concentration mgIm3 

Absorption Factor 
vocs, svocs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 

Ingestion of Groundwater: 

Ingestion Rate I/day 

Absorption Factor 
vocs 
svocs 
Inorganics 

(fraction) 
(fraction) 
(fraction) 

Dermal Absorption of Groundwater: 

Exposed Body Parts 
Fraction of Total (fraction) 

Skin Permeability Rate (cm/hr) 

DRAFT IR STUDY NSB-NLON 6-23 

2.5 

0.018 EPA 1989 Air Quality for New England 

1 EPA, 1989b 
0.42 EPA, 1989~ 

1 EPA, 1989b 

0 

0 

Potential Exposure 
fugitive dust and volatiles 
EPA, 1991 Default Commericial/lndustrial 

No Potential Exposure 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

No Potential Exposure 
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TABLE 6-5 (CONTINUED) 
MILITARYSERVICEMEN MOVINGPALETTESINALPIIAAREAASTORAGE~ 

Exposure Scenario: 
CeseCllming: 
Primary Activii: 

PeoL Exposed 

Exposures to Soil and Fugitive Dust - 
Current Site Conditions 
Unloading pallettes in Alpha Area Landfill 
Transient Military servicemen -w 

Variable Units Values Notes B1 References - 

Ingestion Rate mgiday 0 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

.--. 

- 

Sediment Adherence mgicm2 0 
- 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

0.50 EPA, 1989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 

Ingestion Rate I/day 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
1 EPA, 1989b 
1 EPA, 1989b 

- 

::‘:‘::‘.--.:‘~~~,:‘.‘.‘.“.:.‘. . . .> .:;.:. . . ..:: ..,:. ; :,:.: ..: :. ,.:.:.>:: ,.: :.,.: ,.:,.,... . . .:.., >:, .: : . . . . : ;. : ,; ;‘: .: : ., ,, ,,: .) y . . i : ,,, : ,. . . : ,. .: : : .,.. : 
.~~~~~~~~~~i~~‘:Sri~~.,Wat~rll:iri.,,::’.”’;::~~li.~j:,~,::i:ii:: 1:. ..I :::. :.:,., :.;: + :.. Y:;“~ : { Ne pofential, Exposure .: 1: .:, ,,. ‘: ;. ; :I ; i ; ;‘; ., :_ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,. ..\ 

Exposed Body Parts 
Fraction of Total (fraction) 0 -. 

Skin Permeability Rate (cm/h4 
- 
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TABLE 6-6 
MILITARY SERVICEMEN EXPOSED TO FUGITIVE DUST WHILE ENGAGING IN 

NEARBY RECREATIONAL ACTIVITIES 

Exposure Scenario: Exposures to Fugitive Dust 
Case/Timing: Current Site Conditions 
Primary Activity: Playing tennis or jogging near Alpha Area 

Mlears old Exposed People: 

Variable Units Values Notes & References 

Physical Attributes of Population: 
Average Bodyweight 
Average Lifetime 
Total Skin Area 

kg 
years 
cm2 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

Ingestion’ of Soil: 

hours/day 
days fyear 
years 
days 

Ingestion Rate mglday 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

Dermal Absorption of Soil: 

Soil Adherence 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

mgIcm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

DRAFT IR STUDY NSB-NLON 

70 EPA, 1989a 
70 Assumed 

19400 EPA, 1989a 

1 Assumed 
120 Assumed 30 wkslyear; 4 dayslwk 

6 Reassigned Tour of Duty 
365 Standard 

No Potential Exposure 

0 

1 EPA, 1989b 
0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

Not Sufficient Exposure Pathway 

0 

0 

0.50 EPA, 1989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 
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TABLE 6-6 (CONTINUED) 
MILITARY SERVICEMEN EXPOSED TO FUGITIVE DUST WHILE ENGAGING IN 

NEARBY RECREATIONAL ACTMTIES 

Exposure Scenario: Exposures to Fugitive Dust 
c8semming: Current Site Conditions 
Primary Activity: Playing tennis or jogging near Alpha Area 

Variable Units Values Notes & References 

Inhalation Rate m3/hr 

mglm3 

(fraction) 
(fraction) 
(fraction) 

fugitive dust 
2.5 EPA, 1989a assuming moderate excercise _ 

PM 10 Concentration 

Absorption Factor 
vocs, svocs 
Lead 
Other lnorganics 

0.00407 modeled 

1 EPA, 1989b 
0.42 EPA, 1989c 

1 EPA, 1989b 
- 

Ingestion Rate I/day 0 - 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
1 EPA, 1989b 
1 EPA, 1989b 

- 

- . . . ../ . . ..:. . . . . ... ;.:..:..:: . . . .,,...,,:~....:.....,,, ., ‘:. 
p@{.maj Absorp.tjon~,gf Grounr&vater: : :,,‘;,l::I,~:;: ,i j ,.: : ..‘Y::: ..:::: 1:; & Poten$al Exposure . . ..i.; :;:; ,:, ..I ., .. 

Exposed Body Parts 
Fraction of Total (fraction) 

- 
0 

Skin Permeability Rate km/hr) 

-. 
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TABLE 6-6 (CONTINUED) 
MILITARY SERVICEMEN EXPOSED TO FUGITIVE DUST WHILE ENGAGING IN 

NEARBY RECREATIONAL ACTIVITIES 

Exposure Scenario: Exposures to Fugitive Dust 
Casefliming: Current Site Conditions 
Primary Activity: Playing tennis or jogging near Alpha Area 
Exposed People: Military servicemen, 18 - 65 years old 

Ingestion of Sediments:. ‘,;,:.: 1’ ,. 

Ingestion Rate mgfday 

Absorption Factor 
VOCs, PAHs (fraction) 
Other SVOCs (fraction) 
Lead (fraction) 
Other lnorganics (fraction) 

Dermal Absorption of Sediments:. .. 

Sediment Adherence 

Exposed Body Parts 
Fraction of Skin Area Exposed 

Absorption Factor 
vocs 
svocs 
lnorganics 

Ingestion of Surface Water: 

mg/cm2 

(fraction) 

(fraction) 
(fraction) 
(fraction t 

Ingestion Rate I/day 

Absorption Factor 
vocs (fraction) 
svocs (fraction) 
lnorganics (fraction) 

Dermal Absorption of Surf&e Wafer:::.:.. .’ ’ 

Exposed Body Parts 
Fraction of Total (fraction) 

Skin Permeability Rate (cm/hr) 

DRAFT IR STUDY NSB-NLON 

Variable Units Values Notes & References 

No Potenti& Exposure 

0 

1 EPA, 1989b 
0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

No Potential Exposure 

0 

0 

0.50 EPA, 1989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 

No Potential Exposure 

0 

; .’ 

. . . 

1 EPA, 1989b 
1 EPA, 1989b 
1 EPA, 1989b 

’ :.. :, No Potential Exposure :. 

0 
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TABLE 6-7 - 
GROTON/LEDYARD RESIDENTS EXPOSED TO FUGITIVE DUST 

Exposure Scenario: Exposures to Fugitive Dust 
Case/Timing: Current Site Conditions 
Primary Activity: Living in Area 

eed People: mard Residents 

Variable Units Values Notes & References 

Physical Attributes of Population: -_ 
Average Bodyweight kg 70 EPA, 1989a 
Average Lifetime years 70 Assumed 
Total Skin Area cm2 19400 EPA, 1989a - 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

hours/day 24 
days/year 350 
years 30 
days 365 

EPA 1991 Default 
upper bound at one residence 
Standard 

Ingestion Rate mg/day 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

Soil Adherence mgfcm2 0 

-- 
Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

0.50 EPA, 1989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 

-_ 
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TABLE 6-7 (CONTINUED) 
GROTON/LEDYARD RESIDENTS EXPOSED TO FUGITIVE DUST 

Exposure Scenario: 
CaseIlTming: 
Primary Activity: 
Exposed People: 

Exposures to Fugitive Dust 
Current Site Conditions 
Living in Area 
Grotonfledvard Residents 

Variable Units Values Notes & References 

Inhalation of Air: 

Inhalation Rate m3/?tr 0.8 

PM 10 Concentration mgJm3 

Absorption Factor 
vocs, svocs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 

Ingestion of Groundwater: 

Ingestion Rate I/dav 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

Oermal Absorption of Groundwater: 

Exposed Body Parts 
Fraction of Total (fraction) 

Skin Permeability Rate (cm/hr) 

DRAFT IR STUDY NSB-NLON 

0.004 

1 EPA, 1989b 
0.42 EPA, 1989~ 

1 EPA, 1989b 

Potential Exposure 
fugitive dust 
Default, EPA 1991 

Hanna et al 1982 

Not Associated with Site 

0 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

Not Associated with Site 

0 
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TABLE 6-7 (CONTINUED) 
GROTON/LEDYARD RESIDENTS EXPOSED TO FUGITIVE DUST 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: P 

Exposures to Fugitive Dust 
Current Site Conditions 
Living in Area 
Grotonfledyard Residents 

_. 

4 

Variable Units Values Notes & References 

.:.: : ,,... ,,,::.... -2::::. > .?:.I.> i,.,, ::“:..‘:.:...::.,~~:“.:. . . . . . . :.:: y . . . . . . lfi#esth *$ S*d!irrentt’:I’.~::::.li:::-l,::~ ,::,.: :;~:ii,iil:_:ii:I~~~~~~~~~:~~~..’ .:. :.~‘~,,i:i’r’:,r~~~~ x i r,‘;:; : :. yNo yq*nt,al Exposure ‘< : : : :;Tj/ :, _ 
.,.,., . . . ..,.................,..... . . . . . . . . . . . . . . : ,.,.. ,. . ., .,.,.. ..,., . . . . . . . . 

Ingestion Rate 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

mgiday 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

0 
., 

1 EPA, 1989b 
0.3 EPA, 1989b - 

0.3 Value for Adults; EPA, 1989b 
1 EPA, 1989b 

- 

Sediment Adherence mglcm2 0 i 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 0 - 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

0.50 EPA, 1989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 

- 

Ingestion of ‘SuffacS Water: ,,, .,l. .‘.i:::.‘... .:,,,,’ .r,:,,,‘iI;: . ‘... No Potential Exposure 

Ingestion Rate I/day 0 _- 

Absorption Factor ,- 

vocs (fraction) 1 EPA, 1989b -. 

svocs (fraction) 1 EPA, 1989b 
lnorganics (fraction) 1 EPA, 19891, 

- 

Exposed Body Parts 
Fraction of Total (fraction) 

,- .” 

0 

Skin Permeability Rate km/hrl 
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TABLE 6-8 
CITIZENS ATTENDING CAR AUCTIONS IN DEPLOYED PARKING 

Exposure Scenario: 
Case/Timing: 
Primacy Activity: 
Exposed People: 

Exposures to Soil and Fugitive Dust 
Current Site Conditions 
Attending Public Car Auctions in Deployed Parking Areas 

Variable Units Values Notes & References 

Physical Attributes of Population: 
Average Bodyweight 
Average Lifetime 
Total Skin Area 

kg 
Years 
cm2 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

hours/day 
days/year 
years 
days 

ingestion of Soil: .:. : 

Ingestion Rate mg/dav 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

Dermal Absorption of Soil: 

Soil Adherence mg/cm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

DRAJ?I’ IR STUDY NSB-NLON 

70 EPA, 1989a 
70 Assumed 

19400 EPA, 1989a 

2.5 2hrs to preview;4 hrs actual auction 
24 18dayspreview;Gdays/year actual auction 
30 upper bound at one residence/employment 

365 Standard 

: Potential Exposure 

100 EPA, 1989b 

1 EPA, 1989b 
0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

Not Sufficient Exposure Pathway 

0 

0 

0.50 EPA, 1989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 
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TABLE 6-8 (CONTINUED) 
CITIZENS ATTENDING CAR AUCTIONS IN DEPLOYED PARKING 

Exposure Scenario: 
Case/Timing: 
Primwy Activii: 

Exposures to Soil and Fugitive Dust 
Current Site Conditions - 
Attending Public Car Auctions in Deployed Parking Areas 

Variable Units Values Notes & References 

Inhalation Rate m3/hr 2.5 
fugitive dust 
EPA, 1989a assuming moderate excercise - 

PM1 0 Concentration mgIm3 0.018 EPA, 1989 Air Ouality in New England’ 
- 

Absorption Factor 
vocs, svocs 
Lead 
Other lnorganics 

(fraction) 1 EPA, 3989b 
(fraction) 0.42 EPA, 1989~ 
(fraction) 1 EPA, 1989b 

Ingestion Rate I/day 0 

Absorption Factor 
vocs (fraction) 1 EPA, 1989b i 

svocs (fraction) 1 EPA, 1989b 
lnorganics (fraction) 1 EPA, 1989b 

,4- 
. . . . . . 

DermalJbsorption~~of G&i&&&ite& ,.. 
“’ .:. 

:: .:::; :.,: ;, : :. I;;: j :’ ;., 
.; .;. 

:, : 6jo .Potential. Exposure j 

Exposed Body Parts 
Fraction of Total (fraction) 

- 

0 

Skin Permeability Rate (cmlhr) - 
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TABLE 6-8 (CONTINUED) 
CITIZENS AlTENDING CAR AUCTIONS IN DEPLOYED PARKING 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: 

Exposures to Soil and Fugitive Dust 
Current Site Conditions 
Attending Public Car Auctions in Deployed Parking Areas 
Citizens 

Variable Units Values Notes & References 

Ingestion of Sediments: No Potential Exposure 

Ingestion Rate mgldav 0 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

1 
0.3 
0.3 

1 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 
EPA, 1989b 

Oermal Absorption of Sediments:, No Potential Exposure 

Sediment Adherence mgIcm2 0 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

0.50 
0.05 
0.01 

EPA, 1989b 
EPA, 1989b 
Negligible; EPA, 1989b 

Ingestion of Surface Water: No Potential Exposure 

Ingestion Rate I/day 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

Oermal Absorption of Surface Water: 

Exposed Body Parts 
Fraction of Total (fraction) 

Skin Permeability Rate (cm/h4 

DRAFI’ IR STUDY NSB-NLON 

0 

6-33 AUGUST 1991 

No Potential Exposure 



Ground water within Area A contains VOCs and cadmium at levels above ARAR and TBC 
drinking water standard/guidance values, indicating a potential health risk if the water were to be 
consumed. No potable water supply wells exist or are planned by the Navy in the potentially 
affected downgradient area. The Navy owns the land within the potentially affected area. 
Therefore, under existing and projected future land use conditions, no exposure pathway exists for 
human consumption of degraded ground water. The potential effect of ground water discharge on 
surface water quality is evaluated in Section 7.0. 

Area A Wetland 

Since daily human activity is not occurring within the wetland, exposure scenarios were not 
developed. The only possible activity which is associated with this site are the occasional visits by 
on-base children. Children who explore the streambeds within the North Lake recreational area 
might climb up the wooded slopes and investigate the perimeter of the wetland. This potential 
activity was developed into an exposure scenario. 

Area A Downstream Watercourses 

The exposure scenarios for this site are presented in Tables 6-9 to 6-12 and include: 

. Subase Children Exploring the Woods within Area A Wetland, Landfill and 
Downstream Watercourses; 

-. 

- 

- 

- 

. Subase Children Exploring Streambeds and Area A Wetland; 

. Subase Children Swimming in North Lake; 

. Utility Worker Repairing Utility lines in Area A Downstream Watercourses; - 

Young children living at NSB-NLON were selected for assessment of health risks associated 
with living and playing onsite. This population group is considered to be more sensitive than adults 
(their parents) and, thus, examining risks to children provides a conservative approach to assessing 
risks to onsite residents. The factors that make children more sensitive or vulnerable to risks 
include: 1) their activity patterns, and 2) smaller body size. Both factors will make them more 
likely to encounter contaminants and will result in larger doses on a per body weight basis. The 
six to nine year old age group represents the age group in the exposure scenarios that pertain to 
children. Junior officers and their,families live on the Subase and the ages of their children would 
typically fall into this age group. A junior officer’s tour of duty is three years, but at the request 
of the EPA Region I Superfund Health Risk Assessment Department, six years was used as the 
average lifetime exposure for Subase children in case their parents remained at the base. The six 
year estimate for the exposure period was also used for exposure scenarios pertaining to naval 
servicemen working on base. 

An activity that has raised health concerns in this area involves the use of North Lake area 
for swimming and playing. Thus, an exposure scenario for this activity was developed for children 
that might use the area on a regular basis for swimming and playing. The frequency of this activity 
was determined through telephone conversation with Pat Russak, who is the Naval swimming 
manager. 

- 

-_ 

- 
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TABLE 6-9 
SUBASE CHILDREN EXPLORING THE WOODS 

- 

k 

I*r 

F--p. 

Exposure Scenario: Exposures to Surface Soil 
CaseKiming : Current Site Conditions 
Primary Activii: Exploring in woods (North Lake, Area A Landfill, Wetlands) 

Crs old living on subase 

Variable 

Physical Attributes of Population: 
Average Bodyweight 
Average Lifetime 
Total Skin Area 

Units 

kg 
years 
cm2 

Values 

25 
70 

930 

Notes & References 

EPA, 1989a mean age 7 < 8 years 
Assumed 
EPA, 1989a mean age 6 c 9 years 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

hours/day 2 Assumed 
days/year 56 Assumed 7 monthsiyr: 2 dayslwk 
years 6 Assume Reassigned Tour of Duty 
days 365 Standard 

Ingestion Rate mglday 200 EPA, 1989b 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 1 EPA, 1989b 
(fraction) 0.3 EPA, 1989b 
(fraction) 0.3 Value for Adults; EPA, 1989b 
(fraction) 1 EPA, 1989b 

Soil Adherence mglcm2 0.5 EPA, 1989b 
L 

Exposed Body Parts arms, hands, head 
Fraction of Skin Area Exposed (fraction) 0.3 EPA, 1989a age 9 < 10 years 

*-r 

Absorption Factor 
vocs (fraction) 0.5 EPA, 1989b 

0 svocs (fraction) 0.05 EPA, 1989b 
lnorganics (fraction) 0.01 Negligible; EPA, 1989b 
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TABLE 6-9 (CONTINUED) 
SUBASE CHILDREN EXPLORING THE WOODS 

- 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 

- 

Exposures to Surface Soil 
Current Site Conditions 
Exploring in woods (North Lake, Area A Landfill, Wetlands) - 

years old living on subase 

Variable Units Values Notes & References 

Inhalation of A&: 

Inhalation Rate m3/hr 

PM 10 Concentration mgJm3 

Absorption Factor 
vocs, svocs 
Lead 
Other lnorganics 

Ifraction) 
(fraction) 
(fraction) 

Ingestion of droundwater: 

Ingestion Rate I/day 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

Dermal Absorption of Groundwater: 

Exposed Body Parts 
Fraction of Total (fraction) 

3.2 

0.018 

1 
0.42 

1 

0 

0 

Potential’Exposure 
(fugitive dust) 
EPA, 1989a age 10 moderate activity 

EPA 1989 Air Quality in New England 

EPA, 1989b 
EPA, 1989~ 
EPA, 1989b 

&fo Potential Exposure 

- 

-_ 

- 

-. 

-. 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

-,. 

No Potential Exposure 
- 

- 

Skin Permeability Rate (cm/hr) 

- 
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TABLE 6-9 (CONTINUED) 
SUBASE CHILDREN EXPLORING THE WOODS 

Exposure Scenario: Exposures to Surface Soil 
Casemming: Current Site Conditions 
Primary Actlvlty: Exploring in woods (North Lake, Area A Landfill, Wetlands) 

mle: You-en from 6-vears old living on subase 

Ingestion Rate mglday 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

...... .: .~.;;.:...;y ‘..; .: ...... : ... :* .... .:.:y:. ..::...:::::.:.:i: +:.: 
............................... 

:::, 
....... ....... 

.;: pgkd ,&sorpt~~ of ‘$&&&;.;,:;e, i’~,:-:~li:i:“i-‘:.~~:~::~~.,~:“: : ....... .... . .: : :I ::: .... 

Sediment Adherence mg/cm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

Ingestion Rate I/day 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

Exposed Body Parts 
Fraction of Total (fraction) 

Skin Permeability Rate (cm/hr) 

DRAFI’ IR STUDY NSB-NLON 

:..: 
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0 

1 EPA, 1989b 
0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

0 

0 

0.5 EPA, 1989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 

: ” “:I& Potential Exposure 

0 

1 EPA, 1989b 
1 EPA, 1989b 
1 EPA, 1989b 

., .f:. .>..:I’: .‘.:..‘,. :. .::.. :.. .: .,., 

..:.:: ; : . . ._ No Potentral Exposure. .: 4 . . :.. :: . . . 

0 
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TABLE 6-10 
SUBASE CHILDREN EXPLORING STREAMBEDS AND AFtEA A WETLAND 

Exposure Scenario: Exposures to Sediments 
Case/Timing: 
Primary Activity: 
Exposed People: 

Variable Units 

Current Site Conditions 
Exploring streambds and Area A wetland 
Young children from 6-9 years old living on subbase 

Values Notes & References 

- 

^- 

Physical Attributes of Population: 
Average Bodyweight 
Average Lifetime 
Total Skin Area 

kg 25 
years 70 
cm2 930 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

hours/day 2 
days/year 28 
years 6 
days 365 

Ingestion of Soil: 

Ingestion Rate mg/day 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

Dermal Absorption of Soil: 

Soil Adherence mgIcm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

0 

1 
0.3 
0.3 

1 

0 

0 

0.5 
0.05 
0.01 

EPA, 1989a mean age 7 < 8 years 
Assumed 
EPA, 1989a mean age 6 < 9 years 

Assumed 
Assumed 7 months&r: 1 dayslwk 
Assume Reassigned Tour of Duty 
Standard 

No Potential Exposure 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 
EPA, 1989b 

No Potential Exposure 

EPA, 1989b 
EPA, 1989b 
Negligible; EPA, 1989b 

- 

- 

- 

- 

- 
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TABLE 6-10 (CONTINUED) 
SUBASE CHILDREN EXPLORING STREAMBEDS AND ARJZA A WETLAND 

Exposure Scenario: Exposures to Sediments 
Case/Timing: Current Site Conditions 
Primary Activity: Exploring streambds and Area A wetland 
Exposed People: Voungse 

Variable Units Values Notes & References 

Inhalation Rate m3/hr 0 

PM 10 Concentration mglm3 0 

Absorption Factor 
vocs, svocs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
0.42 EPA, 1989~ 

1 EPA, 1989b 

Ingestion Rate I/day 0 

Absorption Factor 
vocs 
svpcs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
1 EPA, 1989b 
1 EPA, 1989b 

Ddrmal Absorption of’&oon&&er: 
. . 

: .. No Potential Exposure 

Exposed Body Parts 
Fraction of Total (fraction) 0 

Skin Permeability Rate (cm/hr) 
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TABLE 6-10 (CONTINUED) 
SUBASE CHILDREN EXPLORING STREAMBEDS AND AREA A WETLAND 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: 

Exposures to Sediments 
Current Site Conditions 
Exploring streambds and Area A wetland 
Young children from 6-Q years old living on subbase 

- 

Variable Units Values Notes & References 
- 

Ingestion of Sediments: : 

Ingestion Rate mglday 200 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
0.3 EPA, 1989b 
0.3 V&e for Adults: EPA, 1989b 

1 EPA, 1989b 

Dermal Absorption of Sediments: 

Sediment Adherence mgIcm2 0.5 EPA, 1989b 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 1 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

0.5 EPA, 1989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 

Ingestion of Surface Water: 

Ingestion Rate I/day 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

Dermal Absorption of Surface Water:. . . 

Exposed Body Parts 
Fraction of Total (fraction) 

Skin Permeability Rate (cm/hr) 
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Potential Exposure - 

EPA, 1989b 

Potential Exposure 

entire body 
EPA, 1989a 

Not Sufficient Exposure Pathway 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

Not .Sufficient Exposure Pathway 

- 

- 

- 

- 
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TABLE 6-11 
SUBASE CHILDREN SWIMMING IN NORTH LAKE 

Exposure Scenario: 
C8seKiming: 
Primary Activii: 

Exposure to North Lake Surface Water and Sediment 
Current Site Conditions 
Swimming in North Lake 

years old living on Subase 

Variable Units Values Notes & References 

Physical Attributes of Population: 
Average Bodyweight 
Average Lifetime 
Total Skin Area 

kg 
years 
cm2 

25 EPA, 1989a mean age 7 C 8 years 
70 Assumed 

930 EPA, 1989a mean age 6 < 9 years 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

hours/day 
days/year 
years 
days 

4 Assumed 
55 Assumed 11 wks/yr:5 days/wk 

6 Assume Reassigned Tour of Duty 
365 Standard 

Ingestion Rate mg/day 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorgani& 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

..,. . ..“. ‘. .’ Nd Potential Exposure : :. 

Soil Adherence 

Exposed Body Parts 
Fraction of Skin Area Exposed 

Absorption Factor 
vocs 
svocs 
lnorganics 

mglcm2 

(fraction) 

(fraction) 
(fraction) 
(fraction) 

DRAFI’ IR STUDY NSB-NLON 

0 

1 EPA, 1989b 
0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

0 

0 

0.50 EPA, 1989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 
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TABLE 6-11 (CONTINUED) 
SUBASE CHILDREN SWIMMING IN NORTH LAKE 

Exposure Scenario: Exposure to North Lake Surface Water and Sediment 
CaseKimhg: Current Site Conditions 
Primary Activity: Swimming in North Lake 
Exposed People: Young children from 6-Q years old living on Subase 

- 

- 

Variable Units Values Notes & References 

Inhalation of Air: 

Inhalation Rate m3/hr 

No Potential Exposure 

- 
0 

PM 10 Concentration mg/m3 0 - 

Absorption Factor 
vocs, svocs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b - 
0.42 EPA, 1989~ 

1 EPA, 1989b 

Ingestion of Groundwater: No Potential Exposure 

Ingestion Rate l/day 
- 

0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

- 
1 EPA, 1989b 
1 EPA, 1989b 
1 EPA, 1989b - 

Dermal qbsortition of Groundwater: No Potential Exposure 

Exposed Body Parts 
Fraction of Total (fraction) 0 

Skin Permeability Rate (cm/hr) 
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TABLE 6-11 (CONTINUED) 
SUBASE CHILDREN SWIMMING IN NORTH LAKE 

Exposure Scenario: Exposure to North Lake Surface Water and Sediment 
Case/Timing: Current Site Conditions 
Primary Activii: Swimming in North Lake 

C years old living on Subase 

Ingestion Rate mgiday 

Absorption Factor 
VOCs, PAHs (fraction) 
Other SVOCs (fraction) 
Lead (fraction) 
Other lnorganics (fraction) 

~&+:j&&+j,&~~ $edi-tsr, 
. . 

.‘.‘.:\,,;;‘;J;. ;:::.: : .; -:;:::.; 

Sediment Adherence mgIcm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 
vocs (fraction) 
svocs (fraction) 
lnorganics (fraction) 

: . : .( : ., : . . 
: : .:: .Po@niil Exposure 

(includes beach sand 81 North Lake sediment) 
200 EPA, 1989b 

1 EPA, 198913 
0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

. .,, 
Potential Exposure 

0.5 EPA, 1989b 

entire body 
1 EPA, 1989a 

&&&& & s&f& tiaterz :‘. ;,j :: .. :::.., ,I’ ;.;yi,i : 

Ingestion Rate l/day 

Absorption Factor 
vocs (fraction) 
svocs (fraction) 
lnorganics (fraction) 

.., . . . ., _ . ., . . . . . . . . . :.::.. .: . . . . .:: . . : ,:.:. : : ,:, . ,... @j&g~&j~&+ ;ci;+ :su&te .W*t&r: : : : :: .:, : : . . . . . . :., ,, ,:,! I .: ,. j,: ,, .:, .:‘I :,: 

Exposed Body Parts 
Fraction of Total (fraction) 

Skin Permeability Rate (cm/hr) 

0.50 EPA, 1989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 

..-.~Potent&l Exposure 

1.2 EPA, 1989 50ml/hr 

.. 

1 EPA, 1989b 
1 EPA, 1989b 
1 EPA, 1989b 

,; j ,p~t~;&jl~ gxp&isur* 
., 

EPA, 1989a 
1 EPA, 1989a 
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TABLE 6-12 
UTILITY WORKER REPAIRING UTILITY LINES IN AREA A DOWNSTREAM 

WATERCOURSES 

Exposure Scenario: 
Case/Timing: 
Primary Act&ii: 
Exposed People: 

Utility Worker Exposures to Soil, Fugitive Dust and Groundwat 
Current Site Conditions 
Underground Utility Repair in Area A Downstream Watercourses 
Naval Public Works Employees 18-65 years 

Variable Units Values Notes & References 
-- 

Physical Attributes of Population: 
Average Bodyweight 
Average Lifetime 
Total Skin Area 

kg 70 EPA, 19898 
years 70 Assumed 
cm2 19400 EPA, l989a 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

hours/day 8 
days/year 1 
years 20 
days 365 

Ingestion of SOP:. 

Ingestion Rate mgfday 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

1 
0.3 
0.3 

1 

Dermal Absorption of Soil: 

Soil Adherence mgfcm2 0.5 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 0.19 

Absorption Factor 
vocs 
svocs 
lnorganics 

, 

(fraction) 0.50 EPA, 1989b 
(fraction) 0.05 EPA, 1989b 
(fraction) 0.01 Negligible; EPA, 1989b 
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- 

- 

Assumed 
Estimate from Navy Subbase Stats - 

Assumed for Naval Public Works employee 
Standard 

- 

Potential Exposure 

EPA, 1989b - 

EPA, 1969b 
EPA, 1989b 
Value for Adults; EPA, 1989b 
EPA, 1969b 

Potential Exposure 

- 

- 

EPA, 1989b 

arms, hands, head 
EPA, 1989a 

- 

-^ 

- 

- 

i . 



TABLE 6-12 (CONTINUED) 
UTILITY WORKER REPAIRING UTILITY LINES IN AREA A DOWNSTREAM 

WATERCOURSES 

Exposure Scenario: Utility Worker Exposures to Soil, Fugitive Dust and Groundwatc 
Case/liming: Current Site Conditions 
Primary Activity: Underground Utility Repair in Area A Downstream Watercourse: 

Variable Units Values Notes & References 

Inhalation Rate 

PM 10 Concentration 

Absorption Factor 
vocs, svocs 
Lead 
Other lnorganics 

Ingestion Rate 

Absorption Factor 
vocs 
svocs 
lnorganics 

..,: ,..., . . . . . . . . . . :,:.,.,. ;,; :.:.; ;... ,,.: .:.: :.,..,. ,:: .; ;,. 

.j. ,,; . ...::.:‘:: ‘.. ,, .), 1:: .:.‘.::jj” j.;; :.:,,, ,,,,. ,,; . . . . .,.: . . .:.: ..:.. :. ..,L Ffotmtial E~posurit : 
fugitive dust 

m3/hr 3.9 EPA, 1989a assuming heavy excercise 

mg/m3 0.09 GRI, 1987 

(fraction) 1 EPA, 1989b 
(fraction) 0.42 EPA, 1989~ 
(fraction) 1 EPA, 1989b 

.‘. ,’ .,;. . . Not Sufficient ‘gxposure Pathway 

I/day 0 Assumed 

(fraction) 1 EPA, 1989b 
(fraction) 1 EPA, 1989b 
(fraction) 1 EPA, 1989b 

DON &or&&‘&f (;roundwater:. : “‘. . . . . . . .. :: Pdtential Exposure 

Exposed Body Parts 
Fraction of Total (fraction) 

head, arms. hands 
0.19 EPA, 1989a 

Skin Permeability Rate (cm/hr) 
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TABLE 6-12 (CONTINUED) 
UTILITY WORKER REPAIRING UTILITY LINES IN AREA A DOWNSTREAM 

WATERCOURSES 
- 

Exposure Scenario: 
Case/Timing: 

Utility Worker Exposures to Soil, Fugitive Oust and Groundwater -. 
Currant Site Conditions 

Primary Activity: 
Exposed People: 

Underground Utility Repair in Area A Downstream Watercourse: 
Naval Public Works Employees 18-65 years 

Variable Units Values Notes & References 

Ingestion of Sediments: 

Ingestion Rate mg/day 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other inorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

Dermd Absorption of Sediments: 

Sediment Adherence mglcm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

Ingestion of Surface Water: 

Ingestion Rate I/day 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

Dermal Absor#ion.of Stirfake W&ier: 

Exposed Body Parts 
Fraction of Total (fraction) 

Skin Permeability Rate (cm/hr) 

DRAFT IR STUDY NSB-NLON 

0 

1 
0.3 
0.3 

1 

0 

0 

0.50 
0.05 
0.01 

0 

1 
1 
1 

0 
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Considered in the Exposure to Soils 

- 

EPA, 198913 
EPA, 19891, 

- 

Value for Adults; EPA, 1989b 
EPA, 1989b 

Considered in the Exposure to Soils 

- 

- 

EPA, 1989b 
EPA, 1989b 
Negligible; EPA, 1989b 

No Potential Exposure 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

No Potential Exposure 

-- 

- 

- 

- 

- 



Another exposure scenario within Area A Downstream is Subase children exploring the 
streambeds and ponds. These are the locations where the highest levels of pesticides were observed 
and, therefore, are treated separately in order to provide focus to potential risks associated with 
these conditions. An additional activity for children involves playing in the picnic area. This 
activity was not developed into a scenario because of lack of surface soil data in the area of interest. 
It is expected that exposure in this area would be less than in the other scenarios evaluated for 
children playing in the woods, stream beds, or ponds. 

Utility lines are located six feet below the surface on this site, and, therefore, the potential 
exposure of utility maintenance workers was evaluated. The height of ground water table ranges 
between two to ten feet below the ground. Utility workers might be exposed to ground water 
during excavation. 

Defense Reutilization and Marketing Office (DRMO) 

The following exposure scenarios have been developed for this site and are provided in 
Tables 6-13 to 6-20: 

. Citizens Attending Monthly Public Auctions at DRMO; 

. Citizens Attending Weekly Public Sales at DRMO; 
S 

. / Navy Employees Sorting Scrap Metal; 

. Utility Worker Exposed to Soils and Ground Water in DRMO Under 
Current Conditions; 

- 
. Utility Worker Exposed to Soils and Ground Water in DRMO Under 

Future Conditions; 

. Future Construction of Hazardous Waste Storage Facility; 

. Ledyard Residents Inhaling Fugitive Dust from DRMO; 

A . Subase Children Exposed to Fugitive Dust from DRMO and Area A 
Landfill. 

The migration of VOCs into the buildings within DRMO site was evaluated as a potential 
exposure pathway for employees working in the buildings. This was not considered to be an 
important exposure route under current conditions based on the results of soil, ground water, and 
soil gas sampling, therefore, an exposure scenario was not developed. 

p” 
The DRMO site is visited on a weekly basis by delivery people. State and federal agency 

representatives visit on a more frequent basis. The health risks associated with these visits were 
judged to be small compared to the other DRMO site exposure scenarios evaluated in this risk 
assessment. Therefore, health risks were not quantified for delivery people and state and federal 

-9 representatives. 
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TABLE 6-13 
CITIZENS ATTENDING MONTHLY PUBLIC AUCTIONS AT DRMO 

Exposure Scenario: Exposures to Soil and Fugitive Dust 
Case/Timing: Current Site Conditions 
Primary Activity: Attending Monthly Public Auctions at DAM0 
Exposed People: Citizens 

- 

-. 

Variable Units Values Notes & References -, 

Physical Attributes of Population: 
Average 8odyweight 
Average Lifetime 
Total Skin Area 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

ln&stion of Soil: 

Ingestion Rate mgfday 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

Dermal Absorption of Soil: 

Soil Adherence mglcm2 0 

Exposed Body Parts 
Fraction of Skin Area Exposed 

Absorption Factor 
vocs 
svocs 
lnorganics 

kg 70 EPA, 1989a 
years 70 Assumed 
cm2 19400 EPA, 1989a 

hours/day 2.5 2 hrs per preview/4 hrs per auction 
days/year 24 18 days preview; 6 days/yr auction 
years 30 upper bound at one residence 
days 365 Standard 

(fraction) 
(fraction1 
(fraction) 
(fraction) 

(fraction) 

(fraction) 
(fraction) 
(fraction) 
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Potential Exposure 

EPA, 198913 

1 EPA, 1989b 
0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

Not Significant Exposure Pathway 

0 

0.50 EPA, 1989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 

- 

- 

- 

-. 

- 

- 



TABLE 6-13 (CONTINUED) 
CITIZENS ATTENDING MONTHLY PUBLIC AUtX’IONS AT DRMO 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: 

Exposures to Soil and Fugitive Dust 
Current Site Conditions 
Attending Monthly Public Auctions at DRMO 

Variable Units Values Notes & References 

..:.:.:.,:.:,::..(..::,:::, :.c:.:..j:.: . . . . . . :.:::. . . . . . <:<: :,, “,:. : ‘. .:. jnj$&j$ ,&f,:~~.~ .;,:;y:, ,;;,::j:;:; .;,.’ ‘1,: ..; ::jj ;: i:ii’::, jy;,,I: ,..I T: :‘ji” :‘: ::, j ;j;: : ;. :!j ‘ij~i:r:i~.~~: ~~,::‘i::~:~~Pn~al. Ernure . . ., ,,. : 
. . . . . . . . . . . . . . . . . . . . ,... ., . ,_. ., ., . . . . . . . ., . . . . ..,.. ,... .: ..,.. ..,.. ._.... .,.. . . . . . . . . 

;.‘i, ; ~::i~:;j-:~~~:::::1. :f :; 1:; ,’ 

fugitive dust 
Inhalation Rate m3ihr 2.5 EPA, 1989a, moderate excerise 

PM 10 Concentration mglm3 0.018 EPA, 1989 Air Quality in New England 

Absorption Factor 
vocs, svocs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
0.42 EPA, 1989~ 

1 EPA, 1989b 

...................... .: ................. .‘.A....: .. . :...:. (: ... . . . . .,,::(.:.:,~ ..::.::.)’ ............................................. . . . ......... . .......... : ,,:,:,,,.,.,,:, . ::.,,.:.,‘,:.:,:~ ,,:.,.:,.,: ;, ............................. .; ..:. ( :. :, ..:. 
..::.: ...... . ...... ....... ...... .................... .... .:.:. ...... :.:.: . ...> ,: 

........... 
‘#@?t& .bf$rw&&ty; I 1::::‘; ..:t:lirlI.:i:i;~~~.::::~.:~:~~~ .: ,I: .: ..; .!: :i .;?!:> ;f 

.. .. .. . 
: ::;,;j: jlj in.! :>; ; ;i :I .;; 

.. . ..i . .. .. 
: . . 

.................................................................... 
.; ::+;;: jj ;; ;j:j, ;,N& 

. .: .: 
pet&&j 

.............. 
Exposure 

. ..:. ;:: ::::: ::.: ::.:;: :::.{ .::.,: 
:‘, .:I::::.:’ ::;;;.;:i:>,,;::.:. ... ) ..: 1 : .;. .. . . :: .... :: ...... 

:. 

....................... 

Ingestion Rate l/day 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
1 EPA, 198913 
1 EPA, 1989b 

.,. 
per+ Absoipkik if ‘&ruund&+ .’ ..,.. ,:.’ .: ,,.$ .:I ;:.. ,:., :, :’ No PQtential Exposure . . :,. 

Exposed Body Parts 
Fraction of Total (fraction) 0 

Skin Permeability Rate (cmlhr) 
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TABLE 6-13 (CONTINUED) 
CITIZENS ATTENDING MONTHLY PUBLIC AUCTIONS AT DRMO 

- 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: 

Variable Units 

Exposures to Soil and Fugitive Dust 
Current Site Conditions 
Attending Monthly Public Auctions at DRMO 
Citizens 

Values Notes & References 

Ingestion of Sediments: No Potential Exposure 

Ingestion Rate mg/day 0 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

1 
0.3 
0.3 

1 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 
EPA, 1989b 

Dermd Absorption of Sediments: No Potential Exposure 

Sediment Adherence mg/cm2 0 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction] 

0.50 
0.05 
0.01 

EPA, 1989b 
EPA, 1989b 
Negligible; EPA, 1989b 

Ingestion of Surface Water: No Potential Exposure 

Ingestion Rate I/day 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction1 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

Dermal Absorption of SUrfa& Water: ‘. 

Exposed Body Parts 
Fraction of Total (fraction) 

Skin Permeability Rate (cm/h4 

DRAFI’ IR STUDY NSB-NLON 

0 

6-50 

No Potential Exposure 

- 

- _ 

- 

-- 

-. 

- 
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TABLE 6-14 
CITIZENS A’ITENDING WEEKLY PUBLIC SALES AT DRMO 

- Exposure Scenario: Exposures to Soil and Fugitive Dust 
Casemming : Current Site Conditions 
Primary Activity: Attending Weekly Public Sales at DRMO 

*3 Ejlposed 

F” Variable 

Physical Attributes of Population: 
F Average Bodyweight kg 70 EPA, 1989a 

Average Lifetime years 70 Assumed 
Total Skin Area cm2 19400 EPA, 1989a 

*“I 

Total Exposure Duration: 
Daily Exposure Period hours/day 2 Schedule from DRMO 

F3 Exposure Duration days/year 26 Schedule from DRMO 
Average Lifetime Exposure years 30 upper bound at one residence 
Yearly Averaging Period days 365 Standard 

p” 

Iiig&jiiof ‘$6C:.i.:ili.iili:;::iikii’r:i’. :.:-I:::i::i:I:~~I’.-‘I’:‘:.i,.’ ” ‘.’ ,:,, 1.:. : ,,; ;,.l;,:;;:&:y~. ‘. “j 
..: ., ./. .\. 

.,,,,. ,:.:: :,:,. Potenti& Exposure. .” y ,, .,’ ~,j,~:&~ ,,.‘I i.1: 

F- Ingestion Rate mgiday 100 EPA, 1989b 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

Dermd Absorpti&‘bf&d: ‘I ,:,,:; I,:-: . . .:. .:’ I Not Sufficient Exposure Pathway 
C 

Soil Adherence mglcm2 0 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

111* Absorption Factor 
vocs (fraction) 
svocs (fraction) 

c lnorganics (fraction) 

0 

0.50 EPA, 1989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 
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TABLE 6-14 (CONTINUED) 
CITIZENS ATI’ENDING WEEKLY PUBLIC SALES AT DRMO 

Exposure Scenario: 
CaseiTiming: 
Primary Activity: 
Exposed People: 

Variable Units 

Exposures to Soil and Fugitive Dust 
Current Site Conditions 
Attending Weekly Public Sales at DRMO 
Citizens 

Values Notes & References 

Inhalation of A&z. 

Inhalation Rate 

:. 

PM 10 Concentration 

Absorption Factor 
vocs, svocs 
Lead 
Other lnorganics 

lrigbstion of Groundwater: 

Ingestion Rate 

Absorption Factor 
vocs 
svocs 
lnorganics 

Dermal Absorption of Groundwater: No Potential Exposure 

.‘. 

m3lhr 2.5 

mg/m3 0.018 

(fraction) 1 
(fraction) 0.42 
(fraction) 1 

l/day 

(fraction) 
(fraction) 
(fraction) 

Exposed Body Parts 
Fraction of Total (fraction) 

Skin Permeability Rate (cm/hr) 

Pot&&l Exposure 
- 

fugitive dust 
EPA, 1989a assuming moderate excercise 

- 

EPA, 1989 Air Quality in New England 

EPA, 1989b 
EPA, 1989~ 
EPA, 1989b 

- 

-. 

No Potential Exposure - 

- 

EPA, 1969b 
EPA, 1989b 
EPA, 1969b 

-- 

-- 

0 

- 

- 
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TABLE 6-14 (CONTINUED) 
CITIZENS ATTENDING WEEKLY PUBLIC SALES AT DRMO 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 

Exposures to Soil and Fugitive Dust 
Current Site Conditions 
Attending Weekly Public Sales at DRMO 

Variable Units Values Notes & References 

Ingestion Rate mg/day 0 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

:” No Potential Exposure 

Sediment Adherence mgIcm2 0 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction1 
(fraction) 

0.50 EPA, 1989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 

Ingestion Rate I/day 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
1 EPA, 1989b 
1 EPA, 1989b 

Exposed Body Parts 
Fraction of Total (fraction) 0 

Skin Permeability Rate (cm/hr) 
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TABLE 6-15 - 
DEPARTMENT OF DEFENSE WORKERS SORTING SCRAP METAL 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: 

Worker Exposures to Surface Soil and Fugitive Dust 
Current Site Conditions 
Sorting Scrap Metals 
D.0.D Workers, 18 to 65 years old 

- 

- 

Variable Units Values Notes & References 

Physical Attributes of Population: 
Average Bodyweight 
Average Lifetime 
Total Skin Area 

kg 70 EPA, 1989a 
years 70 Assumed 
cm2 19400 EPA, 1909a 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

hours/day 8 Assumed 
days/year 180 Estimate from Linda McCord 
years 35 Estimate from Linda McCord 

days 365 Standard 

Ingestion of Soil: Potential Exposure 

Ingestion Rate mglday 100 EPA, 1989b 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 1 EPA, 1989b 
(fraction) 0.3 EPA, 1989b 
(fraction) 0.3 Value for Adults; EPA, 1989b 

(fraction) 1 EPA, 1989b 

DermaJ Absorption of Soil: Potential Exposure 

Soil Adherence mgfcm2 0.5 EPA, 1989b 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 0.19 

arms, hands, head 
EPA, 1989a 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

0.50 EPA, 1989b 

0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 
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TABLE 6-15 (CONTINUED) 
DEPARTMENT OF DEFENSE WORKERS SORTING SCRAP METAL 

Exposure Scenario: Worker Exposures to Surface Soil and Fugitive Dust 
Case/Timing: Current Site Conditions 
Primary Activity: Sorting Scrap Metals 

Ejlpossd 0.0.0 Workers, tz years old _I_ 

Variable Units Values Notes & References 

,. ., : ., . . : : ,., ,.. ., . . . . ,.. .(.. . . . . . . . . .,., .; ,. ,. ., ,., ., ., ,. ,. ., . . . . . . . . . . . . ..;.. . . . ...: .A.... -..... . . . . . . . . . ..,.A... :....., . . . ..:. ..i:... +I&@, of A&‘“]: -; ‘, ~.::i”‘i:,‘~:~~:i:i~~,‘,,:i.~;,‘, .: ,,I j:. ::;j: ‘:‘,~~,~~.;:i’~,~“:‘~‘:!.;~j’~~:::~~j~~,~,’:’~~~:~~~~~~~~:~~~n~~~~~~posure ,;:;:“;“i,,;‘;.’ j.;-I’.‘:.::ij:!:.~‘i:ii,i:i:ii:; : 
. . .: ./ ‘.. ,. : :.:. .: .,._.,: ,.,.,. :: . . . ..., . . . . . .._ : : :., .::.:.:::.j;: :...... >. .:. ,::.: . . . ,.:....._. ., 

‘.” 

fugitive dust 
Inhalation Rate m3/hr 2.5 EPA 1991 Default Agriculture setting 

PM 10 Concentration 

Absorption Factor 
vocs, svocs 
Lead 
Other lnorganics 

mglm3 

(fraction) 
(fraction) 
(fraction) 

0.018 EPA 1989 Air Quality in New England 
value from Waterford, CT. 

1 EPA, 1989b 
0.42 EPA, 1989~ 

1 EPA, 1989b 

,_ ,. .; :,. :, . . . . ..“.‘....,‘...:.:.:.:.:::.:.::I.,.:..~.,. ,:, :. :,- : @ge$u of,G;i;~~dwatel:~I,.:i,i--,~~~.:i~; .: : ... . . :. .,:., :..:‘:,::.: :.:. y:,.::::: A::::: :,;::.:..,:,::::.‘.:.~‘. .,I ,. .: ,I. ../i . . ., .. i ... ..,. :,:::; cj ,I. ::y..:: ,, ,:., I :I. .;j., ,:I:;:. :,,., l.. :~:,:.~~.::,x,.,: ‘::.::.;::;: ::,j: .,‘.‘::::::‘::~:‘.~i, p&e,,&i‘E$os&e .:.. ..:..rl; ,,,:,: ;.:..Tj::~ ,,,;, I : 
. . . . . . . . . i . .., . . : ,. 1: ,;,., i:;;;.; y;,:;: ::‘j::),:, ,:‘,;:;.,,i :: :: .:,.:,::,;;:j,: i,.. .‘,I 

Ingestion Rate I/day 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
1 EPA, 1989b 
1 EPA, 1989b 

Exposed Body Parts 
Fraction of Total (fraction) 

Skin Permeability Rate (cm/hr) 
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TABLE 6-15 (CONTINUED) 

DEPARTMENT OF DEFENSE WORKERS SORTING SCRAP METAL 

Exposure Scenario: 
Case/liming: 
Primary Activity: 
Exposed People: 

Worker Exposures to Surface Soil and Fugitive Oust 
Current Site Conditions 
Sorting Scrap Metals 
D.0.D Workers, 18 to 65 years old 

Variable Units Values Notes & References 

Ingestion of Shdiments:: No Potential Exposure - 

Ingestion Rate mglday 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

1 
0.3 
0.3 

1 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 
EPA, 1989b 

Oermal Absorption of Sediments: 
,., 

.: 
; .’ ., : : 

No Potential Exposure 

Sediment Adherence mglcm2 0 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 0.50 EPA, 1989b 
(fraction) 0.05 EPA, 1989b 
(fraction) 0.01 Negligible; EPA, 1989b 

Ingestion of Surface Water: No Potential Exposure 

Ingestion Rate I/day 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 1 EPA, 1989b 
(fraction) 1 EPA, 1989b 
(fraction) 1 EPA, 1989b 

- 

- 

- 

Dermai Absor&k’& Surface Water? ‘.,> ,;, ,, ’ 

Exposed Body Parts 
Fraction of Total (fraction) 0 

No Potential Exposure 

Skin Permeability Rate (cm/hr) 
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TABLE 6-16 
UTILITY WORKER EXPOSED TO SOILS AND GROUND WATER IN DRMO UNDER 

CURRENT CONDITIONS 

Exposure Scenario: Utility Worker Exposures to Soil, Fugitive Dust and Groundwa 
Case/Timing: Current Site Conditions 
Primary Activity: Underground Utility Repair in DRMO 

tiExpo& Naval Public Works Employees 18-65 years 

Variable Units Values Notes & References < 

Fr 

- 

R 

C 

c) 

Physical Attributes of Population: 
Average Bodyweight ko 70 EPA, 1989a 
Average Lifetime years 70 Assumed 
Total Skin Area cm2 19400 EPA, 1989a 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

hours/day 8 Assumed 
days/year 1 Will vary with each site 
years 20 Assumed for Naval Public Works employee 

davs 365 Standard 

Ingestion Rate mglday loo EPA, 1989b 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 

. (fraction) 
(fraction) 

1 EPA, 1989b 
0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

Soil Adherence mgicm2 0.5 EPA, 1989b 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

arms, hands, head 
0.19 EPA, 1989a 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

0.50 EPA, 3989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 
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TABLE 6-16 (CONTINUED) 
UTILITY WORKER EXPOSED TO SOILS AND GROUND WATER IN DRMO UNDER - 

CURRENT CONDITIONS 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: 

Utility Worker Exposures to Soil, Fugitive Oust and Groundwa - 
Current Site Conditions 
Underground Utility Repair in DRMO 
Naval Public Works Employees 18-65 years - 

4 

Variable Units Values Notes & References - 

Inhalation of Air: 

Inhalation Rate m3/hr 

PM 10 Concentration mglm3 

Absorption Factor 
vocs, svocs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 

Ingestion of Groundwater: 

Ingestion Rate I/day 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction1 

Dtrmal Absorption of Groundwater: 

Exposed Body Parts 
Fraction of Total (fraction) 

0.09 GRI, 1987 _- 

1 EPA, 1989b 
0.42 EPA, 1989~ 

1 EPA, 1989b 

0 

0.19 

Potential Exposure 
fugitive dust and volatiles 
EPA, 1989a assuming heavy excercise 

-. 

- 

No Potential Exposure 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

Potential Exposure 

head, arms. hands 
EPA, 1989a 

Skin Permeability Rate (cm/hr) 

DRAFT IR STUDY NSB-NLON 6-58 AUGUST 1991 
- 



TABLE 6-16 (CONTINUED) 
UTILITY WORKER EXPOSED TO SOILS AND GROUND WATER IN DRMO UNDER 

CURRENT CONDITIONS 

Exposure Scenario: Utility Worker Exposures to Soil, Fugitive Dust and Groundwa 
Case/Timing: Current Site Conditions 
Primary Activity: Underground Utility Repair in DRMO 

Exposed People: .- -Public Worbaioyees 18-65 years 

Variable 

ingestion Rate mgtday 0 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other inorganics 

(fraction) 1 EPA, 1989b 
(fraction) 0.3 EPA, 1989b 
(fraction) 0.3 Value for Adults; EPA, 1989b 
(fraction) 1 EPA, 1989b 

Sediment Adherence mgfcm2 0 

Exposed Body Parts 
Fraction of Skin Area Exposed {fraction) 0 

Absorption Factor 
vocs 
svocs 
inorganics 

(fraction) 0.50 EPA, 1989b 
(fraction) 0.05 EPA, 1989b 
(fraction) 0.01 Negligible; EPA, 1989b 

Ingestion of Surface Water: 
.., 

:. : F :. .., No Potential Exposure 

ingestion Rate i/day 0 

Absorption Factor 
vocs 
svocs 
inorganics 

(fraction) 1 EPA, 1989b 
(fraction) 1 EPA, 1989b 
(fraction) 1 EPA, 1989b 

Exposed Body Parts 
Fraction of Total (fraction) 

Skin Permeability Rate (cm/hr) 
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TABLE 6-17 
UTILITY WORKER EXPOSED TO SOILS AND GROUND WATER IN DRMO UNDER 

- 

FUTURE CONDITIONS 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 

^ Worker Exposures to Soil, Fugitive Dust and Groundwater 
Future Site Conditions 
Underground Utility Repair in DRMO - 

Variable Units Values Notes & References 

Physical Attributes of Population: 
Average Bodyweight 
Average Lifetime 
Total Skin Area 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

kg 
years 
cm2 

70 
70 

19400 

EPA, 1989a 
Assumed 
EPA, 1989a 

hours/day 8 
days/year 1 
years 20 
days 365 

Assumed 
will vary with each site: - 

Assumed for Naval Public Works employee 
Standard 

Ingestion of Soil: Potential Exposure 

Ingestion Rate mg/day EPA, l989b 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other inorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

Dermai Absorption of Soil: 

Soil Adherence mg/cm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 
vocs 
svocs 
inorganics 

(fraction) 
(fraction) 
(fraction) 

100 

1 
0.3 
0.3 

1 

0.5 

0.19 

0.50 
0.05 
0.01 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 
EPA, 1989b 

Potential Exposure 

EPA, 1989b 

arms, hands, head 
EPA, 1989a 

EPA, 1989b 
EPA, 1989b 
Negligible; EPA, 1989b 
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TABLE 6-17 (CONTINUED) 
UTILITY WORKER EXPOSED TO SOILS AND GROUND WATER IN DRMO UNDER 

FUTURE CONDITIONS 

Exposure Scenario: Worker Exposures to Soil, Fugitive Dust and Groundwater 
Casdllming: Future Site Conditions 
Primaw Activii: Underground Utility Repair in DRMO 

) Employees 18-65 years 

Variable Units Values Notes & References 

inhalation Rate m3/hr 
fugitive dust and voiatiies 
EPA, 1989a assuming heavy excercise 

PM 10 Concentration mg/m3 0.09 GRI, 1987 

Absorption Factor 
vocs, svocs 
Lead 
Other inorganic8 

(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
0.42 EPA, 1989~ 

1 EPA, 1989b 

$igi+iiii of G~oundwster: I,: i’l’ i .,;,, ,: ..” :,:: “. 1 ,::I ::,,: 
:.. . . . . . . . . . . . . . .:. . .: ,... ,. 

: ti(o Potential Efposuie .. : 
./ ,....., :, . . . . . .: ,.....,,. .:. . . ., :,. :.: ;’ : .,‘. .‘..Y ‘: ,: 

ingestion Rate i/day 0 

Absorption Factor 
vocs 
svocs 
inorganics 

(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
1 EPA, 1989b 
1 EPA, 1989b 

Dermai Absorption of Groundwater:- ’ .:; ,,Potentiai Exposure 

Exposed Body Parts 
Fraction of Total (fraction) 

head, arms. hands 
0.19 EPA, 1989a 

Skin Permeability Rate (cm/hr) 

C 

CS-4 
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TABLE 6-17 (CONTINUED) 

UTILITY WORKER EXPOSED TO SOILS AND GROUND WATER IN DRMO UNDER 
FUTURE CONDITIONS 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: 

Worker Exposures to Soil, Fugitive Dust and Groundwater - 
Future Site Conditions 
Underground Utility Repair in DRMO 
Naval Public Works Employees 18-65 years - 

Variable Units Values Notes & References - 

Ingestion of Sedimente: No Potential Exposure 
- 

Ingestion Rate mg/day 0 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 
EPA, l989b 

-- 

- 

No Potential Exposure -. 

1 
0.3 
0.3 

1 

Dermsl Absorption of Sediinents:..~. 

Sediment Adherence mg/cm2 0 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

- 

0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

0.50 EPA, 1989b 
0.05 EPA, l989b 
0.01 Negligible; EPA, 1989b 

No Potential Exposure Ingestion of Surface Water: 
- 

Ingestion Rate I/day 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

No .Potential Exposure 

Exposed Body Parts 
Fraction of Total (fraction) 0 

-. 
Skin Permeability Rate (cm/hrl 
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TABLE 6-18 
FUTURE CONSTRUCTION OF HAZARDOUS WASTE STORAGE FACILITY 

Exposure Scenario: Worker Exposures to Soil, Fugitive Dust and Groundwater 
Case/Timing: Future Site Conditions 
Primary Activity: Construction of Hazardous Waste Storage Facility 

,ExPo-~ m 

Variable Units Values Notes & References 

Physical Attributes of Population: 
Average Bodyweight kg 70 EPA, 1989a 
Average Lifetime years 70 Assumed 
Total Skin Area cm2 19400 EPA, 1989a 

Total Exposure Duration: 
Daily Exposure Period 
Exposure &ration 
Average Lifetime Exposure 
Yearly Averaging Period 

hours/day 
days/year 
years 
days 

8 Assumed 
80 5 dayslwk for 6 months 

1.5 Estimate given from the Shore Planner 
365 Standard 

Ingestion Rate mgfday 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

Dermal Absorptlon’of Soil: 

Soil Adherence 

Exposed Body Parts 
Fraction of Skin Area Exposed 

(fraction) 1 EPA, 1989b 
(fraction) 0.3 EPA, 1989b 
(fraction) 0.3 Value for Adults; EPA, 1989b 
(fraction) - 1 EPA, 1989b 

.; 
: Potential Exposure 

mgfcm2 0.5 EPA, 1989b 

arms, hands, head 
(fraction) 0.19 EPA, 1989a 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

DRAFT IR STUDY NSB-NLON 

100 EPA, 1989b 

0.50 EPA, 1989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 
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TABLE 6-18 (CONTINUED) 
FUTURE CONSTRUCI’ION OF HAZARDOUS WASTE STORAGE FACILITY - 

Exposure Scenario: Worker Exposures to Soil, Fugitive Dust and Groundwater 
Case/Timing: Future Site Conditions - 

Primary Activity: Construction of Hazardous Waste Storage Facility 
Exposed People: Contracted Construction Worker 

Variable Units Values Notes & References 

Inhalation of Air: 

Inhalation Rate m3/hr 

PM 10 Concentration mg/m3 

Absorption factor 
vocs, svocs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 

Ingestion of Groundwater: 

Ingestion Rate I/day 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

Dermal Absorption of Groundwater: 

Exposed Body Parts 
Fraction of Total (fraction) 

Skin Permeability Rate (cm/hr) 

3.9 

0.09 

1 EPA, 1989b 

0.42 EPA, 1989~ 
1 EPA, 1989b 

0 

0.19 

Potential Exposure 
fugitive dust 
EPA, 1989a assuming heavy excer. 

GRI, 1987 

No Potential Exposure 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

Potential Exposure 

head, arms. hands 
EPA, 1989a 

- 

- 

- 
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TABLE 6-18 (CONTINUED) 
FUTURE CONSTRUCTION OF HAZARDOUS WASTE STORAGE FACILITY 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: 

Worker Exposures to Soil, Fugitive Dust and Groundwater 
Future Site Conditions 
Construction of Hazardous Waste Storage Facility 
Contracted Construction Worker 

Variable Units Values Notes & References 

Ingestion Rate mglday 0 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

1 EPA, 198913 
0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

Sediment Adherence mgIcm2 0 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

0.50 EPA, 1989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 

Ingestion of Surface Water: No Potential Exposure 

Ingestion Rate I/day 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
1 EPA, 1989b 
1 EPA, 1989b 

,. .,. ..,. :.; :, .,... ,,. 2.:: : . ., .: ,, : 
tierma) Absorpii&t of:,8uiifao,q. Water:.- .’ :“, ” 

: .:.. : . ,: .,,,: :;..., ,, . . 
: \ ::J’~,;;.,,:~~~;,~,, j :.., ;‘I’ :.,‘j I’: i.J& Potential’ Ekposure 

Exposed Body Parts 
Fraction of Total (fraction) 0 

Skin Permeability Rate (cm/hr) 
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TABLE 6-19 
LEDYARD RESIDENTS INHALING FUGITIVE DUST FROM DRMO - 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 

Exposures to Fugitive Dust 
Current Site Conditions 
Living in Area 

Variable 

Physical Attributes of Population: 
Units Values Notes & References 

Average Bodyweight kg 70 
Average Lifetime years 70 
Total Skin Area cm2 19400 

EPA, 1989a 
Assumed 
EPA, 1989a 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

IngeStion of Soil:-.- 

Ingestion Rate 

Absorption Factor 
VDCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

Dermal Absorption of Soil: 

Soil Adherence 

Exposed Body Parts 
Fraction of Skin Area Exposed 

Absorption Factor 
vocs 
svocs 
lnorganics 

hours/day 24 
days/year 350 
years 30 
days 365 

. . 

mglday 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

mg/cm2 

(fraction) 

(fraction) 
(fraction 1 
(fraction) 

0 

1 
0.3 
0.3 

1 

0 

0 

0.50 
0.05 
0.01 
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EPA 1991 Default 
upper bound at one residence 
Standard 

,- 

- 

No Potential. Exposure .: 

..- 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 
EPA, 1989b 

- 

No Potential Exposure 

EPA, 1989b 
EPA, 1989b 
Negligible; EPA, 1989b - 

i 
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e-a TABLE 6-19 (CONTINUED) 
LEDYARD RESIDENTS INHALING FUGITIVE DUST FROM DRMO 

- 
Exposure Scenario: Exposures to Fugitive Dust 
CaseKiming: Current Site Conditions 

crar. Primary Activity: Living in Area 
Exposed People: Ledyard Residents 

Vsriable Notes & References 

. . . . . .: . . .,_ . . . . . . :.:.:‘.:.:.:.::.::,‘.‘.:.“.‘,.,..; . . . . . . . . . . . . . . . . . . . . . . . . .:, ..,... . . . . . . ..A : ..A. . . . :: ..:.:..:.:...: .)..:,::.:..........:,..,~~.~,,, “: :... &&j& of Alrt .; yyv&/, ; ,iiiizF ;, i.:I, :;, :..;, ;; ., /:: :::i::!.‘:,;;i: ;: ; .. < .’ .: ., :; :i’):‘jj ~:i~;..:.“~::~~~~~~~~~~~~ “, ,, 
.,.: . . . :.:.::.:.:. :..:. .,.. . . . . . . . . . . :..;...:, . . . . . . :. ::::: ,,...,.,..,.:,...,..,. .:.: ,...\...,.:.......,..... ,.... ,.. 

: :y ~~~~~;~;~;~;:~ i:;: ,,.,1::,:,.,::‘.:“::li:i’:;:‘. ,: . . 
. . .) : ‘:.:.:.F;: :.: ,., :./:. ., :. . . . . . 

fugitive dust 
Inhalation Rate m3/hr 0.8 EPA, 1989 Default 

PM 10 Concentration mg/m3 0.0006 Hanna et al. 1982 

Absorption Factor 
WCS, svocs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
0.42 EPA, 1989~ 

1 EPA, 1989b 

: .:..:: ,:,::: .:.::: ,::.:. j:: :,.::,: .,,,,:; ..:.j::.j~ . . . . .: ,: ~-~::!:,..:::::::,i4 ::i:j.....,:,. :‘j .;:..I :y ‘.,,::‘,::j:‘:‘:::‘:::.:.:.:’ ‘Y.‘.;,:,‘. $&& ‘oi:~~~~~~~~~~~:j ~~c~:~{~;:~:‘~~~~~ i; r; ;il~~~~ I,) I ~ ; ,:: :. j i : .: ;, ::,ii; i +q.. :i:z.;I,c :, i .:L ,.>:-:.:.::::;::.;:i;:::‘: .: -::: . ‘..:,:.:‘- :‘:‘.:iii”.i:.:::..:. “,‘,‘,‘,‘,‘,‘,‘.” :::.,:.:: ‘.’ . . . . .,_,.,_,._. .,. ; ,~ ;,~::;$J,ot &qoqted with Siii ‘. ““.‘.“.’ “.‘.‘.“‘.‘.‘.l”“.‘. ” “.““” .’ ‘,‘~::.L:....:., ,.,., ‘y .:.:,:,,.. . . . . . . :. ,: ‘. ~:I:i:E,.:::.::.:,: . ...::. :..,:.:_ :, . . : .‘. .k : ,.,..., . . 

Ingestion Rate I/day 0 

Absorption Factor 
vocs (fraction) 1 EPA, 1989b 
svocs (fraction) 1 EPA, 1989b 
lnorganics (fraction) 1 EPA, 1989b 

‘bmal &&&& $;~,$yu&q&e~$, ., ( ,. ,. ,. .,. / ::.‘. .... y ij i:. ‘. : ,. i .,,: ,: ..,. ~ :: ‘.,, ,:. :” . .I:,::i:,i,::.:‘:::..:: .;,I:.:.;’ i:... ‘. ,j,,, . .:: :: . . -:: . ,:. ., .: ‘: ., ,&;: :. : Not ...:‘::.l.,:.’ As&&i& :...:..:.:.:.. :. ‘&th Site :. .. ,: ::.. ,::<;:.:-i:‘:~.:y .:..:... ..,: :,:- ..:... ‘.,; .,,. .’ 

Exposed Body Parts 
Fraction of’ Total (fraction) 0 

Skin Permeability Rate km/hrI 

13 
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TABLE 6-19 (CONTINUED) 
- 

LEDYARD RESIDENTS INHALING FUGITIVE DUST FROM DRMO 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: 

Exposures to Fugitive Dust 
Current Site Conditions 
Living in Area 

Variable Notes & References 

Ingestion of Sediments:, 

Ingestion Rate mglday 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

Dermal Absorption of Sediments: 

Sediment Adherence mglcm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

Ingestion of Surface Water: 

Ingestion Rate I/day 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

Dermal Absorption. of Surface Water: 

Exposed Body Pans 
Fraction of Total 

Skin Permeability Rate 

(fraction) 

(cm/hrI 

0 

1 
0.3 
0.3 

1 

0 

0 

0.50 
0.05 
0.01 

0 

1 
1 
1 

0 
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No Potential Exposure 

EPA, 1989b 
EPA, 1999b 
Value for Adults; EPA, 1989b 
EPA, 1989b 

No Potential Exposure 

- 

EPA, 1989b 
EPA, 1989b 
Negligible; EPA, 1999b 

No Potential Exposure 

_- 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

No Potential Exposure 

- 
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TABLE 6-20 
SUBASE CHILDREN EXPOSED TO FUGITIVE DUST FROM DRMO AND AREA A 

LANDFILL 

Exposure Scenario: Exposure to Fugitive Dust from DRMO & Area A Landfill 
Case/Timing: Current Site Conditions 
Primary Activity: Subase Children living in Base Housing 
Exposed People: 0 Youn children from 6-9 ears old livin on Subase 

Variable 

Physical Attributes of Population: 
Average Bodyweight kg 25 EPA, 19891 mean age 7 < 8 years 
Average Lifetime years 70 Assumed 
Total Skin Area cm2 930 EPA, 1989a mean age 6 < 9 years 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

hours/day 24 Assumed 
days/year 350 EPA 1991 Default 
years 6 Assume Reassigned Tour of Duty 
days 365 Standard 

Ingestion Rate mg/day 0 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 1 EPA, 1989b 
(fraction) 0.3 EPA, 1989b 
(fraction) . 0.3 Value for Adults; EPA, 1989b 
(fraction) 1 EPA, 1989b 

Soil Adherence 

Exposed Body Parts 
Fraction of Skin Area Exposed 

Absorption Factor 
vocs 
svocs 
lnorganics 

mgtcm2 

(fraction) 

(fraction) 
(fraction) 
(fraction) 

0 

0 

0.5 
0.05 
0.01 
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TABLE 6-20 (CONTINUED) 
SUBASE CHILDREN EXPOSED TO FUGITIVF, DUST FROM DRMO AND AREA A 

LANDFILL - 

- 

’ Exposure Scenario: Exposure to Fugitive Dust from DRMO 81 Area A Landfill 
Case/Timing: Current Site Conditions 
Primary Activity: Subase Children living in Base Housing -- 
Exposed People: - _ - -~- Young children from 6-9 ears old living on Subase 

Variable Units Values Notes & References 

Inhalation of Air: 

Inhalation Rate m3/hr 

PM 10 Concentration mgtm3 

Absorption Factor 
vocs, svocs 
Lead 
Other lnorganics 

(fraction] 
(fraction) 
(fraction) 

Ingestion of Grwndwater: No Potential Exposure 

Ingestion Rate l/day 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

Dermal Absorption of Groundwater: No Potential Exposure 

Exposed Body Parts 
Fraction of Total (fraction) 

Skin Permeability Rate kmthr) 

0.8 

4.07E-06 

1 
0.42 

1 

0 

Potential Exposure 

EPA, 1991 Default 

Modeled 
-. 

EPA, 1989b 
EPA, 1989~ 
EPA, 1989b 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

*- 

0 
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TABLE 6-20 (CONTINUED) 
SUBASE CHILDREN EXPOSED TO FUGITIVE DUST FROM DRMO AND AREA A 

LANDFILL 

Exposure Scenario: Exposure to Fugitive Dust from DRMO & Area A Landfill 
Casemming: Current Site Conditions 
Primary Activity: Subase Children living in Base Housing 

- Yaungse W=ed People: 

Variable Units Values Notes & References 

. . . . . . . . . ., .., ., ,. . ., ,. .., ; ..,. :.,,: :. ::. : .. 
l&jbi@kt of Sediments: ” 1 ‘,r .. ” 1’ : :,,‘Y:,~:,~~ :. ;.,,.,:.,I: ..” 

.,:,.,.., : ., . .,). . . . . . . . . . . :.v.y.. ,’ “.: ,. 
: 1. .; ; : ;, : : : .; .:, No Potential Exposure 

Ingestion Rate mgiday 0 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

Sediment Adherence mgtcm2 0 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

0.5 EPA, 1989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 

tri&hcii Of Suffacs Water:. ’ No Potential Exposure 

Ingestion Rate I/day 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
1 EPA, 1989b 
1 EPA, 1989b 

: ‘. :y..:....:,::::>. ‘.:.:.:.‘.. :.:. : :;. :.:.:: .;: ..; ,:;:::,: ,,... ,.:::..:::i. ., ,. ::,:: +; :::,: :: ;: . . : :... ., :,; ,::,....... . . . . . . . I ::.:,.,,,., y ,, .; 
~~&Wlldl.~Abriorptioi’t of’8urfeca .water::.., . . . . :‘?: .:i::.;;j.ji,:;.i’;;,‘.: ~;-~;::,:;:jii.:;;.:i .:, :: i.~,:;:.,:ii-:No.Po?entlal Eiposu$e 

., : :. 
/ .,:,.; .. ., .,.. ,/.:. ,:. . .:, . . .:..: .:..,. : i : . . . . 

Exposed Body Parts 
Fraction of Total (fraction) 0 

Skin Permeability Rate 
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Utility lines are buried four to six feet below the surface. Depth of ground water ranges 
from approximately four to eleven feet below the surface. Navy Public Works employees, or 
construction workers may come into contact with soil and ground water through soil excavation. 
Residents close to the DRMO site include Subase children and individuals living near the site. 
They could come into contact with onsite contaminants via transport of fugitive dust generated from 
DRMO as well as from other onsite locations. 

Lower Subase 

Three exposure scenarios involving contact with subsurface soil were developed for the 
Lower Subase (Tables 6-21 to 6-23): 

. Utility Worker Exposures to Soils and Ground Water in Lower 
Subase Vaults; 

. Utility Worker Exposures to Soils and Ground Water in Lower 
Subase; 

. Future Construction of Buildings in Lower Subase. 

Utility maintenance is an ongoing activity within the Lower Subase. During manhole 
inspection, visible oil was observed in some incidences. Enclosed trenches (concrete vaults) contain 
fuel lines, and steam condensate lines. The average depth of trenches are three feet, but some of 
the trenches are seven feet deep. Sediment or water was sometimes observed in the concrete 
vaults. Evidence of water suggests cracks within vaults allowing either seawater or ground water 
intrusion. Some of the utility lines are buried just inches below the ground surface, but others are 
15 feet deep. The ground water table is present between six to ten feet below the surface. 
Therefore, contact with subsurface soil and ground water at depths of 15 feet is possible during 
utility repair and construction. 

A full-time military staff occupies the Lower Subase. Therefore, the possibility of VOCs 
intruding into the buildings and concrete vaults was examined. A soil gas survey was performed 
to confirm the low detection of VOCs in subsurface soil and ground water (Section 4.0). More than 
half of the samples did not detect VOCs, and in most cases only trace to low levels of VOCs were 
found. Based on these findings, inhalation of VOCs by military administrative staff or laborers was 
not considered a potential exposure route and has not been included in the exposure scenarios for 
the Lower Subase. 

Fishing or Shellfishing in Thames River 

Potential risks to individuals who may recreationally fish or shellfish in the Thames River 
are not explicitly considered in this assessment. Information presented elsewhere in this document 
suggests the site may discharge chemicals in ground water and via streams draining the Area A 
region of the site. In general, it is anticipated that these discharges will be diluted greatly by tidal 
mixing in the river. Estimates of near-field dilution suggest that exposure concentrations will be 
quite small. 
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TABLE 6-21 
UTILITY WORKER EXPOSURES TO SOILS AND GROUND WATER IN LOWER SUBASE 

VAULTS 

Exposure Scenario: Exposures to Soil, Fugitive Dust and Groundwater 
Case/liming: Current Site Conditions 
Primary Activity: Utility Repair in Lower Subase vaults 

wovees 18-65 years Exposed People: 

Variable Units Values Notes & References 

Physical Attributes of Population: 
Average Bodyweight 
Average Lifetime 
Total Skin Area 

kg 70 EPA, 1989a 
years 70 Assumed 
cm2 19400 EPA, 1989a 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

hours/day 8 
days/year 3.5 
years 20 
days 365 

Ingestion of Soil: 

Ingestion Rate mg/day 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

Dermal Absorption of Soil: 

Soil Adherence mg/cm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 
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100 

1 
0.3 
0.3 

1 

0.5 

0.19 

0.50 
0.05 
0.01 

Assumed 
Estimate for Naval Subase Stats 
Assumed for Naval Public Works employee 
Standard 

Pot&al Exposure 

EPA, 1989b 

EPA, l989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 
EPA, 1989b 

Potential Exposure 

EPA, 1989b 

arms, hands, head 
EPA, 1989a 

EPA, 1989b 
EPA, 1989b 
Negligible; EPA, 1989b 



TABLE 6-21 (CONTINUED) 
UTILITY WORKER EXPOSURES TO SOILS AND GROUND 

VAULTS 
WATER IN LOWER SUBASE 

Exposure Scenario: 
CaseTTiming: 
Primary Activity: 

Exposures to Soil, Fugitive Dust and Groundwater 
Current Site Conditions 
Utilitv Repair in Lower Subase vaults 

Variable Units Values Notes & References 

Inhalation of Air: 

Inhalation Rate m3/hr 

PM 10 Concentration mgIm3 

Absorption Factor 
vocs, svocs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 

Ingestion of Groundwater: Not Sufficient Exposure Pathway 

Ingestion Rate I/day 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

Dermal Absorption of Groundwater: 

Exposed Body Parts 
Fraction of Total (fraction) 

Skin Permeability Rate (cm/hrl 

0 

0 

1 EPA, 1989b 
0.42 EPA, 1989~ 

1 EPA, 1989b 

0 

0.19 

No Potential Exposure 
VOCs were not detected in soil gas -- 

. - 

- 

EPA, 1989b 
EPA, 1989b 
EPA, l989b 

Potential Exposure 
leakage through walls of some vaults 
head, arms. hands 
EPA, 1989a 

- 

- 
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TABLE 6-21 (CONTINUED) 
UTILITY WORKER EXPOSURES TO SOILS AND GROUND WATER IN LOWER SUBASE 

VAULTS 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: 

Exposures to Soil, Fugitive Dust and Groundwater 
Current Site Conditions 
Utility Repair in Lower Subase vaults 
Naval Public Works Employees 18-65 years 

Variable Units Values Notes & References 

Ingestion of sediments: No Potential Exposure 

Ingestion Rate mg/dav 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

Dermal Absorption of Sedimentsz 

Sediment Adherence mgIcm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction1 

Ingestion of Surface Water: 

Ingestion Rate I/day 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

Dermef Absorption of Surface Water: 

Exposed 6ody Parts 
Fraction of Total (fraction) 

0 

1 EPA, 1989b 
0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

0 

0 

0.50 
0.05 
0.01 

0 

0 

No Potential Exposure 

EPA, 1989b 
EPA, 1989b 
Negligible; EPA, 1989b 

No Potential Exposure 

EPA, 1989b 
EPA, l989b 
EPA, 1989b 

No Potential Exposure 

Skin Permeability Rate (cm/hr) 

, , 
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TABLE 6-22 
UTILITY WORKER EXPOSURES TO SOILS AND GROUND WATER IN LOWER SUBASE 

Exposures to Soil, Fugitive Dust and Groundwater 
Case/Timing: Current Site Conditions 
Primary Activity: Utility Repair in Lower Subase 

--Employees 18-65 years Exposed People: 

Variable Units Values Notes & References 

Physical Attributes of Population: 
Average Bodyweight 
Average Lifetime 
Total Skin Area 

kg 70 EPA, 1989a 
years 70 Assumed 
cm2 19400 EPA, 1989a 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

hours/day 8 
days/year 3.5 
years 20 
days 365 

Assumed 
Estimate from Naval Subase Stats 
Assumed for Naval Public Works employee 
Standard 

Ingestion of Soil: Potential Exposure 

Ingestion Rate mgiday EPA, 1989b 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 
EPA, 1989b 

Dermal Absorption of Soil: 

Soil Adherence mg/cm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Potential Exposure 

EPA, 1989b 

arms, hands, head 
EPA, 1989a 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

100 

1 
0.3 
0.3 

1 

0.5 

0.19 

0.50 
0.05 
0.01 

EPA, 1989b 
EPA, 1989b 
Negligible; EPA, 1989b 
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TABLE 6-22 (CONTINUED) 
UTILITY WORKER EXPOSURES TO SOILS AND GROUND WATER IN LOWER SUBASE 

Exposure Scenario: 
Case/liming: 
Primary Activity: 
Exposed People: 

Exposures to Soil, Fugitive Dust and Groundwater 
Current Site Conditions 
Utilitv Repair in Lower Subase 
Naval Public Works Employees 18-65 years 

Variable Units Values Notes & References 

Inhalation of Air: 

Inhalation Rate m3ihr 

PM 10 Concentration mglm3 

Absorption Factor 
vocs, svocs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 

Ingestion of Groundwater: No Potential Exposure 

Ingestion Rate I/day 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

Dermal Absorption of Groundwater: Potential Exposure 

Exposed Body Parts 
Fraction of Total (fraction) 

Skin Permeability Rate (cm/hr) 

3.9 

0.09 

1 EPA, 1989b 
0.42 EPA, 1989~ 

1 EPA, 1989b 

0 

0.19 

Potential Exposure 
fugitive dust 
EPA, 1989a assuming heavy excercise 

GRI, 1987 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

head, arms. hands 
EPA, 1989a 

DRAFl- IR STUDY NSB-NLON 6-77 AUGUST 1991 



. - 

TABLE 6-22 (CONTINUED) - 
UTILITY WORKER EXPOSURES TO SOILS AND GROUND WATER IN LOWER SUBASE 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 

-_ .- 
Exposures to Soil, Fugitive Dust and Groundwater 
Current Site Conditions 
Utility Repair in Lower Subase - 

Variable Units Values Notes 4% References 

Ingestion of Sediments: 

Ingestion Rate mglday 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

Dermd Absorption of Sediments: 

Sediment Adherence mglcm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

Ingestion of Surface Water: 

Ingestion Rate I/day 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
Ifraction) 

Dermal Absorptidn of S&f&e bhitbif 1’: ,’ .. .: . . 

Exposed Body Parts 
Fraction of Total (fraction) 

Skin Permeabilitv Rate 

0 

1 
0.3 
0.3 

1 

0 

0 

0.50 
0.05 
0.01 

0 

1 
1 
1 

0 

No Potential Exposure 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 
EPA, 1989b 

No Potential Exposure 

EPA, 1989b 
EPA, 1989b 
Negligible; EPA, 1989b 

No Potential Exposure 

- 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

No Potential Exposure 
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TABLE 6-23 
FUTURE CONSTRUCTION OF BUILDINGS IN LOWER SUBASE 

P 

Exposure Scenario: Exposures to Soil, Fugitive Dust and Groundwater 
P- Case/Timing: Future Conditions 

Primary Activity: Construction of Buildings 

F- 
Exposed PeopL ZCansrmction 8” 

Variable Units Values Notes & References 

Phyricd Attributes of Population: 
Average Bodyweight kg 70 EPA, 1989a 
Average Lifetime years 70 Assumed 
Total Skin Area cm2 19400 EPA, 1989a 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

hours/day 
days/year 
years 
days 

8 Assumed 
80 5 days/WC for 6 months 
1.5 Estimate given from the Shore Planner 

365 Standard 

. . . 2. . ...:.., ..y >,..: ;... 
ttig&tiolr :of ssa:,I :j~:~;::‘,:’ :. .‘. { .::‘,; . . ..y.y ;j~~~:iii~~~:: :i’ 

. . . .,Y . . . . . . . . . . . ...‘.. >:_ .:. .::,: .: ,;. . . . ..:.........e 

: .j:: i:.:;..:..: ‘,‘:‘.. 
,:; . . 

. . . . ..,...,. . . : . . ..:..., . . . . . . . . . . . ;. ‘.. .. ,.). .Potential E&sure : ..:..:.:.:.,:.::;:;:. . . ,:‘.:.;.::.. ., ..,., :>: 

Ingestion Rate mglday 100 EPA, 1989b 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 198% 

1 EPA, 1989b 

. . 1,. 
Dermd Absorption of .Soil: .:,!.I ,: :. .. ..: ;., 1.1’ ’ j ,: :’ ,. ,..I Potential’ Exposure 

Soil Adherence mgfcm2 0.5 EPA, 1989b 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 0.19 

arms, hands, head 
EPA, 1989a 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

0.50 EPA, 1989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 
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TABLE 6-23 (CONTINUED) 
FUTURE CONSTRUCTION OF BUILDINGS IN LOWER SUBASE - 

Exposure Scenario: Exposures to Soil, Fugitive Dust and Groundwater 
Case/liming: Future Conditions 
Primary Activity: Construction of Buildings 

- 

Exposed People: Contracted Construction Worker - 

Variable Units Values Notes & References 

Inhalation of Air: 

Inhalation Rate m3/hr 3.9 

PM 10 Concentration mg/m3 0.09 

Absorption Factor 
vocs, svocs 
Lead 
Other lnorganics 

(fraction) 1 EPA, 1989b 

(fraction) 0.42 EPA, 1989~ 
(fraction) 1 EPA, 1989b 

Ingestion of Groundwater: No Potential Exposure 

Ingestion Rate I/day 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

Dermal Absorption of Groundwater: Potential Exposure 

Exposed Body Parts 
Fraction of Total (fraction) 0.19 

Skin Permeabilitv Rate (cmhr) 

Potential Exposure 
fugitive dust 
EPA, 1989a assuming heavy excercise - 

GRI, 1987 
- 

.- 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

head, arms. hands 
EPA, 1989a 

- 

- 

- 
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TABLE 6-23 (CONTINUED) 
FUTURE CONSTRUCTION OF BUILDINGS IN LOWER SUBASE 

Exposure Scenario: Exposures to Soil, Fugitive Dust and Groundwater 
Case/Timing: Future Conditions 
Primary Activity: Construction of Buildings 

Contracted Construction Worker 

Variable Notes & References a 

~~:2~~~~~~~~~~~~~~~ii~~:i;; ;: ;::i ; ;:: i;:; :j ;iSI:;i;;iFi,~~~~~~~~~~~~~~~:~~~~~~~~, ,@Jentrd, Eirposure-, j-i I:; ; 1.1, ;:: ;; i, ,: : .,. ..,. . . . . . . . . . .: . . . . . . . . . ..“.‘.)....~ ~: : . . :.. .,/ ;..>. :...; y ,.,:,.,, .: ..,.:. . 
= .... i.. . . . . . .../ . . . . . . . . . . ., .._ ._..,,,.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,.. : . . . . . ,. .,.,.....,.....................,.,.. 

Ingestion Rate mglday 0 

Absorption Factor 
VOCs, PAHs (fraction) 1 EPA, 1989b 
Other SVOCs (fraction) 0.3 EPA, 1989b 
Lead (fraction) 0.3 Value for Adults; EPA, 1989b 
Other lnorganics (fraction) 1 EPA, 1989b 

.:...: ,..I .:. . . . . . . . . . . . . . . _,., . . . . . ., 
,~“~~~;~~:~s -&mm+..: ::i::,::,j,~:::~‘i”i-:.:‘i,~~,:i,~-:~:.;,I:~iil;:l:i:l;s;,i:ii:r.:~,,::::.:::i~.:I .,,,, :i::i::i:l:,Nq.~tentlat’;Expo~ure-,j””,, :;;;j;,: .,; :;,;;;;;- . . . . .,.. 

. . . . -:, ; ,,....,....: . . . . . :. :.,.:.:.:: _A. . . . .P.. .,:. .::.y’::.:,:.:. 
.:. . . ..!P..~ ..:: . . . ..: .,..., 9 

.,. 
. .v.. . . . . . . . . . . . . . . . . 

Sediment Adherence mgtcm2 0 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 0 

Absorption Factor 
vocs (fraction) 0.50 EPA, 1989b 
svocs (fraction) 0.05 EPA, 1989b 
lnorganics (fraction) 0.01 Negligible; EPA, 1989b 

,@ge+dn Of”‘&facq ,Weter: ,:. ’ I j.:; 1 y .,I ,:.:-,: l:; ~‘~.,~:.$L; ‘~,~~;.y,: ;‘.~:;.;:;,i:;:.:;: No Potential Exposure. . . -I::$:: .:...:i.:.{:j: $,: 
. . . . . . . . :., : . . . . . :..::... 

Ingestion Rate I/day 0 

Absorption Factor 
vocs (fraction) 1 EPA, 1989b 
svocs (fraction) 1 EPA, 1989b 
Inorganic8 (fraction) 1 EPA, 1989b 

:,): .:,: :. ,. . . . . . . .,. . . . . . . . :,.:.:: . . . . . . . . . . 
a###: .~fiiO~~~~~~~~~~~ “%#ai:i: ~~rli;:j:-l:ii:.i:i;iii:;.:;rl:i:i jjiii;.:.i’~i:~~:~,~~~~.~~~~~~~~~~~~~~ pO!qmal Expqsuq ;‘c>. .: ... .-;.>J ;. ;:,+:: L.;;~ ; ; j,: j ,: j: i : .; .j 

. . . .. . . . . .: : :,: :,:,:,:,:,:,.,:,:; :.+ $ :::,:,.:: ::, ,.,. :.:.,.: ;:“‘:;:..~>>:q :.::., ::: :,:: >: : .:.: :::::.::~i.:::l’::::::i::::::~~:...~::~ . . . . :. . .: ;:, :;: .:. :; .. ‘. .:.: : y:. :.‘::. : :::; ;::-:fl ;, :. :i . . 3 ;i::.:;:: ,. ~::::-‘:,::,$+..~ ‘:::; ::. :::,:.:;.:::: ,’ . . .y.. ,‘? 

Exposed Body Parts 
Fraction of Total (fraction) 0 

Skin Permeability Rate (cm/hr) 
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In order to establish if compounds of interest are being bioaccumulated in marine animals 
that might be ingested by humans, it is recommended that this potential exposure route be 
examined directly rather than speculating on the potential for such bioaccumulation. 

The water quality sampling in the river did indicate the presence of elevated manganese 
levels within the Thames River at the outlet of Area A watercourses. The manganese 
concentrations at surface water sample locations (2DSWl2 and 2DSW13) within Thames River 
exceeded the EPA Water Quality Criterion for Manganese (100 ug/l). This human health criterion 
is for the protection of human consumption of marine shellfish. In Section 4.0, the manganese 
concentration at 2DSW12 was detected at 115 ug/l which is slightly above the criterion. At 
2DSW13 manganese was detected at 589 ug/l. These surface water sample locations are 
approximately ten feet away from the discharge points (outfalls) of the Area A Downstream 
Watercourses. Upstream surface water samples in the river, 6SWl and 8SW1, did not contain 
elevated manganese levels. Periodic or continuous discharges from the outfalls may be responsible 
for the localized elevated manganese levels at 2DSW12 and 2DSW13. The human health criterion 
of 100 ug/l was exceed for 13 out of 15 surface water samples within Area A Downstream 
Watercourses as stated in Section 4.0. Further seasonal sampling is suggested at 2DSW12 and 
2DSW13 to identify the source of manganese and verify if a potential health risk is apparent. 
Discussion of the possible source of manganese is presented in Section 4.0. 

6.2.3 Quantification of Exposure 

6.2.3.1 Step I Sites 

Data on chemical concentrations in Step I sites are reviewed to provide a qualitative basis 
for evaluating exposure. 

Construction Battalion Unit (CBU) Drum Storage Area 

- 

- 

- 

- 

- 

- 

- 

Concentrations of compounds at this site do not indicate the presence of contamination that 
might result in exposure. 

.- 

Rubble Fill at Bunker A-86 

The semi-volatile analysis of a surface soil composite sample revealed elevated PAH 
concentrations. The detected PAH concentrations were significantly above ambient PAH levels in 
urban soils (Menzie et al., 1991). The same composited surface soil sample contained a high 
concentration of arsenic (127 ppm); a moderate contamination of methoxychlor (370 ppb) and a 
low concentration of Delta-BHC (42 ppb). However, the detected pesticides are different than 
those pesticides which have been detected at NSB-NLON. These levels of contaminants might 
indicate localized contamination or contamination over a more widespread area. Thus there is 
potential for exposure to contaminants at this site. 

Torpedo Shops 

The Torpedo Shop buildings are not part of the study area. Sampling was limited to septic 
system leaching field. Methylene chloride, acetone and 2-butanone were detected in the subsurface 
soil at this location. These compounds are typically used as solvents and their presence could be 

- 

- 

- 

- 

- 

- 
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associated with torpedo maintenance work. Benzene was detected at a very low level (4 ppb) in 
one subsurface soil sample. Generally low levels of VOCs were detected by soil gas measurements 
within the septic system, except for one location where elevated level were recorded. 

Low levels of PCBs and DDE were detected in two separate locations. Low concentrations 
of VOCs, semi-volatiles and antimony, were detected in subsurface soils near the septic systems 
which are at remote locations with respect to the torpedo shops. Antimony was detected above 
established background levels. 

Only one surface soil sample (well location 7Mwl from a depth of O-2 feet) was collected 
in the former septic leaching field. Surface runoff from the site flows southwest to drainage swales 
and storm sewers located on the south side of Buildings 325 and 450. 

Antimony exceeded USEPA health advisory by 20 times within one ground water monitoring 
well. Several VOCs were detected in the overburden ground water system, but at levels below 
drinking water standards. Their source has not yet been identified. Chlorinated compounds were 
absent in an upgradient bedrock monitoring well (7MWl). 

Utility lines are buried five to six feet below the surface. Therefore, during outside utility 
repair work, exposures to subsurface soil and ground water contaminants are possible. The ground 
water table is approximately five to six feet below the ground surface. 

Goss Cove Landtill 

VOCs were detected in soils and they included toluene (18,000 ppb maximum) and xylene 
(23,000 ppb maximum). None of the test boring or monitoring well locations were directly adjacent 
to the Nautilus museum, but VOCs were detected in landfill material and shallow ground water 
within the parking lot area. VOC constituents detected in ground water included vinyl chloride 
(5 ppb), xylene, ethylbenzene, and toluene. The presence of VOCs in landfill material and ground 
water suggests the potential for the lateral migration of vapors towards the museum. 

d Pes : tides, 4,4’DDE (11,000 ppb maximum) and 4,4 DDT (34,000 ppb maximum) were 
found at elevated levels. Elevated levels of arsenic, silver, lead, cadmium, chromium, and mercury 
were detected in one sample from test boring (8TBl). PAHs were observed at higher 
concentrations in soil than any other site at NSB-NLON. PAH concentrations could be related to 
the landfill material or presence of petroleum contamination. The presence of sub-surface 
contamination indicates the potential for exposure at this site during excavation or construction 
activities. 

The sediment and surface water within Goss Cove has not been sampled. 

Over Bank Disposal Area Northeast (OBDANE) 

Naturally occurring chemicals were observed at ambient levels. Anthropogenic chemicals 
were not found. The potential for exposure seems limited in this area. 

Spent Acid Storage and Disposal Area 

Since the site is paved, the only medium sampled was subsurface soil. Lead contamination 
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was found in subsurface soil. Below four feet from the surface, lead levels decrease with depth. 
The lateral extent of contamination is not well characterized. Based on current laboratory data, 
soil in this area would need to be handled as hazardous waste. 

There is a potential for exposure at this site during soil excavation or construction activities. 

Former Gasoline Station 

No chemical constituents were detected at significant concentrations; all were detected 
below ARAR/TBC values. Since the site is paved, the only activity which offers the potential for 
exposures to subsurface soil is utility work. 

6.2.3.2 Step II Sites 

Analytical data for the Area A Landfill, Over the Bank Disposal Area, DRMO, and the 
Lower Subase were used to develop exposure point concentrations (EPCs) for quantitative risk 
assessment for the scenarios identified in Section 6.2.2. To estimate the range of EPCs 
corresponding to an exposure route, the arithmetic average exposure point concentration of a 
compound of interest within a particular medium was used to represent the nominal case while the 
maximum exposure point concentration was used as an upper bound. Using the average and 
maximum exposure point concentrations, the daily doses through an exposure route were estimated. 
Values reported as non-detected were included in the calculation of the mean concentrations as 
discussed in Section 6.1. 

The EPCs used in the quantitative risk assessment are presented in tables in Appendix E. 
In most cases the concentrations are based on measured values in soil, sediment, or water. 
However, in some cases, values are derived by modeling one or more exposure pathways. Special 
data handling issues or the use of models are described below. 

EPCs for Children Swimming at North Lake 

During sampling conducted on April 24,199O by the Navy, an elevated level of mercury was 
detected in the beach sand of North Lake. However, the presence of mercury was detected only 
once and more recent analyses of the beach sand have not detected mercury. Past sampling is 
discussed in Section 1.0. Table l-6 presents North Lake surface water and sediment/beach sand 
analytical data. 

One surface water and one sediment sample (2DSD/SWlO) within North Lake were 
collected during the most recent sampling round. Surface soil in picnic area, and beach sand were 
not tested around North Lake as part of our sampling effort. Thus, an evaluation of risks is based 
on historical data not collected or analyzed under strict CLP protocols. Tables in Appendix E, 
entitled Historical North Lake Laboratory data, present the results used to derive the surface water 
and sediment exposure point concentrations. Because historical data have been used, the EPCs 
may not reflect current conditions. 

- 

-_ 

-. 

- 

- 

-.. 

- 

EPCs for PAHs in Soils of the Lower Subase 
- 

Semi-volatile compounds were not analyzed for soils of the Lower Subase. Therefore, 
possible PAH content in the soil was estimated using the total petroleum hydrocarbon and 

- 
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fluorescence spectroscopy data (refer to Tables 4-53 & 4-54). Because PAHs are present within 
petroleum products and because oil sheens, visible product and petroleum odors have been 
observed in some manholes along with confirmatory TPH detection in surrounding soil, it is 
reasonable to expect that PAHs are present in the soils. Petroleum product in the soil has been 
characterized as No. 2 and No. 6 fuel oils. Discussion of nature of the petroleum contamination 
is presented in Section 4.13. PAH concentrations in subsurface soil were estimated by applying 
known PAH percentages in No. 6 and No. 2 fuel oils and assuming that the volatile portion of the 
fuel oils is absent (Tables 6-24 to 6-26). The latter assumption is based on very low levels of VOCs 
detected in subsurface soil. 

EPCs in Soil via Fugitive Dust 

Analytical models were used to estimate concentrations of fugitive dusts. These models 
incorporate simplifying assumptions to estimate the EPCs for contaminants associated with 
suspended dusts in air. 

EPCs for Activities Involving Excavation 

C 

p” 

- 

Fugitive dust levels to which the base personnel and independent construction workers are 
exposed were estimated by multiplying an estimated PM10 concentration (0.09 mg/m’) by the mean 
of the soil EPC for the nominal case and by the maximum soil EPC for the upper bound case. 
Only surface soil samples (0 - 2 feet) were used in the calculation of fugitive dust EPCs. The PM10 
designation is defined as the airborne particulate matter that is less than 10 urn in diameter. The 
PM10 measurement is the airborne particulate concentration expressed in mg/m”. A PM10 value 
of 0.09 mg/m3 is used for the soil excavation activities because it is about twice the annual average 
maximum recorded in New England and is also a conservative estimate for a site with limited 
excavation (GRI, 1987). 

P- EPCs Under Ambient Conditions 

F-4 

c” 

ps3 

To assess fugitive dust exposures under ambient conditions an ambient particulate 
concentration (PMlO) was chosen from data presented in a recent USEPA Region I document 
produced by the Ambient Air and Emissions Monitoring Section (1989 Annual Report on Air 
Quality in New England). The nearest air quality monitoring station to NSB-NLON is located in 
Waterford, Connecticut in New London County. The 1989 mean PM10 concentration at this station 
was 0.018 mg/m 3. By using this PM10 value, an overly conservative estimate is derived for the site 
if we assume that all fugitive dust is generated on the site. The estimate is conservative because 
some of the suspended particulate is generated off the Subase and represents the background level. 
Therefore the actual PM10 concentration attributed to routine conditions at the site is less than 
0.018 mg/m’. 

Modeled EPCs at Locations Distant from Sites 

,-=- At locations away from the Step II sites, analytical models were used and applied on a site- 
specific basis. These models incorporate wind rose data for the coastal region of Connecticut. A 
wind rose is a pie chart which displays wind data in terms of percent frequency for direction and 
velocity. Annual wind roses representing the years 1986, 1987 and 1988 at Sikorsky Memorial 
Airport in Stratford, Connecticut were obtained from the Connecticut DEP Air Modeling Division. 
CTDEP air modelers suggested these wind roses as appropriate because this site is coastal. 

I-- 
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TABLE 6-24 
FRESH AND ESTIMATED WEATHERED COMPOSITION OF NO. 2 FUEL OIL 

Fresh 
Materid (11 

Nonvolatile 
Material (2) 

Percent Composition by Weight 
Baturated Compounda 
n-pamffinr 

c1o+c11 
Cl2 
Cl3 
Cl4 
Cl5 
Cl8 
Cl7 
Cl8 
Cl8 
c20 
c21 
c22 
C23 
C24 
c25 
C26 
C27 
C28 
c29 
c30 
c31 
C32 

Isopwaffin8 
1 -ring cyclopardfin8 
2-ring cycloparrffim 
3-ring cycloperaffinr 
+-ring cycloparaffinr 
5-ring cycloparaffinr 
bring cyclopsraffinr 

individual 61.80% 68.60% 

1.16% 
0.84% 
0.96% 
1.03% 
1.13% 
1 .OS% 
0.65% 
0.55% 
0.33% 
0.18% 
0.09% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

22.30% 
17.50% 
9.40% 
4.50% 
0.00% 
0.00% 
0.00% 

Aromatloa 
8anr8na8 

‘Indaner and tstrdinr Indnner and tstrdinr 
Dinaphthenobenzener Dinaphthenobenzener 
Naphthslenes Naphthalanes 
Methy(nsphthalenes Methy(nsphthalenes 
Dimethylnsphthslener Dimethylnsphthslener 
Other nspthslenss Other nspthslenss 
Acenaphthener Acenaphthener 
Acenaphthalenee Acenaphthalenee 
P henenthrener P henenthrener 
Pyrenes Pyrenes 
fluoranthene fluoranthene 
Bsnzanthracene Bsnzanthracene 

,Chryaene Chryaene 
Benzo(s)pyrene Benzo(s)pyrene 
Benzo(8)pyrsne Benzo(8)pyrsne 
Benzothiophenes Benzothiophenes 
Dibenzothiophanes Dibenzothiophanes 
Total semivolstilo aromatic8 t Total semivolstilo aromatic8 t 
Polar Matwlala Polar Matwlala 
ln8olublaa ln8olublaa 

38.20% 

1.070% 
1.148% 
1.260% 
1.171% 
0.725% 
0.613% 
0.368% 
0.201% 
0.100% 
0.wo% 
O.ooo% 
O.wo% 
0.wo% 
O.ooo% 
O.ooo% 
O.ooc% 
O.ooo% 
O.ow% 
O.ow% 
O.ooo% 

24.861% 
19.509% 
10.479% 

5.017% 
O.ooo% 
O.ow% 
O.ooo% 
42.69% 

I Volatile Aromatic portion Volatile Aromatic portion P 

10.30% 
7.30% 
4.80% 
0.20% 
2.10% 
3.20% 
0.40% 
3.80% 
5.40% 
0.00% 

0.004% 
0.004% 
0.wo% 
O.ooo% 
O.wo% 
O.ooo% 
0.90% 
0.00% 

27.60% 

Total = 

8.14% 
5.13% 
0.22% 
2.34% 
3.57% 
0.45% 
4.24% 
6.02% 
0.00% 
0.00% 

0.0041% 
O.owl% 
0.0002% 
O.Oool% 
0.owo% 

1 .W% 
0.00% 

O.ow% 0.000% ‘(3) 

O.ow% 0.000% 

100.00% 
10.30% 

jTotsl assuming volatiler aromatic8 are absent = 09.70% 
(1) Fresh composition ir taken from Oil in the Sea (NAS, 1985) 
(21 Assuming the 21 Fuel oil in the roil ir weather4 and doss not contain volatile fraction @TX). 
(3) Assuming polar materid fraction i8 not volatile 
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TABLE 6-25 
FRESH AND ESTIMATED WEATHERED COMPOSITION OF NO. 6 FUEL OIL 

4 

Fresh Weathered 
Material (1) Material (21 

Percent Composition by Weight 
hurrtod compounds individual 21.10% 
kperoffinr compoundt 

Cl3 0.07% 

Cl4 0.11% 

Cl5 0.12% 

Cl6 0.14% 

Cl7 0.15% 

Cl8 0.12% 

Cl9 0.14% 

c20 0.12% 

c21 0.11% 

c22 0.10% 

C23 0.09% 

C24 0.08% 

c25 0.07% 

c25 0.05% 

C27 0.04% 

C28 0.05% 

c29 0.04% 

c30 0.04% 

c31 0.04% 

C32 0.05% 

lroparaffmr 5.00% 

1 -ring cycloparaff ins 3.90% 

24ng cycloparaffinr 3.40% 

3-ring cyclopareffins 2.90% 

king cyelopsraffins 2.70% 

5-ring cycloparaffins 1 .SO% 

S--ring cycloperaffins 0.40% 
_ romatia 34.20% 

8sruenes 1 .SO% 

lndsnss and tetrslins 2.10% 

Dinaphthrnobsnzenss 2.00% 

Msthylnaphthdener 2.50% 

Acenephthener 3.10% 

Acenaphthalenas 7.00% 
Phsnanthrsnes 11.50% 
Pyrsnes 1.70% 

fluorsnthsne 0.02% 
Benzanthracens 0.009% 

Chryssns 0.020% 

Benzo(a)pyrsna 0.004% 

8enzo(8)pyren8 0.001% 

Bsnzothiophsnes 1.50% 

Dibenzothiophsnes 0.70% 
Totd smnivolatils aromatics I 30.30% 
Pdw YatsriaJs 30.30% 
lmohJblos 14.40% 

Totd = 100.00% 
Volatile Aromatic portion = 3.90% 

Totd sssuming volatilsr arometies are sbssnt = 96.10% 

f 1) Fresh composition is taken from Oil in the Sea (NAS, 1985) 

(2) Assuming the 61 Fud oil in the soil is weathered and does not contain volatile frpation @TX). 

(3) Assuming polar matsrid fraction iq not volatile 

21.96% 

0.073% 

0.114% 

0.125% 

0.146% 

0.155% 

0.125% 

0.148% 

0.125% 

0.114% 

0.104% 

0.094% 

0.083% 

0.073% 

0.052% 

0.042% 

0.052% 

0.042% 

0.042% 

0.042% 

0.052% 

5.203% 

4.058% 

3.538% 

3.018% 

2.810% 

1.977% 

0.410% 

35.69% 

2.19% 

2.08% 

2.71% 

3.23% 

7.28% 

12.07% 

1.77% 

0.0250% 

0.0094% 

0.0204% 

0.0046% 

0.0010% 

1.58% 

0.73% 

31 .S3% ‘(3) 

14.98% 
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TABLE 6-26 
ESTIMATED PAH ASSOCIATED WITH FUEL OIL CONTAMINATION 

IN THE LOWER SUBASE 

- 

-. 

- 

[Dinaphthenobenzenes 2.081% 
Naphthalenes 

Methylnaphthalenes 
Dimethylnaphthalenes 

Other napthalenes 

Acenaphthenes 
Acenaphthalenes 
Phenanthrenes 

Pyrenes 
Fluoranthene 
Benzanthracene 
Chrysene 
Benzo(alpyrene 
Benzo(e)pyrene 
Benzothiophenes 

2.706% 

3.226% 
7.284% 

12.071% 

1.769% 
0.025% 
0.009% 
0.020% 
0.005% 
0.001% 
1.561% 

5.128% 
0.223% 
2.341% 

3.567% 
0.446% 

4.236% 
6.020% 

0.005% 
0.004% 
0.000% 
0.000% 
0.000% 
0.000% 

1.003% 
Dibenzothiophenes 0.728% 

Total PAH % 
Total Estimated PAH cont. = 
Estimated Carcinogenic PAH cont. = 
Estimated Insolubles and Hydrocarbon Con. = 

3.605% 
0.223% 
2.523% 
3.567% 

0.446% 
3.731% 
6.652% 

12.071% 
0.887% 
0.015% 
0.005 % 
0.010% 
0.062% 
0.001% 
1.282% 

0.728% 

35.75% 

total 

114.86 
7.10 

80.40 
113.67 
14.21 

118.89 
211.96 

384.63 
28.26 
0.46 
0.15 
0.33 
0.07 
0.02 

40.85 
23.21 

1139 ppm 

1 pm 
2047 ppm 

3186 
IActual Mean TPH Cont. = 3186 ppm 

- 

-. 

- 

-_ 

-. 

- 

- 
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The sector averaged zero stack height model (Hanna et al., 1982) was used to estimate 
fugitive dust concentrations at various distances and directions from Step II sites where the 
potential for dust generation was present. The model is obtained from a Gaussian plume equation 
by integrating to obtain the total mass horizontally across the plume and then distributing the mass 
entirely within one of the sixteen wind directions. The concentration, which is averaged over a 
sector, is weighted by the frequency with which the wind blows in that direction. Modeling 
parameters used in the fugitive dust calculations and the results are provided in Table 6-27, and 
calculations using the model are provided in Appendix E. 

c 6.2.4 Estimating Average Dailv Doses 

6.2.4.1 Selectiw Reference Values for Exposed Populations 
R 

I==- 

Generally accepted reference values for inhalation rates, body size etc. were used to make 
estimates of dose and to place these estimates on a per unit weight basis. Because these reference 
values are generally accepted they can be helpful when site-specific information is not available. In 
subsequent subsections such information will be provided. Among the most basic reference 
standards used are those for total skin area and body weight. 

C 

All reference values are presented in the exposure scenario tables (Tables 6-3 to 6-23) along 
with citations. 

6.2.4.2 Equations Used to Estimate Average Dailv Doses (ADDs1 

C 
Estimates of doses are presented as Average Daily Doses (ADDS) in tables in Appendix E 

corresponding to the exposure scenarios. The word “dose” has several meanings in toxicology and 
risk assessment. The three most commonly used meanings are: 

. exposure dose - the total amount of a compound that may enter the body 
via ingestion, inhalation, or dermal contact; this dose may also be referred 
to as the administered dose; and it includes material that may be excreted 
or exhaled rapidly. 

. delivered dose - this is the quantity of a compound that reaches a target 
organ (e.g., liver). 

I 
. biologicallv effective dose - this is the quantity of a compound that results 

in an effect at the site of the effect. 

- 
In this document, the meaning of “dose” is the “exposure dose”. Estimating doses involves 

converting estimated exposure point concentrations in the environmental medium to annual average 
doses in units of milligram of compound per day per kilogram of body weight (mg/kg/day). 

Equations (i.e., exposure models) were used to estimate the chronic dose of each Compound 
of Interest, averaged over a year. The information presented in the following subsections generally 
assumes that the concentrations of compounds of interest will remain constant over the exposure 
period, in some cases a lifetime. In the case of organic compounds and many of the inorganics, this 
is a highly conservative assumption. It is well known that the organic compounds will biodegrade 
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TABLE 6-27 
MODELING PARAMETERS FOR FUGITIVE DUST EXPOSURES 

Moan Annual 
Wind Sprrd se&NC.-to-tlrcrptor 

Source Area ScuJrco-to-ftocrptor % of T&TM Wind h Rocrptor Dirrctbn DhtMC@ 
8ourca Rocoptor rq m Dirwstion Blowin@ Toward Racaptor mhec m 

ORMO Subatr Residents 3,181 6.13% 4.65 915 
Area A Landfill Subaso Reridmts 22,259 Southwest 9.47% 5.40 490 

DRMO Off-Site Residents 3,181 North 10.37% 5.47 465 

Arm A Landfill Off-Site Residents 22,259 East 6.73% 5.69 425 
Along Route 12 

Aro8 A Landfill Weapons Canter 22,259 Northwart 6.63% 6.16 240 

! I I I I I I 1 1 I I I 1 I I 



- 

with time in the soil. (Refer to Section 5 Contaminant Fate and Transport.) The concentration 
of a compound decreases with time as expressed by the measured or estimated half-life. The dose 
in such cases would be the integral of the concentration with time curve for the period of interest. 
Other loss mechanisms that might occur include volatilization and photolysis. 

Average Daily Doses (ADDS) of the chemicals from each exposure route and exposure point 
were estimated using standard chemical intake equations and a combination of standard and site- 
specific exposure assumptions. The exposure routes and specific exposure assumptions are provided 
in each exposure scenario table. 

The general form of the ADD equation is as follows: 

ADD = (Total Amount of Chemical Taken In) 
(Body Weight) (Averaging Period) 

W 

P-7 

Two ADDS were calculated for each exposure route: the ADD (year) and the ADD (life). 
The ADD (year) was used to evaluate non-carcinogenic effects. It represents the chemical intake 
during the course of a yearly exposure period and was calculated as the average daily dose over a 
365&y period. The ADD (life) was used to evaluate carcinogenic effects. It represents the 
chemical intake averaged over a lifetime and was calculated as the average daily dose over a 70 year 
lifetime. All doses are estimated in units of mg/kg/day. 

cr* 

C 

Averaging time refers to the exposure period over which a dose level is estimated. The 
exposure period becomes an important consideration because different effects may be manifested 
at, different dose levels and over different Deriods. The issue of averaging time applies primarily 
to those effects for which there may be thresholds. These include non-carcinogenic effects. 
Because potential carcinogens are not considered to have thresholds, any exposure would involve 
some risk. Thus, exposures to potential carcinogens can be expressed as an average lifetime dose. 

The EPA has suggested that, “for assessment of other (than carcinogenic) chronic health 
risks, the long-term concentrations (LTCs) should not necessarily be averaged over a 70-year period 
and for some chemicals it would clearly be incorrect to do so.” Our approach was to average LTCs 
over a one year period for the assessment of non-carcinogenic effects and not to substantially 
reduce an LTC value by averaging over a full lifetime. 

Estimates of ADD are presented in spreadsheet format for each of the exposure scenarios, 
exposure routes, and compounds of interest in tables in Appendix E. 

6.2.5 Uncertainty in Exposure Estimates 

Pm Information presented below depicts sources of uncertainty: 

. , sources of variability in sampling data used to estimate exposures; 

t=-R 
. assumptions that have been made in estimating exposure point 

concentrations; and 
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. limitations and sources of uncertainty associated with fate and transport 
models that were used, for example, fugitive dust, soil gas and ground water 
flow models. 

Based on experience, the following exposure conditions tend to have large degrees of 
uncertainty associated with them. 

. Intrusion of soil gas from surrounding soils into buildings. 

. Transport of fugitive dusts from contaminated sites to offsite or onsite 
receptors near the sites. 

. Transport of compounds of interest via ground water to adjacent offsite 
receptor wells, volatilization into buildings or discharge to surface water 
bodies. 

. Incidental ingestion of soil by site workers and children. 

. Release of vapors during excavations on site. - 

. Migration of non-aqueous phase liquids (petroleum) and gasses. 

. Biodegradation of PAH compounds in shallow and deep soil layers. 

6.3 Toxicitv Assessment - 

This section of the document identifies and organizes information on the health effects of 
site-specific compounds of interest. Dose-response assessment provides one of two major bodies 
of information needed to characterize risks. Information developed in the dose-response 
assessment is combined with information developed in the exposure assessment to estimate risks. 

- 

Evaluation of a compound’s potential for toxicity involves the examination of available data 
that relate its observed toxic effects to doses at which they occur. Generally, there are three 
categories of information that are considered in this part of a quantitative human health risk 
assessment: 

- 

- 

1. Information on the potential for compounds to initiate or promote cancers. 
- 

2. Information on the potential acute or chronic non-cancer effects of 
compounds. 

- 

3. Information on applicable air, surface water, and ground water standards. 

Information that will be utilized to characterize human health risks at a site is summarized 
in Table 6-2. Brief summaries of such information given below make it clear which values (cancer 
potency, reference dose) are being used for the purpose of the risk assessment. 

-. 
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63.1 Toxicitv Assessment for Noncarcinogenic Effects 

Assessment for Non-Carcinogens 

This sub-section provides identifies and organizes information for assessing the 
non-carcinogenic health effects of compounds of interest. All the compounds of interest have the 
potential for effects that are non-carcinogenic in nature. Therefore, when evaluating such effects 
potential carcinogens should be included along with compounds that are typically considered to be 
non-carcinogens. 

The assessment of non-carcinogenic effects is complex. There is a broad interaction of time 
scales (acute, subchronic, and chronic) with kinds of effects. In various risk assessment guidance 
documents, most of the attention has focused on evaluating the consequences of chronic (long term) 
exposure to various compounds. Efforts here have been directed at establishing Risk Reference 
Doses (RfDs) for compounds. 

Acute Effects 

Acute effects are those that occur as a result of short-term exposure to compounds of 
interest. “Short-term” is here defined as exposure periods ranging from less than a day to a few 
days. Naturally, such effects might also be manifested if individuals were exposed on a continual 
basis if the exposure concentration was high enough to result in acute effects. 

Acute exposures and associated effects might occur as a result of the releases of gases or 
dusts during excavation of contaminated soils or waste deposits. Such excavations may be part of 
planned maintenance activities, remedial investigations, or restoration activities. If compounds are 
in sufficiently high concentrations to cause acute effects upon general public exposure, then 
immediate restoration activities should be evaluated. Such an occurrence would be considered to 
constitute an imminent hazard. 

In most cases, acute effects could result from skin or eye contact with “high” levels of vapors 
or with direct contact with raw or highly concentrated materials. There is little data available to 
relate acute toxic effects to specific doses of compound mixtures. 

Subchronic and Chronic Effects 

This sub-section provides information that is used to assess the potential subchronic and 
chronic health effects associated with the presence of compounds of interest at these sites. 
Information presented here can be used to estimate risks using the equations and methods outlined 
in Section 6.2 and 6.4 of this document. The subchronic and chronic effects of compounds of 
interest can be evaluated by reference to: 

. Reference Dose (RfD) values for subchronic and chronic exposures on the 
order of years. 

These values serve as benchmarks for assessing the potential for non-carcinogenic health 
effects. They represent “threshold” health effects values below which no effects are expected. TO 
ensure that these benchmarks are set low enough, uncertainty in the supporting data base is taken 
into account through the application of uncertainty or safety factors. 

DRAFT IR STUDY NSB-NLON 6-93 AUGUST 1991 



The USEPA has published RfD values for some of the compounds of interest. Table 6-28 
provides a summary of these values. The RfD values presented in this table are used in the 
equations for calculating risks in Section 6.4. A RfD is defined in the Integrated Risk Information 
System (IRIS) as an estimate (uncertainty spanning perhaps an order of magnitude) of a daily 
exposure to the human population, including sensitive subgroups, that is likely to be without an 
appreciable risk of deleterious effects during a lifetime. A critical effect refers to the health 
endpoint upon which the reference dose is based. The uncertainty factor contributes as a divisor 
to the dose associated with the critical effect, which is usually a No-Observed-Adverse-Effect-Level 
(NOAEL) or a Lowest-Observed-Adverse-Effect Level (LOAEL). Most uncertainty factors are 
standardized and include: 

. lo-fold factor for extrapolation from animals to humans; 

. lo-fold factor for variability in the human population; 

. lo-fold factor for use of a less-than-chronic study; and 

. 1 to lo-fold factor for extrapolation from a LOAEL. 

The use of ten fold uncertainty factors is traditional. However, there may be situations 
where data support the application of smaller uncertainty factors. There is ongoing research 
directed at the use of physiologically based pharmacokinetics modeling for interspecies 
extrapolation. However, at this time, no specific guidance can be provided on the use of this 
method for developing better extrapolation (from animal to human) values for application to 
compounds of interest. 

Modifying factors also contribute as divisors to the NOAEL or LOAEL and are usually one; 
however, in certain instances, the IRIS review group uses, based on collective professional 
judgment, a modifying factor to further adjust the reference dose. Confidence in the reference dose 
refers to a qualitative judgment of the confidence that the EPA review group had in the quality of 
the critical study, the supporting database, and the reference dose. A “low” confidence designation 
suggests that the reference dose is likely to change as new information becomes available. 

The result of applying various multiples of 10 is that for many compounds the RfD is 
calculated to be a factor of 100 less than the NOAEL and for some (ethylbenzene) as much as a 
factor of 1000 less. 

6.3.2 Toxicitv Assessment for Carcinogenic Effects 

This sub-section provides information that can be used to characterize the carcinogenic 
potencies of compounds of interest. Values for cancer potencies presented in Table 6-28, when 
combined with data on exposure, are used to make quantitative estimates of risk. The EPA’s 
Cancer Assessment Group (CAG) in Washington D.C. is the primary source of information on the 
cancer potencies of selected compounds. 

Cancer Potency Factors Used in Risk Assessment 

A summary of the cancer potency factors that are used in the quantitative risk assessment 

_- 

- 

- 

- 

- 

-_ 

- 
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TABLE 6-28 
TOXICITY VALUES USED FOR RISK ASSESSMENT 

COMPOUND 

VOLATILE ORGANIC COMPOUNDS 

SUBCHRONIC RFDs 
INHALATION INGESTION 

fmg/kg/day) (mg/kg/davI 

CHRONIC RFDs 
INHALATION INGESTION 
(mg/kg/dav) (mg/kg/davl 

Nonchlorinated Aromatics 
Benzene 
Ethylbenzene 
Toluene 
Xylene (total) 
Chlorinated Compounds 
Chloromethane 
1,l -Dichloroethane 
1,2-Dichloroethane 
1,l -Dichloroethene 
Cis-1,2-Dichloroethene (represents trans 
Methylene Chloride 
1,1,2,2 Tetrachloroethane 
Tetrachloroethene 
Trichloroethene 
1 , 1,l -Trichloroethane 
1,1,2-Trichloroethane 
Vinyl Chloride 
Other VOCs 
Acetone 
2-Butanone 
4-Methyl-2-Pentanone 

Carbon Disulfide 

9 E-02 
3E-01 
6E-01 
9E-02 

lE+OO 
lE+OO 
lE+OO 
lE+OO 
9E-01 

lE+OO 
lE+OO 
lE+OO 
3E+OO 
lE+OO 
lE+OO 

a 
d 
e 
e 
a 
e 
e 
e 
a 
e 
e 

lE+OO Q 
9E-01 a 
9E-01 f 
3E-03 a 

SEMIVOLATILE COMPOUNDS 
Noncarcinogenic PAHs 
Acenaphthene 
Acenaphthylene 
Anthracene 
Fluoranthene 
Fluorene 
2-Methylnaphthalene 
Naphthalene 
Phenanthrene 
Pyrene 
Carcinogenic PAHs 
Benzo(a)Anthracene 
Benzo(a)Pyrene 
BenzotbIFluoranthene 
Benzo(g,h,i)Perylene 
Benzo(k)Fluoranthene 
Chrysene 
Dibenz(a,h)Anthracene 
Indeno(l,2,3cdIPyrene 

6E-01 j 
5E-01 h 

3E+OO j 
4E-0 1 i 
4E-01 j 
4E-02 i 
4E-02 i 
5E-01 h 
3E-01 i 

5E-01 h 
5E-01 h 
5E-01 h 
5E-01 h 
5E-01 h 
5E-01 h 
5E-01 h 
5E-01 h 
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2E-01 C 

lE+OO a 
2E-01 a 

4E+OO a 

lE+OO 
lE+OO 
9E-03 
1 E-01 
6E-02 
1 E-01 
1 E-01 
1 E-01 
9E-01 
4E-02 
1 E-01 

a 
d 
a 
a 
a 
e 
a 
e 
a 
a 
e 

lE+OO 
5E-01 
5E-01 
1 E-01 

6E-01 a 
5E-01 h 

3E+OO a 
4E-01 a 
4E-01 a 
4E-02 i 
4E-02 a 
5E-01 h 
3E-01 a 

5E-01 h 
5E-01 h 

5E-01 h 
5E-01 h 

5E-01 h 

5E-01 h 
5E-01 h 
5E-01 h 

2E-01 C 

3E+Ol a 
6E-01 a 
2E-01 a 

1 E-01 
1 E-01 
1 E-01 
1 E-01 
9E-01 
1 E-01 
1 E-01 
1 E-01 
3E-01 
1 E-01 
1 E-01 

a 
d 
e 
e 
a 
e 
e 
e 
a 
e 
8 

1 E-01 
9E-02 
9E-02 
3E-03 

6E-02 j 
5E-02 h 
3E-01 j 
4E-02 j 
4E-02 j 
4E-03 i 
4E-03 i 
5E-02 h 
3E-02 j 

5E-02 h 
5E-02 h 
5E-02 h 
5E-02 h 
5E-02 h 
5E-02 h 
5E-02 h 
5E-02 h 

lE-01 c 
lE-01 a 
2E-01 a 

2E+OO a 

lE-01 a 
lE-01 d 
9E-03 a 
l E-02 a 
6E-02 a 
1 E-02 e 
lE-02 a 
l E-02 e 
9E-02 a 
4E-03 a 
1 E-02 e 

lE-01 a 
5E-02 a 
5E-02 f 
lE-01 a 

6E-02 a 
5E-02 h 
3E-01 a 
4E-02 a 
4E-02 a 
4E-03 i 
4E-03 a 
5E-02 h 
3E-02 a 

5E-02 h 
5E-02 h 
5E-02 h 
5E-02 h 
5E-02 h 
5E-02 h 
5E-02 h 
5E-02 h 
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TABLE 6-28 (CONTINUED) 
TOXICITY VALUES USED FOR RISK ASSESSMENT - 

COMPOUND 

Other Semi-Volatile Compounds 

SUBCHRONIC RFOs CHRONIC RFOs 
INHALATION INGESTION INHALATION INGESTION - 

(mg/kg/dav) f mgkgldavl (mgfkgidav) (mglkgldav) 

bis(2-EthylhexylIPhthalate 
Oi-n-Butylphthalate 
2,4-Oimethylphenol 
4,6-Oinitro-2-methylphenol 
2-Methylphenol 
4-Methylphenol 
Phenol 
Benzoic Acid 
4Chloroaniline 
Oibenzofuran 
2-Nitroaniline 
N-Nitrosodiphenylamine (1) 

PESTICIDES 
4,4’ DOE 
4,4’ 000 
4,4’-DOT 
Beta-BHC 
Endrin 
Endrin Ketone 
Methoxychlor 

PCBs 
Aroclor 1260 
Aroclor 1254 

INORGANICS 
Metals 
Aluminum 
Antimony 
Arsenic 
Beryllium 
Boron 
Cadmium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Zinc 
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2E-02 i 2E-02 a 2E-02 j 
2E-02 k 2E-02 k 2E-02 k 
2E-01 i 2E-01 a 2E-02 j 
5E-01 I 5E-01 I 5E-02 I 

5E-01 i 5E-01 a 5E-02 j 
5E-01 i 5E-01 a 5E-02 i 
6E-01 i 6E-01 a 6E-01 i 

4E+OO i 4E+OO a 4E+OO j 
4E-03 i 4E-03 a 4E-03 j 

4E-03 
1 E-02 

m 
0 

4E-03 m 
1 E-03 0 

5E-04 
5E-04 
5E-04 
3E-03 
5E-04 

5E-03 

4E-03 m 
1 E-02 o 

5E-04 n 
5E-04 n 
5E-04 a 
3E-03 p 
5E-04 a 

5E-04 
5E-04 
5E-04 
3E-04 
3E-04 

5E-03 a 5E-03 

1 E-03 0 1 E-03 o 1 E-03 0 

1 E-03 0 lE-03 o 1 E-03 0 

4E-04 i 4E-04 a 4E-04 i 
1 E-03 i lE-03 a 1 E-03 i 
5E-03 j 5E-03 a 5E-03 i 
9E-02 i 9E-02 a 9E-02 i 
5E-04 i 5E-04 r 5E-04 j 
4E-02 i 4E-02 a 4E-02 j 

5E-04 q 5E-04 q 5E-04 q 
1 E-04 a lE-01 a 1 E-04 a 

9E-05 a 3E-04 a 9E-05 a 

2E-02 j 2E-02 a 2E-02 i 

2E-01 i 2E-01 a 2E-01 i 

, 
._ 

2E-02 a -- 
2E-02 k 
2E-02 a 
5E-02 I - 
5E-02 a 
5E-02 a 
6E-01 a - 

4E+OO a 
4E-03 a 

- 4E-03 m 
1 E-03 o 

- 

5E-04 n 
5E-04 n 

- 5E-04 a 
3E-04 p 
3E-04 a - 

5E-03 a 

- 

lE-03 o 
lE-03 o 

- 

- 

4E-04 a 
1 E-03 a 
5E-03 a - 
9E-02 a 
5E-04 a 
4E-02 a - 

5E-04 q 
lE-01 a - 
3E-04 a 
2E-02 a 

- 2E-01 a 

- 
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TABLE 6.28 (CONTINUED) 
TO~CITY VALUES USED FOR RISK ASSESSMENT 

PI 

b* 

c- 

A 

- 

COMPOUND 

VOLATILE ORGANIC COMPOUNDS 

WEIGHT OF EVIDENCE CARCINOGENIC POTENCY FACTORS 
CLASSIFICATION INHALATION INGESTION 

INHALATION INGESTION fmg/kg/day)-1 (mg/kg/dayl- 1 

Nonchlorinated Aromatics 
Benzene 
Ethylbenzene 
Toluene 
Xylene (total) 
Chlorinated Compounds 
Chloromethane 
1 , 1 -0ichloroethane 
1,2-Oichloroethane 
1 ,1 -0ichloroethene 
Cis-1,2-Oichloroethene (represents trans) 
Methylene Chloride 
1,1,2,2 Tetrachloroethane 
Tetrachloroethene 
Trichloroethene 
1 , 1,l -Trichloroethane 
1,1,2-Trichloroethane 
Vinyl Chloride 
Other VOCs 
Acetone 
2-Butanone 
4-Methyl-2-Pentanone 

Carbon Oisulfide 

A 

C C 
C C 
82 82 
C C 

82 B2 
C C 
B2 B2 
82 82 

C 
A 

SEMIVOLATILE COMPOUNDS 
Noncarcinogenic PAHs 
Acenaphthene 
Acenaphthylene 
Anthracene 
Fluoranthene 
Fluorene 
2-Methylnaphthalene 
Naphthalene 
Phenanthrene 
Pyrene 
Carcinogenic PAHs 
BenzofaIAnthracene 
BenzofalPyrene 
Benzo(b)Fluoranthene 
Bento(g,h,i)Perylene 
Bento(klFluoranthene 
Chrysene 
Oibenzla,h)Anthracene 
Indeno(l,2,3-cd)Pyrene 

82 82 1.7E+OO b 
82 82 6.1E+OO a 
82 82 1.6E+OO b 
0 0 2.5E-01 b 

82 82 1.6E+OO b 
82 82 5.1E-02 b 
82 82 1.3E+Ol b 

82 82 2.7E+OO b 
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A 2.9E-02 a 2.9E-02 a 

C 
A 

6.3E-03 a 
NO a 

9.1E-02 a 
1.2E+OO a 

1.6E-03 a 
2.OE-01 a 
1 .BE-03 a 
1.7E-02 a 

5.7E-02 a 
2.9E-01 a 

1.3E-02 a 
NO a 

9.1E-02 a 
6E-01 a 

7.5E-03 a 
2.OE-01 a 
5.1 E-02 a 
l.lE-02 a 

5.7E-02 a 
1.9E+OO a 

8.8E-01 b 
l.lE+Ol a 
8.5E-01 b 
1.3E-01 b 
8.5E-01 b 
2.7E-02 b 

6.8E+OO b 
2.7E+OO b 

AUGUST 1991 



TABLE 6-28 (CONTINUED) - 
TOXICITY VALUES USED FOR RISK ASSESSMENT 

COMPOUND 

Other Semi-Volatile Compounds 
bis(2-Ethylhexyl)Phthalate 
Di-n-Butylphthalate 
2,4-Dimethylphenol 
4,6-Dinitro-2-methylphenol 
2-Methylphenol 
4-Methylphenol 
Phenol 
Benroic Acid 
4Chloroaniline 
Dibentofuran 
2-Nitroaniline 
N-Nitrosodiphenylamine (1) 

WEIGHT OF EVIDENCE CARCINOGENIC POTENCY FACTORS - 
CLASSIFICATION INHALATION INGESTION 

INHALATION INGESTION (mg/kg/day)-1 (mg/kg/dayl-1 
- 

B2 82 1.4E-02 j 

82 82 4.9E-03 j 

1.4E-02 a 

- 

4.9E-03 a - 

3.4E-01 a _ 
2.4E-01 a 
3.4E-01 a 

- 

PESTICIDES 
4,4’ DDE 
4,4’ DOD 
4,4’-DDT 
Beta-BHC 
Endrin 
Endrin Ketone 
Methoxychlor 

82 

82 

82 3.4E-01 j 
82 3.4E-01 j 
82 3.4E-01 a 

PCBs 
Aroclor 
Aroclor 

1260 
1254 

INORGANICS 
Metals 
Aluminum 
Antimony 
Arsenic 
Beryllium 
Boron 
Cadmium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Zinc 

82 82 7.7E+OO 

82 82 7.7E+OO 

A A 
82 82 

Bl ND 

82 82 ND a ND a - 

A ND 8.4E-01 a ND a - 

- 

7.7E+OO a 
7.7E+OO a - 

- 

5.OE+Ol a NA a - 

8.4E+OO a 4.3E+OO a 

6.1E+OO a ND a - 

- 

DRAFI’ IR STUDY NSB-NLON 6-98 AUGUST 1991 - 



TABLE 6-28 (CONTINUED) 
TOXICITY VALUES USED FOR RISK ASSESSMENT 

NOTES 

a 

b 

C 

d 

e 

f 

g 

h 

i 

j 

k 

1 

m 

n 

0 

Toxicity values taken directly or derived from values provided in: Health Effects Assessment 
Summary Tables, U.S EPA, 1990. 

CPFs for PAHs were developed using the CPFs for benzo(a)pyrene and the relative potency 
factors developed by ICF-Clement and Associates, Inc. 1987. 

RfD values for benzene were selected to reflect the most toxic values for other non- 
chlorinated aromatic compounds. 

1,2-Dichloroethene was assumed to have non-carcinogenic effects similar to those of l,l- 
dichloroethene. 

RfD values were selected for compounds and routes of exposure based on data for other 
chlorinated volatile compounds. 

The ketone 4-methyl-2-pentanone was assumed to have non-carcinogenic effects similar to 
those of the ketone 2-butanone. 

The inhalation RfD for acetone was assumed to the same as the ingestion RfD. 

RfD values for three-ring and higher molecular weight PAH compounds were estimated 
from GRI, 1987 and from available RfD values. 

RfD values for compounds and routes of exposure were assumed to be the same as the RfD 
values for naphthalene. 

RfD values for inhalation were assumed to the same as for ingestion. 

RfD values for di-n-butyl phthalate were assumed to the same as those for bis(Zethy1 hexyl) 
phthalate. 

4,6-dinitro-2-methylphenol was assumed to have noncarcinogenic effects similar to those of 
other methyl phenols. 

2nitroanaline was assumed to be as toxic as 4-chloroanaline. 

RfD values for DDE and DDD were assumed to the same as those for DDT. 

RfD values were selected based on a review of data presented in the ATSDR toxicological 
profiles; values were selected by applying an uncertainty factor of 100 or more to values 
developed from available animal data. 

Beta-BHC was assumed to have toxicity similar to gamma-BHC (lindane). 

An RfD value for lead was developed from the drinking water standard. 

The subchronic RfD for chromium was assumed to be equal to the chronic RfD. 
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-- 
is given in Table 6-28. The values provided in this table are used in the equations provided in 
Section 6.4 for estimating risk. 

As a matter of EPA policy, estimates of the carcinogenic potency of compounds are based 
on the assumption that there are no threshold levels and that the response is linear with dose at 
low levels (at those encountered in the environment). Thus, there is always some calculable level 
of risk at every exposure concentration. 

The “weight of evidence” regarding the potential carcinogenicity of a compound varies as 
a result of variations in the available test data, adequacy of studies, kinds of studies, and observed 
responses. The EPA has established weight-of-evidence categories for characterizing compounds 
(Table 6-29) and these are indicated in Table 6-28. In the subsequent discussion, the weight of 
evidence will be presented for selected compounds of interest. 

The carcinogenic potency of a compound can be expressed in a variety of ways. In this 
document, the potency is expressed as a “potency factor”. The potency factor as calculated by the 
EPA CAG is usually the 95% statistical upper bound on the slope of the dose-response curve in 
the low-dose linear portion as estimated by the multistage linearized model. The response is the 
lifetime risk of cancer in humans as a function of an average daily exposure level (mg/kg/day) 
occurring throughout that lifetime. The slope or potency factor is expressed in units of 
(mg/kg/day)-‘. Cancer potency factors for some of the compounds of interest have been estimated 
by EPA’s Cancer Assessment Group (CAG) and are available in EPA’s Health Effects Summary 
document. 

6.3.3 Uncertainties Related to Toxicitv Information 

- 

- 

- 

- 

One of the difficulties in carrying out dose-response assessments is that the compounds of 
interest occur as complex mixtures with varying composition within and among sites. Information 
on the health effects of individual compounds may not be directly applicable to that compound as 
it exists as part of a complex mixture. However, in the absence of information to the contrary the 
compound-specific information is generally used. 

- 

It is suggested that until methods are developed to directly assess the toxicity of mixtures 
or until information is available on synergy and antagonism among compounds, the toxicity of 
compound mixtures be based on the additive toxicities of the individual compounds. This was done 
for the present analyses. 

Matrix Effects 

Many compounds are known to be strongly adsorbed to the soils or, in the case of metals, 
may be complexed. The “bioavailability” of the compounds in these complex soil media is quite 
different from that for these same compounds when administered in health studies (such as 
laboratory animal research). In many health studies, the pure compound may be fed to the test 
animal in feed or as an oil; in other studies solvent extractions of the compounds may be applied 
to the skin. 

The point is that experimental applications of compounds in laboratory studies do not mimic 
the conditions that occur on sites. Therefore, the “potency” or RfD values that are obtained from 
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TABLE 6-29 
EPA WEIGHT-OF-EVIDENCE 

CATEGORIES FOR POTENTIAL CARCINOGENS 

EPA 
Category 

Group A 

Description 
of Group 

Human Carcinogen 

Description of Evidence 

Sufficient evidence from epidemiologic 
studies to support a causal association 
between exposure and human cancer. 

Group Bl Probable Human 

Group B2 Probable Human 

Limited evidence of carcinogenicity in 
humans from epidemiologic studies. 

Sufficient evidence of carcinogenicity in 
animals, inadequate evidence of 
carcinogenicity in humans. 

Group C Possible Human Limited evidence of carcinogenicity in 
animals; no data for humans. 

Group D Not Classified Inadequate evidence of carcinogenicity in 
animals. 

Group E No Evidence of No evidence for carcinogenicity in at 
least two adequate animal tests or in both 
epidemiologic and animal studies. 
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experimental studies are likely to overestimate the potential health effects of a compound as it 
occurs in a soil medium. The difference between experimental applications and those that occur 
in real world exposures is referred to here as a “matrix effect”. 

The greatest potential for overestimation of health effects involves potential exposure to 
contaminated soils. Health effects associated with direct contact or incidental ingestion of 
contaminated soil is likely to be overestimated if matrix effects are not taken into account. 

Interpretation of RfD 

Because of the margin of safety built into the RfD value, exceedence of the number has no 
immediate meaning with regard to specific health effects, the frequency of effects, or the magnitude 
of effects. However, exceedence of the number should serve as an indicator that the potential for 
unacceptable exposure does exist and precautions should be taken to limit exposure. 

Form of The Compound 

The toxicity of a compound (e.g., chromium) varies depending on the “form” or valence state 
of the compound. Therefore, it may be important that the risk assessor have information on the 
form of the compound present. However, this is very seldom the case because most analytical 
results are presented by reporting only total detected quantity of the compound present not its 
chemical state. Typically, chromium may occur in one of two forms: Cr III and Cr VI. The Cr 
VI state may be carcinogenic via the inhalation route. Exposure point concentrations do not 
identify the form of the compound and are based on only the presence of compound. The worst 
case was used in this risk assessment because the most toxic form of a compound of interest was 
assumed present if detected. 

-, 

- 

-- 

- 

6.4 Risk Characterization - 

Risk characterization involves the integration of health effects information developed as part 
of the toxicity assessment (Section 6.3) with estimates of exposure developed as part of the exposure 
assessment (Section 6.2) to provide an estimate of risk. Qualitative estimates are provided for Step 
I sites. Quantitative estimates are usually presented either in probabilistic terms (e.g., one in a 
million) or with reference to specific benchmark or threshold levels. An important component of 
risk characterization is an assessment of the sources of uncertainty associated with the estimate. 
Because risk estimates tend to be “soft” and based on a combination of measurements and 
assumptions, it is important that information on sources of uncertainty be provided. The key 
elements of risk characterization are: 

- 

- 

- 

. estimation of human dose; 

. estimation of risk, 

. presentation of risk; and 

. uncertainty analysis. 

Qualitative assessment is provided for Step I sites and quantitative assessment for Step II 
sites in the following sections. 

- 

- 
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6.4.1 Steu I Sites 

Qualitative assessments for Step I sites are provided below. 

Construction Battalion Unit (CBU) Drum Storage Area 

Risks appear to be negligible because there is limited activity in this area and chemical 
concentrations are low. 

cu Rubble Fill at Bunker A-86 

“7 
Activity in this area is negligible. However, the site exhibits elevated levels of PAHs and 

arsenic which could cause a potential health risk if exposure were to occur under some future use 
condition. If site conditions change in the future, there may be some risk associated with the 
contaminants present. 

Torpedo Shops 

C The potential exposure scenario relates to utility repair/installation within the former septic 
system area. Based on the relatively low levels of chemicals present at the site, and the health risk 
calculations made for utility workers at other sites (e.g., Area A landfill, Lower Subase), the health 
risks associated with this exposure scenario are qualitatively predicted to be negligible. The risk 
due to ground water quality degradation was previously discussed. A recommendation has been 
made to expand the investigation at this site to identify a potential source near the Torpedo Shop 
buildings. Further health risk assessment would be required. 

Goss Cove Landfill 

Future construction and excavation activities in the parking lot could result in some risk to 
workers. There is some potential that vapors from within the landfill could enter the museum 
building; however, this possibility has not been investigated. There is also a possibility that children 
could come in contact with sediments in Goss Gove. At present there are no data on the levels of 
contaminants in these sediments. 

- Over Bank Disposal Area Northeast (OBDANE) 

This site appears to pose a negligible risk based on the lack of activity and the low 
concentrations of chemicals. 

Spent Acid Storage and Disposal Area 

There may be some risk to construction or utility maintenance personnel associated with 
contact with contaminated subsurface soils if they do not follow appropriate health and safety 
procedures. Based on similar levels of lead at DRMO, and the associated risk for construction 
workers in that area (Hazardous Waste Storage Building Construction), the risk to construction 
workers at this site could be above acceptable levels. Appropriate health and safety precautions 
should be followed during tank removal to confirm that no contamination is present. 

-, 
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Former Gasoline Station 

No risks are identified under existing conditions based on available data. Appropriate 
health and safety precautions should be followed during tank removal to confirm that no 
contamination is present. 

6.4.2 Estimation of Risk at Step II Sites 

Estimates of risks are developed for individual carcinogens and non-carcinogens as well as 
for mixtures. The quantification of potential risks is based on the guidance published by the EPA 
on estimating risks of carcinogenic and non-carcinogenic mixtures (50 FR 1170 et seq., 9 January 
1985). Risk estimates for compound mixtures are based on the assumption of additivity unless 
there is information to the contrary. 

In accordance with current EPA guidance, the assumption of additive effects is made for 
non-carcinogens in order to calculate a Hazard Index Ratio, i.e., the ratio of exposure dose to RfD 
-alue as appropriate. However it is also recognized, as stated in the EPA’s guidance, that this may 

not be a good assumption because of differences in target organs, application of uncertainty factors, 
and differences in modes of actions of compounds. However, the Hazard Index Ratio is currently 
identified in EPA guidance as a means of identifying situations where additional attention should 
be given. 

- 

- 

- 

- 

6.4.2.1 Risk Estimation for Potential Carcinogens 

The equation for estimating “Incremental Lifetime Risk” from exposure to carcinogens, by 
compound and by pathway, is: 

Risk = Cancer Potency Factor X ADD (life) 

where: 

Risk (Incremental Lifetime Risk) = Probability that person will manifest cancer, during 
lifetime, from the particular exposure condition; 

Cancer Potency Factor (CPF) for a compound is the slope of the dose/response curve for 
cancers estimated for the specific Compound of Interest [(mg/kgMay)-11; different CPF 
values may be estimated for ingestion and inhalation. 

The “total” risk posed by a mixture of carcinogens is estimated as the sum of the risks for 
the individual compounds. Cancer potency factors may differ for oral and inhalation routes of 
exposure. Thus, the calculations of risk must be made for the different exposure routes first and 
then combined. Cancer potency factors have not been published by EPA for dermal uptake. 
Generally, the potency factor associated with oral route has been used for exposure via dermal 
contact. It is reasoned that the pharmacokinetics associated with dermal uptake would be more 
similar to uptake via the gut than via the lung. However, dermal uptake is probably quite different 
than either uptake via the gut or the lung. 

- 

- 

- 

- 

- 

- 

- 

-- 
6.4.2.2 Risk Estimation for Non-Carcinogenic Effects 

As stated previously, non-carcinogenic effects are evaluated by using the Hazard Index - 
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Ratio. The equation for estimating Hazard Index Ratios for exposure to non-carcinogens, by 
compound and by pathway, is: 

113 

Ratio = ADD(time)/RfD 

where: 

Ratio = Average Daily Dose for a specified averaging time ( a year) relative to the 
Reference Dose (RfD); depending on the nature of the effect and the exposure period 
being considered. 

The RfD value used for chronic exposures was used for exposure situations of seven years 
or more and RfD value for subchronic exposures was applied to exposure periods less than seven 
years. 

k 

P- 

In the absence of specific information on possible synergy or antagonism between or among 
compounds, a total Hazard Index Ratio is estimated by summing the ratios for each compound. 
Individual or summed ratio values in excess of “1” are considered as benchmarks for indicating the 
potential for some, generally sublethal, health effects. However, since by definition a ratio of 1 is 
accentable, the question always remains, “At what point does the exposure become unacceptable 
or what are the real risks associated with hazard ratio indices in excess of “l”? Estimates of risk 
were calculated using computer-based spreadsheets. 

6.4.3 Presentation of Risk 

pr 

- 

All calculations of risks are presented with summary tables in Appendix E. In the case of 
human health effects associated with exposure to potential carcinogens, risk estimates are expressed 
as the lifetime probability of excess cancer associated with the given exposure (e.g., a lifetime 
incremental risk of one in ten thousand). 

- 

SS.3 

- 

A 

Incremental cancer risk estimates are illustrated using simple bar charts (Figures 6-2 to 6-5). 
These figures include horizontal lines at the l.OE-4 (one in ten thousand) and l.OE-6 (one in the 
million) levels. Risks above l.OE-4 are described here as “generally unacceptable for environmental 
risk to humans, and risks below l.OE-6 are described here as generally considered de minimus for 
environmental risk to humans. The word “environmental” is underscored because often in 
occupational settings, risks are viewed differently than for settings in which the exposures are not 
work-related or are involuntary. These particular risk levels (l.OE-4 and l.OE-6) are similar to those 
cited in a recent article by Travis, et al. (1987), entitled Cancer Risk Management. Basically, these 
authors observed that at an individual risk level of approximately one in one million, no regulatory 
action is taken (a de-minimus level) while at a risk level of four in one thousand regulatory action 
was always taken. In between these risk levels, regulatory action appeared to be based on a 
combination of factors including the size of the exposed population and cost effectiveness 
considerations. 

- 

Depictions of Hazard Index Ratios are given in Figures 6-6 to 6-9. As can be seen, a 
horizontal line has been drawn at “1”. As noted earlier, ratios in excess of “1” can be viewed as 
benchmarks with regard to the potential for chronic, generally sublethal, effects. 

DRAFT IR STUDY NSB-NLON 6-105 AUGUST 1991 



Figure 6-2 Lifetime Cancer Risks 
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Figure 6-4 Lifetime Cancer Risks 
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Figure 6-5 Lifetime Cancer Risks 
Onsite Receptors 

m Nominal @ Upper Bound 

Incremental Lifetime Risk 

l.OE-07 

nnnm Canta ,r 

for Environmen __--_------~~~-~- tal Risk t _----~------~ - 

,______----------~ 

onsidered De M 

for Risk 

pv,,v V”,,.“. I . . . . . - .I_. .--. ..-...--- a - -. 
Personnel Sortlng Servlcemen Movlng 

Near Area A Landfill Metal Excerlslng Palette8 

Mllltarv I n 



Figure 6-6. Hazard Indices (Health Risk) 
Utility or Construction Workers 
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Figure 6-7 Hazard indices (Health Risk) 
Subase Children 
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Figure 6-8 Hazard Indices (Health Risk) 
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Figure 6-9 Hazard Indices (Health Risk) 
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6.4.3.1 Area A Landfill 

Utility Worker Repairing Storm Sewers in Area A Landfill 

The hazard indices do not exceed the benchmark established by EPA (Figure 6-6). For the 
nominal case and upper bound case, the hazard indices for oral and dermal contact with soils are 
at least three orders of magnitude below the EPA benchmark of “1”. 

The carcinogenic risk associated with soil contaminant exposure was below the de minimus 
level of one in one million for the nominal case and slightly above this level for the upper bound 
case (Figure 6-2). 

Based on the results of these analyses risks to these workers are judged to be low to 
negligible. 

Weapons Center Personnel Exposed to Fugitive Dust from Area A Landfill 

Systemic health risks and incremental risks of cancer are all below (within) levels considered 
acceptable (Figures 6-5 and 6-9). Based on the results risks to these workers associated with 
fugitive dusts are negligible. 

Military Servicemen Moving Palettes with Area A Landfill 

No systemic health risks were identified for these workers (Figure 6-9). Lifetime cancer 
risks were at and above one in one hundred thousand (lE-5) for nominal and upper bound 
exposures respectively (Figure 6-S). The estimated risk was due to the presence of PCBs in surface 
soils. The risks fall within EPA’s range of lE-6 to lE-4. There is uncertainty in the risk estimates 
based on the size and nature of the exposure population as well as the exposure assumptions. 

Military Servicemen Exposed to Fugitive Dust While Engaged in Recreational Activities Near Area 
A Landfill 

Risks to this exposure group are negligible (Figure 6-5 and 6-9). 

Groton/Ledyard Residents Exposures to Fugitive Dust from Area A Landfill and 

Risks to offsite residents due to the transport of fugitive dusts are judged to be negligible 
based on comparisons with EPA’s suggested benchmarks (Figures 6-4 and 6-8). 

- 

- 

Citizens Attending Car Auctions in Deployed Parking 
- 

Risks to people participating in car auctions are estimated to be negligible (Figures 6-4 and 
6-8). 

6.4.3.2 Area A Downstream 

Subase Children Exploring the Woods within Area A Wetland, Landfill, and Downstream 
Watercourses 

- 

Systemic (noncarcinogenic) health risks are estimated to be negligible for this exposure - 
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group (Figure 6-7). However, nominal lifetime cancer risk exceeded one in one million (lE-6) and 
the upper bound estimate exceeded one in one hundred thousand (lE-5) (Figure 6-3). The 
carcinogenic risk is due to the presence of PCB Arochlor 1260 through oral or dermal contact with 
g&s. 

Subase Children Exploring Streambeds and Area A Wetland 

No systemic health risks were estimated for the nominal case but the upper bound case did 
exceed EPA’s benchmark of “1” for a hazard index (Figure 6-7). Estimated carcinogenic risks are 
above the de minimus environmental carcinogenic risk limit of lE-6 for both the nominal and upper 
bound cases (Figure 6-3). The upper bound case exceeds a risk level of one in one hundred 
thousand (lE-5). The compounds that contribute to the carcinogenic risk through ingestion and 
dermal contact with the sediments are the pesticides. 

Subase Children Swimming in North Lake 

Swimming in North Lake does not pose any potential health risks as a result of contact with 
the water or playing on the beach (Figure 6-3). Incremental cancer risk estimates are considered 
de minimus for environmental risk (Figure 6-7). 

Utility Worker Repairing Utility lines in Area A Downstream 

Systemic (noncarcinogenic) and carcinogenic risks are estimated to be negligible to these 
workers (Figures 6-2 and 6-6). 

6.4.3.3 Defense Reutilization and Marketing Office 

Citizens Attending Monthly Auctions at DRMO 

Systemic (noncarcinogenic) risks associated with this activity are negligible (Figure 6-8). 
Lifetime cancer risks did exceed one in one million (lE-6) for the nominal and upper bound cases 
(Figure 6-4). However, these estimates are considered to be overestimates because of a 
conservative assumption made concerning the daily incidental ingestion of soils (100 mg/day). It 
is very unlikely that individuals involved in these auctions would ingest this quantity of soil. It is 
more likely that the amount of incidental soil ingestion is an order of magnitude less. This would 
result in risk estimates below the de minimus level. 

Citizens Attending Public Sales at DRMO 

Noncarcinogenic risks associated with this activity are negligible (Figure 6-8). However, 
as with the monthly auctions, lifetime cancer risks exceeded the de minimus level of one in one 
million (Figure 6-4). Again, this was due in part to a conservative assumption regarding soil 
ingestion as discussed above. 

Navy Workers Sorting Scrap Metal 

Systemic (noncarcinogenic) risk(s) related to this activity are negligible (Figure 6-9). 
However, incremental lifetime risks of cancer approached and exceeded the one in ten thousand 

, 
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(lE-4) level for the nominal and upper bound cases (Figure 6-5). Compounds that contributed to 
the risk included PCBs, carcinogenic PAH, and the metal beryllium. 

Utility Worker Exposed to Soils and Ground Water in DRMO Under Current Conditions 

For this exposure scenario, the noncarcinogenic and carcinogenic risks were estimated to 
be negligible (Figures 6-2 and 6-6). 

Utility Worker Exposed to Soils and Ground Water In DRMO Under Future Conditions 

For these exposure scenarios, the noncarcinogenic and carcinogenic risks were estimated to 
be negligible (Figures 6-2 and 6-6). 

Construction of A Hazardous Waste Storage Facility 

There may be systemic health (noncarcinogenic) risks associated with this proposed 
construction activity (Figure 6-6) if health and safety measures are not followed. These are due to 
the presence of lead in soils. The maximum lead exposure point concentration ingestion of soil. 
The maximum exposure concentration is 8,100 mg/kg lead in soil from a well location, 6MW3 2-4 
feet. 

The nominal carcinogenic risk estimate is close to the de minimus level of one in one 
million (1.6E-6) and the upper bound estimate exceeds this level (Figure 6-2). The probability of 
carcinogenic risk is attributed to the presence of PCBs in soil. 

Ledyard Residents Exposures to Fugitive Dust from DRMO 

- 

- 

- 

Systemic (noncarcinogenic) and cancer risks are estimated to be negligible (Figures 6-4 and 
6-8). 

Subase Children Exposed to Fugitive Dust from DRMO and Area A Landfill 

Systemic (noncarcinogenic) and cancer risks are estimated to be negligible (Figures 6-5 and 
6-7) via exposure to fugitive dusts. 

- 

6.4.3.4 Lower Subase 

Utility Worker Exposed to Soils and Ground Water in Lower Subase Vaults 

Systemic (noncarcinogenic) health and incremental cancer risks are judged to be negligible 
(Figures 6-2 and 6-6). 

- 

- 

Utility Worker Exposed to Soils and Ground Water In Lower Subase 
- 

Systemic (noncarcinogenic) health and incremental cancer risks are judged to be negligible 
(Figures 6-2 and 6-6). 
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Future Construction of Buildings in Lower Subase 

Systemic (noncarcinogenic) health and incremental cancer risks are judged to be negligible 
(Figures 6-2 and 6-6). 

6.4.4 Uncertainties in Estimates 

Because the toxicity values (Potency Factors, RfDs, AICs, and AISs) published by EPA are 
based on exposure dose and not on absorbed dose, it is not appropriate to estimate the efficiency 
of absorption via the gut and the lung, i.e., the potencies already incorporate information on those 
effects. However, there may be certain “matrix effects” associated with differences between media 
in which the compound is received. Such matrix effects can alter the bioavailability of the 
compound. There is little quantitative information concerning these matrix effects and they are 
generally ignored. This results in a conservative estimate of dose. 

Uncertainty Analysis 

Uncertainty analyses is an important element of risk characterization. Results of such an 
analysis provide insights into the confidence of the results. Uncertainty analysis typically includes: 

. assessments of the sources of uncertainty, the soundness of assumptions and 
the extent to which they were made in a conservative manner, and other 
qualifying statements that may be appropriate; and, 

. sensitivity analyses of key assumptions or input parameters. 

Uncertainty in Health Effects Estimates 

There are uncertainties associated with both the estimates of risk from carcinogens and 
non-carcinogens. The difficulty in extrapolating from data on high doses to animals to low doses 
in humans is well recognized and is discussed in detail in various toxicological texts. 

13 

,- 

The EPA is attempting to standardize its approach to determining RfDs. The RfD Work 
Group within EPA has developed a systematic approach to summarizing its evaluations, conclusions, 
and reservations regarding RfDs in a “cover sheet”. The cover sheet includes a statement on the 
confidence the evaluators have in the stability of the RfD: high, medium, or low. High confidence 
indicates that the RfD is unlikely to change in the future because there is consistency among the 
toxic responses observed in different sexes, form, study designs, or in dose-response relationships, 
or the reasons for differences, if any, are well understood. Often, high confidence is given to RfDs 
that are based on human data for the exposure route of concern, because in such cases the 
problems of interform extrapolation are avoided. Low confidence indicates that the RfD may be 
especially vulnerable to change if additional chronic toxicity data are published on the compound, 
because the data supporting the estimation of the RfD are of limited quality and/or quantity. 

The EPA or consultants following agency policy do not simply use the NOAEL, but develop 
from it a risk reference dose or “safe threshold’ by dividing this NOAEL by a series of uncertainty 
factors, resulting in a much lower concentration for the purpose of defining a RfD. The RfD has 
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been viewed as the amount of a compound to which a person can be exposed on a daily basis over 
an extended period of time (usually a lifetime) without suffering a deleterious effect. 

The result of the application of uncertainty factors is that for many compounds the RfD is 
calculated to be 100 times to 10,000 times less than the NOAEL. 

Because of the uncertainty factor (margin of safety) built into the RfD value, exceedence 
of the number has no immediate real meaning with regard to specific health effects, the frequency 
of effects, or the magnitude of effects. However, exceedence of the number should serve as a 
warning that the potential for unacceptable exposure does exist and precautions should be taken 
to limit exposure. 

- 

- 

- 

- 

- 
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7.0 ECOLOGICAL RISK ASSESSMENT 

7.1 Introduction 

This section presents the findings of the ecological risk assessment performed for the Naval 
Submarine Base - New London (NSB-NLON) in Groton, Connecticut. NSB-NLON is on the east 
bank of the estuarine portion of the Thames River. 

The ecological risk assessment evaluates the probable migration pathways of site 
contaminants to both aquatic and terrestrial receptors. Risks to ecological receptors are evaluated 
using observations of biological conditions at the site, measurements of contaminants in biota and 
environmental media, and predictive models of bioaccumulation. Measured or estimated exposure 
concentrations are compared with literature values of levels not known to produce toxic effects or 
with EPA Ambient Water Quality Criteria, where appropriate, to assess risks to site biota. 

7.1.1 Amroach and Omnization 

This assessment addresses Step I and Step II sites separately. However, the assessment 
approach for some of these sites is the same since they potentially affect the same environmental 
receptors, aquatic biota in the Thames River. These sites are also developed, therefore, this is the 
only exposure pathway for contaminants in these areas to reach environmental receptors. The Step 
I site evaluated in this manner is the Goss Cove Landfill. Step II sites addressed in a similar fashion 
are the Defense Reutilization and Marketing Office (DRMO) and the Lower Subase. Risks to both 
aquatic and terrestrial receptors are addressed for Area A sites. 

The approach to risk assessment used in this section follows EPA guidelines (EPAJ986). 
The ecological risk assessment section of the report is divided into these main headings: 

Hazard Identification 
Exposure Assessment 
Toxicity Assessment 
Risk Characterization 

- 
The Hazard Identification (Section 7.2) evaluates the data to be used in the risk assessment 

and selects compounds of interest. Since this work was discussed in the Human Health Risk 
Assessment (Sections 6.1.1 and 6.1.3), this section of the report only addresses these issues where 
they pertain specifically to ecological risks. 

The Exposure Assessment characterizes environmental receptors to site contamination, 
identifies exposure pathways, and quantifies those exposures. The sites were visited to characterize 
the environmental receptors (Section 7.3.1). Section 7.3.2 identifies exposure pathways in Step I 
and Step II sites. The exposure concentrations are quantified in Section 7.3.3. For some exposures, 
direct measurements of contaminants in environmental media were used (e.g. metals concentrations 
in soils for plant exposures or surface water concentrations in ponds for fish exposures). Sample 
locations for Area A are shown on Plate 6-l. Other exposures were quantified via simple analytical 
models. Examples of these quantification methods include estimation of soil moisture 
concentrations from soil concentrations for terrestrial invertebrate exposures and use of a simple 
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analytical bioaccumulation model to estimate exposures to birds and mammals due to ingestion of 
terrestrial invertebrates. A discussion of the uncertainty associated with these estimates is included 
(Section 7.3.4). 

Exposure concentration criteria are discussed in the Toxicity Assessment (Section 7.4). 
Where appropriate, EPA Ambient Water Quality Criteria (EPA, 1986) were used to assess risks. 
For some organisms, such as soil invertebrates and small birds and mammals, we developed criteria 
based on toxicity information available in the literature. 

- 

The Risk Characterization (Section 7.5) compares measured or estimated exposure 
concentrations to toxicity-based criteria and assigns a relative magnitude of risk to individual 
organisms of certain receptor species (e.g., soil invertebrates, small birds and mammals). These 
results are discussed as to their ecological significance based on scientific judgement and 
observations at the site. 

- 

I- 

7.1.2 Overview of Environmental Receptors - 

Environmental receptors of contaminants from the Groton site consist of nearby ecosystems 
and their resident and visiting biota. This section briefly describes the environmental receptors of 
contaminants from the Step I and Step II sites. Section 7.3.1 provides an in-depth characterization 
of ecological receptors, particularly those in the Step II sites. 

Most of the Step I sites consist primarily of developed property (Torpedo Shop, Spent Acid 
Storage and Disposal Area, and Former Gasoline Station). As such, they do not comprise a natural 
environment, and it is not necessary to assess ecological risks for these sites. Compounds of 
concern were detected in environmental media at the CBU Drum Storage Area and OBDANE sites 
at very low concentrations, and therefore these sites were excluded from further assessment. The 
Rubble Fill at Bunker A-86 site was only qualitatively evaluated from a human health risk 
standpoint. 

- 

.- 

The Step I site that may pose a potential ecological risk is the Goss Cove Landfill. It is on 
the shore of the Thames River estuary, and ground water from this site discharges to the Thames 
River. The primary environmental receptors in this portion of the Thames River are benthic 
organisms and fish. This risk is discussed in Section 7.5.1. 

- 

- 

Two types of Step II sites were treated separately in this assessment. The developed sites 
that may pose an ecological risk due to the discharge of contaminated ground water to the Thames 
River, the Defense Reutilization and Marketing Office (DRMO) and the Lower Subase, were 
treated similarly to the Goss Cove Landfill. Environmental receptors at these sites consist of fish 
and benthic organisms near the point of discharge in the Thames River. 

- 

Environmental receptors in Area A consist of biota in the Area A Wetland, Over Bank 
Disposal Area, and Downstream Watercourse area. The biota in these areas are plants, 
invertebrates, fish, amphibians, birds, and mammals that reside in this area, migrating birds that 
visit the area seasonally, and mammals and birds that visit the area occasionally. These receptors 
may be exposed to contaminants in surficial soils, contaminants in ground water where it may 
seasonally discharge to the ground surface, and contaminants in the surface water and sediments 

- 
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of ponds and streams. Higher trophic level organisms in the food web may be exposed to 
contaminants via bioaccumulation in lower level organisms such as soil invertebrates in the wetland 
and benthic invertebrates in the ponds and streams. 

7.2 Hazard Identification 

7.2.1 Evaluation of Data/Selection of Comwunds of Interest 

The data evaluation and selection of compounds of interest for the ecological risk 
assessment were the same as for the human health risk assessment. Sections 6.1.1 and 6.1.3 discuss 
these processes. Table 6-2 in Section 6.1.3 presents the compounds of interest. The compounds of 
interest were selected based on their detection in all media. However, some of the organic 
compounds of interest posed no ecological risk because they were not detected in media to which 
environmental receptors may be exposed. The only organic compounds assessed for the Step I site, 
Goss Cove Landfill, were those detected in ground water at this location (refer to Table 4-14). 
Compounds not detected in soil, sediment, surface water or ground water at Step II sites include 
the volatile organic compounds chloromethane, 1,2dichloroethane, tetrachloroethane, 1,1,2- 
trichloroethane, and 4-methyl-2pentanone; the semi-volatile organic compounds 2-methyl- 
naphthalene, dibenz(ah)anthracene, di-n-butylphthalate, 2,4-dimethylphenol, 4-methylphenol, 
phenol, and N-nitrosodiphenylamine; the pesticides beta-BHC, endrin, endrin ketone, and 
methoxychlor, and the PCB Arochlor 1254. 

As in the human health risk assessment, if a compound was not detected in an exposure 
medium, the exposure concentration for a non-detectable level was assumed to be zero. If the 
compound was detected in at least one sample in that medium, the non-detectable concentration 
was estimated as one half the average sample quantitation limit (Refer to Section 6.1.1 of the 
Human Health Risk Assessment). 

7.2.2 Contaminated Media 

Compounds of concern were detected in soils, sediments, surface water, and ground water. 
The ecological risk assessment addresses wetland soils/sediments separately from stream, pond, and 
river sediments. This distinction is based on physical and biological characteristics. Soils/sediments 
in the wetlands may be saturated periodically, but for most of the year they are not underwater and 
retain less than 100% soil moisture. They are also likely to have a higher organic carbon content 
than pond or stream sediments. Wetlands soils/sediments support a different invertebrate 
community than do pond or stream sediments. For this reason and to avoid confusion with pond 
and stream sediments, this section of the report will refer to soil or sediment samples from Area 
A wetland, OBDA, and downstream areas that are not pond or stream sediment samples as “soils”. 
This convention is different from that followed in other sections of the report. 

73 Exposure Assessment 

73.1 Characterization of Environmental Receptors 

7.3.1.1 Goss Cove Landfill 

Ground water from the Goss Cove Landfill discharges to the Thames River. This section 
characterizes the Thames River and discusses its resident biota. 
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The Shetucket and Yantic Rivers meet to form the Thames River approximately 12 miles 
north of the NSB-NLON. The portion of the river adjacent to NSB-NLON is estuarine. It is 
classified by the Connecticut Department of Environmental Protection (CIDEP) as class SC with 
the goal of improving future water quality to Class SB, suitable for swimming and harvesting of 
shellfish and desirable to promote the restoration of an anadromous fishery. The Thames River 
currently supports sport fishing. It also provides wildlife habitat. 

The river discharges approximately 2600 cfs of freshwater to Long Island Sound (Soderberg 
and Bruno, 1971) and the flushing time for freshwater is approximately one half to two days (Welsh, 
1984). Stratification in the northern two thirds of the river can be great depending on freshwater 
inflow. At times, the bottom saline waters become nearly depleted of dissolved oxygen. However, 
the portion of the river adjacent to NSB-NLON is less likely to be stratified due to the greater 
input of water from Long Island Sound in this area. 

Studies of finfish in the Thames River have identified Winter Flounder, Tomcod, and 
Windowpane Flounder as the most abundant fish in the deeper channels, while the Mumichog and 
Striped Killifish are abundant near the shore (Tolderlund, 1975; Marsh, 1974; Welsh and Stewart, 
1984). The Thames River is also a feeding area for long-range coastal migrating fish such as 
Menhaden, Bluefish, Striped Bass, and Mackerel. Seasonal visitors from Long Island Sound include 
Tautog, Weakfish, Porgy, and Whiting. There is also a limited River Herring run to a freshwater 
nursery area upstream at Norwich, Connecticut. 

Sampling of benthic species in the river channel adjacent to NSB-NLON in March 1990 
(Maguire Group, Inc., 1990) identified several polychaete worms and one bivalve species, the Coot 
Clam (Mulinia lateralis), an opportunistic species. The referenced study did not include near-shore 
samples or observations in the area of NSB-NLON. 

The only benthic species of economic importance identified in the Thames River are the 
Oyster and the Hard-Shell Clam. Much of the river is closed to shellfishing due to high coliform 
levels. However, there is an oyster bed west of the submarine base and several Hard-Shell Clam 
beds further south in Waterford, Connecticut. 

7.3.1.2 DRMO and Lower Subase 

Ground water from the DRMO and Lower Subase also discharges to the Thames River. 
The same potential receptors will be addressed for these sites as for the Goss Cove Landfill. 

73.13 Area A 

The remainder of this section discusses environmental receptors in the Area A Wetlands, 
Downstream Watercourses, and the Over Bank Disposal Area. Environmental receptors in this 
area were characterized based on several site visits. 

The Area A Wetland comprises approximately 30 acres east of the Weapons Center, south 
and west of the Perimeter Security Road, and north of Area A Landfill (refer to Figure l-12, Site 
Plan Area A). The vegetation in most of the wetland is herbaceous and is dominated by the marsh 
reed Phrarrmites. Phragmites thrive in disturbed soil and provide poor habitat for birds and small 
mammals. A small area (approximately 300 feet by 350 feet) near the southern portion of the 

- 

- 

- 

- 
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wetland is upland deciduous forest. Deciduous trees in this area include Black Cherry, Black and 
Gray Birch, Red Maple, and Staghorn Sumac. Note that Staghorn Swnac grows well in disturbed 
soils. Shrubs identified in this area are Multiflora Rose, American Bittersweet, and Blackberry. 
A more complete list of vegetation species observed in Area A is in Appendix F-l. 

A small pond is in the eastern portion of the wetland adjacent to the landfill. The pond is 
shallow (one to two feet deep) and choked with rooted aquatic vegetation (primarily 
Ceratophvllum). Numerous water beetles and insect larvae inhabit the pond. The bottom muck 
of the pond is black and one to two feet deep. 

A dike separates the wetland area from the downstream watercourses. The downstream 
watercourses are described in Section 1.2.5.8. A stream exits the dike on the west side of the Area 
A wetland and flows into a small pond approximately 200 feet downstream. Flow from the small 
pond enters a stream that flows north and west toward Triton Avenue. This stream is culverted 
under Triton Avenue and Shark Boulevard and eventually discharges to the Thames River via the 
DRMO outfall. During wet weather or periods of high water levels, water from the pond 
discharges on the south side and enters a stream that flows through the Over Bank Disposal Area. 
This stream bypasses North Lake and flows through a series of culverts to the golf course. It 
eventually discharges to the Thames River. A second pond, to the south of the previously 
mentioned pond, is formed by ground water inflow and flows to the west around North Lake via 
culverts. 

The Downstream Watercourse area west of the dike is an upland deciduous forest. Tree 
species observed in this area include Red, Black, and White Oak, Black and Gray Birch, Red 
Maple, Beech, and Witch Hazel. The shrubs observed were Mountain Laurel, Sweet Pepperbush, 
Bayberry, and American Bittersweet. Appendix F-l contains a more complete species list of 
vegetation observed in Area A. 

In addition to vegetation, environmental receptors in Area A include resident and visiting 
birds, reptiles, amphibians, and mammals. A list of species observed in Area A is in Appendix F-l. 

The remainder of this section briefly discusses habitat and food requirements of those 
species that are likely to be predominant on the site. In certain cases, information on species not 
observed on the site but presumed to be present is included. The food and habitat requirements 
of species that occur at the ends of food chains are emphasized as they may be the most vulnerable 
to the uptake of contaminants. 

Invertebrates and plants serve as the base of the aquatic and terrestrial food web. Direct 
observations were not made of benthic invertebrates in the ponds and streams of Area A. Benthic 
invertebrates may be consumed by several of the resident species including fish and frogs. Fish may 
be present in the ponds, although none were observed there. Mallard Ducks feed on submersed 
vegetation in the ponds. 

The base of the food web for the terrestrial vertebrates will consist primarily of both detrital 
organic matter occurring within leaf litter and surficial soils and plant matter (leaves, bark, fruits, 
berries, and nuts). Many invertebrate and vertebrate species feed directly on these materials. 
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Soil invertebrates and insects, a primary source of food to many vertebrate species on the 
site, serve as a critical component of the terrestrial food web. Earthworms are among the more 
important invertebrates that serve as food items. 

Amphibians 

Frogs were observed to be abundant in the pond in the wetland area and in the streams of 
the downstream watercourse area. Species observed include Green Frog, Spring Peeper, and 
Leopard Frog. Frogs may be exposed to site related contaminants via several pathways. Their eggs 
are deposited in surface water, their larvae mature in surface water, and adults typically reside 
throughout their lifetime in the same pond in which they were reared. Their diet includes insects. 

Birds 

Diets of several of the bird species observed at the site are summarized below. The species 
described here represent a cross section of food habits and habitat requirements of birds residing 
at or visiting Area A. 

Mallard Duck - This duck’s adaptability has made it one of the most common wild ducks 
in the world. It is capable of breeding and maintaining its populations under a wide range 
of conditions. It feeds readily on land and requires very little water. The mallard eats many 
kinds of succulent plants, seeds, acorns, insects (particularly grasshoppers), many small 
aquatic animals, and probably all the grains grown within its range. It is resident throughout 
the year. 

Sparrows - Several sparrow species have been observed on the site. The House Sparrow is 
a permanent resident that feeds primarily on plant matter ranging from fruit and grain to 
garbage; it can be quite destructive to plants. When vegetable matter is not available, it will 
eat insects. The Swamp Sparrow will inhabit muddy areas such as bogs or swamps and it 
is seldom seen. They are seasonal residents generally between March and November. The 
food of the Swamp Sparrow consists of insects and the seeds of weeds; because of its 
proximity to aquatic habitats it often feeds on aquatic insects. The Field Sparrow is a 
seasonal resident in the northeast generally between April and November. This species is 
usually found in old fields and bushy pasture areas. This species feeds on both plant and 
animal matter. It feeds largely on seeds of grasses and to less extent on those of garden 
weeds. Animal matter, mostly insects, has been observed to comprise about 40 percent of 
its diet. 

Northern Mockingbird - This species is a permanent resident. The mockingbird feeds largely 
on insects. It will also feed on the fruit of a number of wild plant species. 

Crow - The food of the crow consists of almost anything edible alive or dead including birds 
eggs, young birds, mammals, reptiles, fishes, insects, crustaceans, and worms. Dead animals 
of any size provide a source of food. The crow will also eat plant matter including seeds, 
nuts, acorns, grains, and fruits. The crow is an extremely adaptable species and a 
permanent resident. 

- 

- 

- 

- 
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Red-tailed Hawk - This species can be either a permanent resident or may migrate into or 
through the area. The food of the hawk consists largely of mice. It will also take rabbits, 
gophers, and squirrels. It will prey on snakes when they are present in abundance, but it 
rarely consumes birds. 

Grav Catbird - Catbirds are migratory species that breed at the edge of the marsh. Gray 
catbirds migrate to warmer climates starting in the early Fall after they have been fledged 
from the nest. The diet of newly hatched young and fledglings consists of worms, pillbugs, 
caterpillars, larvae, and beetles, i.e., terrestrial invertebrates inhabiting the ground layer. 
The fledglings reside in their territory for approximately 60 days before they migrate to 
warmer climates in early September. 

Mammals 

This section discusses the feeding habits of several mammal species either observed in Area 
A or expected to occur there. These species are discussed here because their feeding habits are 
representative of small mammals in Area A. 

Eastern Grav Squirrel - This species observed in Area A is one of the more common small 
mammals in the northeast. Squirrels typically exhibit population densities of one to 16 per 
acre. The squirrel feeds primarily on plant matter and their diet consists of acorns, fungi, 
seeds, and berries. On occasion, it will consume small birds or carrion. Acorns are the 
major component of its diet during the winter. The species makes its home in trees and may 
live up to 15 years. 

Eastern Cottontail - This species observed in Area A lives in fields and thickets and is well 
adapted for life in maturing woodlands. The diet consists almost entirely of plant matter 
including leafy material in the summer and bark and twigs in the winter. It does not make 
burrows of its own but may use those made by other species. It has a life span of about 
eight years. 

Woodchuck - This species observed in Area A is a common animal on the edges of fields. 
It makes its home in the ground where it digs extensive burrows. Its territory is generally 
less than 330 feet in length. Woodchucks have a varied diet comprised primarily of 
succulent plants. However, it does eat insects and occasionally small rodents such as mice 
or voles. It lives up to nine years. 

Muskrat - The muskrat’s habitat is marshes and wooded swamps. Muskrats were observed 
in the marsh portion of Area A east of the dike. They build their nests in mounds of non- 
woody plant stems. The muskrat’s diet consists mainly of aquatic vegetation, especially wild 
rice, cattails, and arrow heads although they may supplement their diet with aquatic 
invertebrates. 

Eastern Chipmunk - Chipmunks are classified as ground squirrels, living in subterranean 
burrows. They are commonly found in and near stone walls in the northeast. They are 
solitary animals and strongly territorial; their territories seldom exceed two acres. They may 
exhibit periods of inactivity during the hottest times of the summer and during winter 
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when they remain in their burrows. They have a varied diet consisting of acorns, seeds, 
nuts, fruits, eggs, meat, and insects. A recent study showed that insects may comprise up 
to 20% of their diet during the summer. They have also been reported to eat mice, small 
birds, eggs, and small snakes. They may live for two to four years. 

White-Footed Mouse - This mouse species observed in Area A makes its home in ground 
burrows, abandoned birds nests, or hollows in trees or logs. The species has well defined 
small territories of approximately 30 to 100 feet in radius. It is a nocturnal feeder with an 
omnivorous diet. It feeds primarily on dried seeds and berries but may also eat insects and 
the carrion of small mammals and birds. It has a lifespan of about five years. 

Star-Nosed Mole - This species is a solitary animal that makes its home in damp or bosgy 
soil. It feeds above ground as well as below on invertebrates associated with soils and leaf 
litter including earthworms, insects, snails, and slugs. It has also been observed to 
occasionally consume small vertebrates, as well as decaying plant matter. It is a good 
swimmer and diver and will eat aquatic insects and small fish. It is active throughout the 
year and has a lifespan of about two to three years. 

Short-tailed shrew - This species is one of the most voracious predators of small 
invertebrates and other vertebrates. It nests underground, its runways usually parallel the 
surface and are located in the top ten centimeter of soil. The home range averages about 
five acres. Depending on habitat quality, density varies between one and 15 shrews per 
acre. Earthworms are the major diet item but millipedes, insects, and occasionally mice and 
voles are also eaten. Most shrews eat the equivalent of their body weight in food per day 
(8 grams). Breeding season lasts from February to September and gestation requires 21 
days. Its lifespan is approximately one year. Populations are highly variable and 
occasionally crash. 

Raccoon - This species observed in Area A is common in rural areas and can also be found 
in developed regions. In most areas where raccoons are present, their density is 
approximately one per ten acres, although higher densities have been reported for some 
areas (several per acre). The species makes its home in hollow trees, logs, rock crevices, 
and ground burrows. The raccoon will eat practically anything from small birds and 
mammals to fruit, nuts, garden vegetables, and garbage. The species also feeds on various 
aquatic invertebrates and vertebrates such as frogs. It lives up to 14 years. 

- 

- 

-- 

- 

-. 

Otter - An otter has been observed in Area A in the downstream pond nearest the dike. 
The habitat of the river otter is rivers, ponds, and lakes in wooded areas. They dig their 
dens in the banks. They feed mainly on fish, but will also eat terrestrial invertebrates and 
small mammals such as mice. 

- 
7.3.2 Identification of Exposure Pathwavs 

73.2.1 Goss Cove Landfill 

Discharge of ground water from this site to the Thames River may effect river water and 
sediment quality. Benthic organisms in the sediments of the Thames River may ingest 
contaminated sediments. They are in direct contact with potentially contaminated interstitial pore 
water and may also ingest it. 
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Potential exposure pathways for fish in the Thames River include direct contact with 
potentially contaminated surface water and ingestion of potentially contaminated suspended 
sediments and invertebrates. Non-mobile benthic organisms in the area of ground water discharge 
may potentially experience the greatest exposure concentrations prior to complete mixing of 
contaminants in the river. 

7.3.2.2 DRMO and Lower Subase 
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Discharge of ground water from this site to the Thames River may effect river water and 
sediment quality. Organisms in the river may be exposed to contaminants via the pathways 
described above for the Goss Gove Landfill. 

73.23 Area A Wetlands. Downstream Areas, and Over Bank DisDosal Area 

The primary ecological exposures to contaminants in Area A occur at lower trophic levels. 
These include exposures of plants and terrestrial soil invertebrates to contaminants in soil and 
shallow ground water in Area A wetland, downstream areas, and the Over Bank Disposal Area and 
exposures of aquatic plants and benthic invertebrates to contaminants in stream sediments in the 
downstream area. Exposures at higher trophic levels occur via ingestion of invertebrates by small 
mammals and birds and direct exposure of amphibians and other aquatic species (fish) to surface 
water and sediments. Incidental ingestion of soil and ingestion of surface water are other potential 
routes of exposure. 

Terrestrial plants are exposed at the root level to contaminants in soil and soil moisture. 
Longer rooted plants and plants in areas with saturated soils, such as wetlands, may be exposed to 
contaminants in shallow ground water. Exposure of aquatic vegetation to site contaminants may 
oozur through two pathways. These are exposure to contaminants in interstitial pore water in the 
sediments and to contaminants in surface water. 

Frogs represent a maximally exposed upper tier of the food chain in this area. Their eggs 
are deposited in surface water, their larvae mature in surface water, and adults typically reside 
throughout their lifetime in the same pond in which they were reared. Frogs may absorb some 
compounds through their skin. Their diet includes insects. Amphibians may be exposed to 
contaminants in interstitial water in sediment during the part of the year that they are dormant and 
to surface water and possibly contaminated food during the rest of the year. 

Both the Area A wetland and downstream areas are characterized by a shallow water table. 
Soil invertebrates in these areas may be exposed to contaminants that have dissolved from soils into 
soil moisture. Some invertebrates (worms) also ingest soil. Soil invertebrates will also be exposed 
to some extent to contaminants in ground water where the water table periodically intercepts the 
ground surface. 

Benthic invertebrates in ponds and streams in Area A will be exposed to site related 
contaminants in sediments and interstitial sediment pore water. 

Higher trophic level organisms, specifically, mammals and birds visiting or living at the site, 
will be exposed to compounds via ingestion of contaminated food. Those carnivores whose diets 
are comprised largely of soil invertebrates will be at greatest risk. Herbivores are less at risk, due 
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to the substantially lower concentrations of compounds found in their diets. Berries and leaves 
typically contain orders of magnitude less of a given contaminant than soil invertebrates from the 
same location (Menzie et al., 1991). Along with the ingestion of soil invertebrates, other pathways 
of exposure for carnivores are soil ingestion (associated with the intake of soil invertebrates), 
ingestion and contact with surface water, and dermal contact with soils (burrowing). These 
exposures are considered secondary to ingestion of soil invertebrates and are difficult to quantify. 

Potential exposures to fish that may be present in the ponds in Area A downstream will be 
via direct contact with pond water and via ingestion of invertebrates that have accumulated the 
contaminants. Fish may be present in the ponds although none were observed there. Fish and 
aquatic organisms in the Thames River may be exposed to dissolved contaminants or those 
adsorbed onto suspended sediments transported from Area A in the downstream watercourses. 

7.3.3 Quantification of Exrmure 

733.1 Goss Cove Landfill 

To assess exposures of aquatic invertebrates and fish in the Thames River to contaminants 
discharged in ground water from the Goss Gove Landfill, we estimated exposure concentrations 
based on dilution in the river at the point of discharge. We assumed that ground water in the 
overburden aquifer discharges to the Thames River. Most of the discharge is likely to occur along 
the banks of the river. A small mixing zone along the banks of the river will experience higher 
contaminant concentrations prior to complete mixing in the river. Since it is likely that the 
magnitude of this discharge is quite small compared to flow in the river due to freshwater input 
from upstream and tidal flushing, dilution will occur quickly. Dilution for the sites discharging 
ground water to the Thames River was estimated using the USGS Thames River average flow of 
1300 cubic feet per second, a mixing zone 10 feet wide (compared to the width of the river of 2000 
feet), and the ground water inflow to the site as reported in Section 3.0. At the Goss Gove Landfill, 
dilution is estimated to be on the order of 4/100. Note that this estimate is conservative in that it 
does not account for dilution due to tidal flushing. Therefore, the estimated average and worse 
case exposure concentrations will be approximately 4/100 of the average and maximum ground 
water concentrations, respectively, of contaminants at the Goss Gove Landfill. These estimated 
concentrations are compared with EPA Ambient Water Quality Criteria (AWQC; EPAJ986). 

7.3.3.2 DRMO and Lower Subase 

Ecological exposures to contaminants in ground water at these sites are estimated in the 
same manner as for Goss Gove Landfill. For DRMO, dilution is estimated to be on the order of 
4/100, while it is estimated to be approximately 14/100 for the Lower Subase. 

7.3.3.3 Area A - Terrestrial Exrmures 

Since soil concentrations that produce toxic responses in plants are available in the Plants: 
literature for some contaminants, we used measured surficial soil or sediment concentrations at 
each sample location to assess risks to plants. This evaluation was conducted primarily for metals 
since organic contaminants are much less likely to be taken up by plants or to bioaccumulate in 
them (Menzie et al., 1991). 

- 

-- 
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Soil Invertebrates: The main exposure pathway of soil invertebrates to site contaminants 
is via interstitial water in soils. We estimate this exposure using two approaches. Both approaches 
conservatively assume that the soil invertebrate is completely and constantly exposed to pore water. 
The first approach assumes constant exposure of soil invertebrates to ground water discharging to 
the ground surface in wetland areas and uses the ground water concentration as the exposure 
concentration. The second approach uses the Equilibrium Partitioning (EP) Method to estimate 
soil moisture concentrations of organic contaminants from soil concentrations. Both methods 
compare exposure concentrations to Water Quality Criteria established by the EPA and No 
Observed Adverse Effect Levels (N0AEI.s) from literature to assess potential risk to environmental 
receptors. 

Soil invertebrates in contaminated areas may encounter elevated levels of compounds, while 
those in non-contaminated areas experience little or no exposure. We therefore calculate soil 
invertebrate risk on a localized basis (i.e., station by station). We use each station individually to 
assess risk to soil invertebrates for both approaches. 

To assess risks to soil invertebrates due to direct exposure to ground water, we compared 
ground water concentrations with Water Quality Criteria for shallow wells where it appeared 
possible for ground water to intercept the ground surface for at least part of the year. For this 
assessment, we chose shallow overburden wells in the Area A Wetland (2WMW3S, 2WMWSS, and 
2WMW6S), Area A downstream (2DMWllS and 2DMW16S), and Over Bank Disposal Area 
(3MW12S) that have well screens no more than 15 feet below the ground surface. Of these, wells 
2WMWSS and 3MW12S best represent exposure concentrations because they are closest to areas 
where ground water discharges to the ground surface. 

To assess risks to soil invertebrates due to exposure to interstitial pore water and soil 
moisture by the EP Method, we considered only surface and near-surface soil samples from within 
the Area A Wetland, downstream area, and OBDA as representative of environmental exposure. 
We restricted our assessment to soil samples collected within four feet of the ground surface in 
these areas. 

The following relationship was used to calculate a chronic sediment quality criterion from 
chronic Ambient Water Quality Criteria or from NOAELE (Markwell et al., 1989): 

where 

c, = equilibrium concentration of chemical in soil or the chronic sediment quality 
criterion (ppb) 

X = proportionality constant 
Klw = octanol/water partition coefficient 

= 
y = 

nonlinearity constant 

& = 
organic carbon fraction 
equilibrium concentration of chemical in soil pore water or Ambient Water 
Quality Criterion or NOAEL (ppb) 

In this case, the relationship K, = x K, m was substituted into the equation. The toxicity quotient 
was then calculated as the sediment criterion divided by the measured soil concentration. 
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Soil concentrations and a simple analytical model were used to predict the body burdens of 
PAHs and DDT and its metabolites DDD and DDE in soil invertebrates. (DDT and its 
metabolites are also called DDT residues or DDTR.) DDTR and PAHs were chosen for this 
assessment because they were detected at elevated concentrations in soils and because of their 
potential to bioaccumulate. The estimated body burdens are used to represent the dietary intake 
of contaminants by mammals and birds that feed on soil invertebrates. Because birds and other 
mammals are assumed to forage throughout the site, and even though the soil concentrations are 
not normally distributed, we use the arithmetic mean of soil concentrations to estimate a mean soil 
invertebrate concentrations to assess bird and mammalian exposure. If the wetland soil/sediment 
sampling was not random (i.e., if samples were collected based upon suspected areas of 
contamination), then the arithmetic mean would be a conservative estimate of exposure point 
concentration. 

Appendix F-2 contains statistical summaries of the soil concentrations for Area A. The data 
are presented by area and include the number of samples, number of times each compound was 
detected, maximum concentration, and arithmetic mean. 

From this soil data, mean soil invertebrate body burdens of DDTR and PAHs were 
calculated based upon a bioaccumulation model proposed by Markwell et al. (1989) for oligochaete 
worms. The model estimates residues by evaluating the distribution of contaminants among three 
compartments: soil, soil moisture, and invertebrate tissue. The soil moisture concentration C;, is 
calculated in accordance with the previous equation using the values of Markwell et al. for the 
empirical constants: 

X = 0.66 
m = 1.029 

They also state the following relationship between soil organisms and soil pore water: 

where 

c, = persistent organic chemical concentration of organism 
9 = equilibrium concentration of chemical in pore water 

= 
6 = 

lipid content of organism 
octanol/water partition coefficient 

P = nonlinearity constant 

Markwell et al. suggest that p approaches unity in most cases. Thus, for this application, p was 
assigned a value of one. 

Substituting for cl,, I& x, and m in this expression results in the relationship: 

The resulting estimated bioaccumulation factors are dependent primarily on the organic carbon 
content of the soil and lipid content of the soil organism. An organic carbon content of 5% was 

- 

- 

- 

- 
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assumed for site soils and sediments. A lipid content of two percent was assumed for soil 
invertebrates based on the work of Stafford et al. (1988) on the earthworm Lumbricus terrestris. 
The resulting estimates of soil invertebrate body burdens of DDTR and PAHs are used to calculate 
contaminant dose and body burdens in higher trophic levels. 

AmDhibians: On April 14,1990, aquatic biota sampling was performed in Area A wetland 
and downstream watercourse areas. The objective was to collect fish samples from within the ponds 
in the downstream area. No fish were observed on that date, but numerous frogs were observed. 
Therefore, frogs were collected instead. The frogs were caught with a net or a hook and line. 

Four frogs were collected from the pond in the wetland area and two were collected from 
streams in the downstream area below the dike. Frog collection locations are on Plate 6-l. The 
frogs were analyzed for pesticides, PCBs, metals, and body lipids. A control frog was collected from 
a pond presumed to be uncontaminated at the Manomet Bird Observatory in Massachusetts. The 
analytical results are in Table 7-1. Note that pesticides and PCBs were not detected in frog tissues 
above the sample quantitation limit. 

Birds and Mammals: The dietary exposure point concentrations for birds and mammals 
that feed on soil invertebrates, estimated as described above, are used to estimate the daily dose 
of compounds to them. The estimates are used to predict possible effects and risks. 

A simple bioaccumulation model was used to predict the body burdens of DDTR and PAHs 
in mammals and birds using bioconcentration factors (BCFs). We restricted this analysis to DDTR 
and PAHs because they were the predominant contaminants on site; DDTR is known to be 
potentially accumulated and transferred in terrestrial food webs. Estimates are compared to 
concentrations in field collected birds from the site. The model uses estimates of concentrations 
of compounds in diet and an estimate of the relative consumption of a particular diet. The 
resulting equation is: 

where: 

GJ = whole body (wet weight) concentration in animal 
BCF = bioconcentration factor (dry weight food to whole animal, wet weight) 
c, = Concentration of contaminant (dry weight) 
D,, = fraction of animal’s diet consisting of the contaminated food 

Bioconcentration factors for birds and mammals for DDTR and PAHs were obtained from reported 
literature values and are presented in Table 7-2. 

d 

Field data were obtained on body burdens of pesticides, PCBs, and metals for some higher 
trophic level organisms in the terrestrial food web. This entailed collecting song birds from the 
wetland and downstream areas and analyzing body burdens (Plate 6-l). 

Fledgling catbirds were collected for this purpose because they had not yet migrated outside 
the study area. Catbirds breed at the edge of the marsh. Gray catbirds migrate to warmer climates 
starting in the early Fall after they have been fledged from the nest. Therefore, if mature birds 
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TABLE 7-l 
AREA A WETLANDS 

SUMMARY OF TISSUE ANALYTICAL DATA (FROG) 
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TABLE 7-l (continued) 
AREA A WETLANDS 

SUMUARY OF TISSUE ANALYTICAL DATA (FROG) 

SAMPLE ID: LOWER STREAM 1 LOWER STREAM 2 LOWER STREAM 2 MB0 18 MB0 18 

PARAMETER MATRIX: Frog Tissue Frog Tissue Fran Liver Control Froa Tissue Control Frog Liver 

Percent Body Lipids (mglgm) 5 ND 93.3 ND 7.5 
..j:::.j::, : : : .:.. . . .; ,;, .. . ..‘. .‘. . . . . .:.>. . . . . . .,. . . “’ . . . . . . . ,.. : ,:.:. ..,., ;,: ,::‘, .” .:.: .:: . . . . . -,,:: .‘.” ‘.. . . . . . . . . . . : . ...,.:, .,,.,:.... ,..,......: .,. . . . . . . . . . . :..,:,:,‘.::.“” . . . . . . . . . . . .,.,,. .’ : ..;:: . .A;. .:: ,,, ,, ,: ” ,: ..::.. .:g&: jjq&j&~~~ (tip rn)‘:-:-..-:.-......:.... : y: x:, ., ,.. . . . . . . . . . .I.,. .: . . . . . . . . . . . . . . . . . .:,: : :. . . . .--.....::::: . . . . . . . . . . . . ., :, . . . . . . . ,. ., ,, ,::. .:’ :.:.::. :. .,.,.,. ,., ::’ ‘:.,‘: ., 

Aluminum 14OJ 35 J NA 13 NA 

Antimony ND 285 NA ND NA 

Arsenic ND ND NA ND NA 

Barium 4.7 ND NA ND NA 

Beryllium ND ND NA ND NA 

Cadmium 0.55 ND NA ND NA 

Calcium 10600 NA 2405 NA 

Chromium ND ND NA ND NA 

Cobalt ND ND NA ND NA 

copper 14 ND NA 1.1 NA 

Iron 3605 23 J NA 13 J NA 

Lead 2.7 ND NA ND NA 

Magnesium 600 290 NA 240 NA --- 
Manganese 18 J 2.2 J NA 0.68 J NA 

Mercury ND ND NA ND NA 

Nickel ND ND NA ND NA 

Potassium 2700 J 29OOJ NA 3000J NA 

Selenium 0.84 0.45 NA 0.65 NA 

Siber NDR NDR NA NDR NA 

Sodium 1200 J 1300 J NA 860J NA 

Thallium ND ND NA ND NA 

Vanadium ND ND NA ND NA 

Zinc 67 J 11 J NA 7.4 J NA 

Boron 4405 4805 NA 450 J NA 

Cyanide ND 5.4 NA 56 NA 
. .,., ,... ,,,I’ . . . . . ,,, 2: . . . . . . . . . . . . . . ” .:,+:: ..,.,. ::::,j .., .: j .‘:. ,,:: ,,, ; : : .‘.,., ‘I::, ,. ., ..: . . . . . ,,,, .::, ,,,: ::.::.~j.~:::j,~,:.,~;:.~:.j:~::::j:I:iliii;:l.:~~~:::‘~:: ::: ‘:;::,I+ ..:..~.:.:::::.:...‘.:-.-;:I:li:.:i.’:”i:’~’:~:~:l.:i. . 

Pe&ides/PCBs 1 
,., 

,; m p.~~~$yp/pcBs(pgm).~.~~,, ; 

ND ND ND ND ND 

NOTES: 
1) Assigned letten adjacent tonumerical valuea are data qualifiers. Refer toSection 22 for futba explanation. 

2) ppbindicates a concentration of parts per tillion; ppm is parts per million. 

3) ND muns not detected, leas than detection limit. Refer to Section 22 for further explanation. NA indicates not analyzed. 

. 

. 

- 
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TABLE 7-2 

DDTR BIOCONCENTRATION FACTORS FOR BIRDS AND MAMMYALS 

- 

AhmAL 

Short-tailed Shrew 

Vole 

White-throated Sparrow 

BCF SOURCE 

0.2 Forsythe and Peterle (1984) 

0.3 Forsythe and Peterle (1984) 

2.2 Mahoney (1974) 

Note: BCF reported as food (dry weight ) to whole body (wet weight). 
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were sampled and the chemical analysis of their tissue detected pesticides or other contaminants, 
it would be more difficult to determine whether exposures occurred within the study site or at other 
migratory designations. 

Once catbird eggs hatch, the young are fed for 12-14 days in the nest, then young birds 
fledge the nest and feed within their territorial boundary (approximately 2.5 acres) for one to two 
months. Catbirds lay three to five eggs and the eggs hatch between late June and July. The diet 
of newly hatched young and fledglings consists of worms, pillbugs, caterpillars, larvae, and beetles, 
i.e., terrestrial invertebrates inhabiting the ground layer. Their exposures to pesticides would occur 
through diet and contact with contaminated water, soil or vegetation. The fledglings reside in their 
territory for approximately 60 days before they migrate to warmer climates in early September. The 
collection of fledgling catbirds occurred at the Groton site in late August. Therefore, pesticides 
detected in their tissues can be associated with exposures occurring within their territory of 2.5 
acres. 

We did not observe catbird eggs in the study area because at the time of sampling in 
August, the catbird’s egglaying season had already passed. Note that song bird eggs do not usually 
exhibit shell thinning usually associated with DDT exposure. Predatory birds are noted for this 
reproductive abnormality associated with pesticide exposure. 

Fourteen gray catbird fledglings were trapped in the Wetland A and downstream areas with 
nets and sacrificed by a physically nondestructive and nonchemical method. Three birds were 
collected from an offsite reference area in Plymouth, Massachusetts to represent offsite birds from 
an uncontaminated area. The reference area is used by the Manomet Bird Observatory for the 
study of bird populations. The bird specimens were stored in borosilicate glass containers. The 
specimens were debeaked, declawed, and their guts were removed before chemical analysis for 
pesticides/PCBs, metals and body lipids. The analytical results of bird specimens are in Table 7-3. 
Note that pesticides and PCBs were not detected in bird tissues above sample quantitation limits 
ranging from 0.75 to 1 mg/kg. 

7.3.3.4 Area A - Aauatic Exposures 

Fish and aquatic invertebrates may be exposed to contaminants in surface water in the 
ponds in the downstream areas, although no fish were observed there. We evaluated these 
exposures via comparison to Ambient Water Quality Criteria and effect levels reported in the 
literature. Benthic invertebrates will be exposed to contaminants via the interstitial pore water in 
sediments in the ponds and streams. We estimated exposure concentrations for these organisms 
by using the equilibrium partitioning method. 

7.3.4 Uncertaintv in EXDOSUIW Estimates 

Uncertainty in the exposure estimates arises from the assumptions underlying the estimates. 
Although we have made conservative assumptions where possible and used documented approaches 
in estimating exposure concentrations, there is uncertainty in the nature of the process. 

Exposure concentration estimates presented here for the Thames River are based on general 
assumptions and not on measurements of flow rates or mixing areas within the river. Therefore, 
the degree of uncertainty in these estimates is great, and they should be viewed as a qualitative 
evaluation only. 
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t I SAMP J&!-P:! MB01 1 MB02 1 MB03 1 MB04 I MB05 I MB06 I ~~07 I nmnR I uuna 1 
PARAMETER 1 MATRIX ’ ~~ 

-.-- - - , -.--- . , -.a-- . , ..SYV Y 
. 1 Bird Ti=ue 1 Bird Tissue 1 Bird Tissae 1 Bird Tissue 1 Bird Tissue 1 Bird Timne 1 Bird Timuc 

Percent Body Lipids (mg/gm) , I 
1 Bird Ti imuc 

17 -, I 
1 BirdTisnue 

1C 14 I 1% I *I: I ,. I .r) I .A? , .I 
..,.. .A... . ..I..::)::.:.~.:...... ,.. I ,:., :::.:.:, :.:,;. .,., ,,,,.....,.,,.,.,... .:::::::,:::.::;::.!: ~::i:I-:::,::~.:i-.::::‘.~:ilii:i:I:!:I:l,:::::,::‘:::,.:~ :::. I 

,~:, .:::,:,:,: :.::: ..::.,: :::::.,.:.:.:.:.>:.::.yy . . . ::.:.. ..:(>:.:,:...:(::>:, .‘.:..: .. .::. .: . . . ..:: .:::: . . . . . :::,: ,:.: :>:. :::.. . . . . . . . . . .:... ..:...:.:..... . . . . .,..... ..,.:... .‘. .‘.’ j” ., . . . . . . . . . . . . . . . . . . . . . . . ‘, :: .&&j@&&& ~~~~-,;ii-:~ii..:.:;:.,:::i.,:: ;:; :. &:::i.: y::.::.;;f& j,: j;.; :,f~~::-:i:::,-::~r,,..b: .;:,: A;:; :ygj:; ..: :I: .;; :;::.,: :;;:; :;:j;,,;j.,::j ‘, ; 
. . . . . . . . . . . . ,. ,.. . . . . . . ~I.~.~.~.~.~./~. . ..‘....:......::::...~......::,.,::.,:::::::~,.~,.~:~:~:::::~:::‘:~’ ‘:‘,‘,‘,‘,j:‘,‘:~::;,: ,.,., ::.:...:..::: .: . ., ..,,. .,..\ ,., 

Aluminum ___- ______ -___ I I -aA I f;a I 97 I aQ I 11 I ?? I A. I ..- 

Antimony 
’ ND 

_.- A.” 
Arsenic ND ND ND 1 ND 

ND 
I ND kD iii ND 

Barium 
ND 

ND 4 ND 1 ND I ND ND ND ND 
Beryllium 

ND 
ND ND ND 

1 Cadmium 
Calcium 
Chromium 
cobalt 
COppX 

I Nil I ND ND 0.4 ND ND 
qD 

1 
ND 2.2 

1 
ND 

1 I 
ND 

1680 13400 9100 8cmo 1 6100 2900 2600 
ND 1.4 1 ND ND ND ND 5.9 ND ND ! 

I 
! 

ND I ND ND 1 ND ND ND 4.5 ND ND “a. a,. I -- I -_ 1 
11 6.2 11 3.1 4.3 
78 J 430J 130 J 76 J 150 J 

TABLE 7-3 
AREA A WETLANDS 

SUMMARY OF TISSUE ANALYTICAL DATA (BIRD) 

1.V 4-u -1.3 7.6 

170 J 65 J 9oJ 665 
ND 

vfagnesium 
1-P- 2.3 1 1.1 1.9 I 

210 430 
danganese 1.3 1.5 1.8 1.5 2.4 I 1.7 I 2.5 

1 ND I 0.98 ND 
330 340 I 320 T 270 I 310 I 320 280 

0.9 

NDR NDR NDR NDR NDR NDR ND1 
Vanadium ND ND ND ND ND ND 6.3 ND 
Zinc 

-ND 
17 J 30 J 24 J 24 J 225 22J 16 J 21 J 20 J 

Boron 630J 7005 740J 7605 730J 700J 820J 7oOJ 720J 
Cyanide . ...,.>::,:+ ::: ,:....: ..: :... .:...... . . . . . ..Y.’ . .,.I. ,; ,~,.cz:,: ,.,,;.;: ,. ::::;.::.::::j .,: :. ::;;,. .,.. :,:>.. .> :..’ . . :. :, :/ . . . .: :/ . . . . :,:,:>:.> ,.... 

, Pesticides/PCBs 

I I I I I I I I i I 



TABLE 7-3 (continued) 
AREA A WETLANDS 

SUMMARY OF TISSUE ANALYTICAL DATA (BIRD) 

Aluminum I I 6.5 I 8.7 41 I ND 11 I 6.5 I NIJ 

I 
_-- .*- -- 

Antimony ND ND 
Arsenic 
Barium 
Beryllium ~_ 
Cadmium 
Calcium 
Chromium 
Cobalt 

z ND 
ND 
ND 
ND ND ! 

1920 7: loo -I- 
1 ND I ND 

ND ND I 
Copper I -7 4.2 I 3.7 -I- 
Iron 83 J 120 J 
Lead ND 0.47 
Magnesium 230 350 
Manganese 22 1.5 ‘1.1 2.6 2.5 2.2 1.5 I 1.1 

Mercury 
Nickel 
Potassium 
Selenium 

Silver Sodium 

Thallium 
Vanadium 
Zinc 

NDJ NDJ NDJ NDJ NDJ NDJ NDJ NDJ 
ND ND ND 7 ND ND ND ND 

3300 3300 3000 4200 2700 3000 3100 
0.37 1 ND ND 0.35 0.38 0.19 0.27 

1.4 R ND ND 7.5 ND ND ND ND 
1100 1200 1200 1500 1100 1200 1100 1100 

NDR NDR NDR NDR NDR NDR 
ND 5.7 -END ND ND ND 

. - a.- * l 9 r 11 1 

NDR NDR 
ND ND 

14 J 21 J 19J 1 21J 1 22. I II J I, .I 

Boron I 710J 1 670 J I 670 J 1 750 J I 7005 6;: 590J 710 J 

Cyanide I 1 ND ND ND ND ND ND ND 
” ,. ” ‘.‘. ..’ ” ” . . :. .> ,.,.,.,.,. .:, ., :,, . . . . . . . . . .,.. :::. . . . . . . .,..... ;.::: ,.,., j’, I’... . . . ....... . . . . . . . . . .>:., i.: . . . . . : : ..: ., .:.... “.. .,.‘.. :.:;; . . ‘: ,.‘,, ““. ..,, ..‘.. . ...: ,. .’ :.: ::.: .I:::,:;, ‘-,:,: :::,j::::...j:~:::~. ..:. j’ ” ‘. :..,: . . . . ..l.. .,::. .2..>. _ _ ., . . ,. . . ,. 1:: .’ ,‘,‘,’ ! :Tre:p&&gp&.jj (jjp &l): ..:, ;., ;,:::; ;:.:.‘:‘i:::::::~,,;,,~::.~::~~~~,~~,.:~:,: .~::~.‘:.:~‘:,.. ., ‘,::.‘:::‘j:::;.:i -,: :2 . . . . . . . . . 

ND I ND I ND ND I ND I ND Pesticides/PC% I ND ND 1 

NOTES: 
1) Assigoed letters adjacent to numerical values are data qualifiers. Refer to Section 22 fcr further explanation. 

2) ppbiodicata a concentration of parta per Liilioo; ppm is parts per million. 

3) ND meaos oot detected, leas than detection limit. Refer to Section 22 for further aplaoatioo. NA iodicates oot analyzed. 



The second source of uncertainty relates to the collection stations for frogs. Frogs were 
collected from the pond in Area A Wetland and from streams in the Downstream Watercourse 
Area. No chemical analyses were performed on sediments from the pond in the wetland. We are, 
therefore, unable to compare exposure concentrations with body burdens for frogs collected from 
this pond. Frogs were not collected from the small ponds in the eastern part of the Downstream 
Watercourse Area; chemical analyses of sediments indicated elevated levels of DDTR in these 
ponds, the highest levels detected in Area A. We are unable to compare frog body burdens from 
this area with exposure concentrations. At the time the frogs were collected, the contaminant 
distribution in sediments was not well characterized. Therefore, results of frog tissue analysis, while 
representative of the areas sampled, may not represent the DDTR levels of amphibians in the more 
highly contaminated regions of Area A. 

There is some uncertainty associated with the pesticide analytical results. The detection 
limits were relatively high in both frog and bird samples (range of 0.75 to 1 mg of contaminant per 
kg of tissue) compared to the laboratory method blanks within the sample batches. The detection 
limit in the reagent blank was 0.3 mg,kg. The reagent blank results indicate how well an instrument 
is performing on that day. The matrix spike recovery was within the normal acceptable range. 
Matrix spike analysis reveals if a known quantity of pesticide can be detected within the actual 
sample medium. Based on the matrix spike and blank results, it is possible that the high detection 
limits may be due to matrix interferences within each sample. The laboratory was asked to re- 
examine the chromatographs. This review indicated a low signal in tissue samples that DDE was 
present in trace amounts below the sample quantitation limits (0.75 to 1 mg/kg). 

7.4 Toxicitv Assessment 

7.4.1 Plants 

Although plants can take up organic contaminants from soil moisture and ground water via 
their roots, in general, uptake is quite low compared to soil concentrations. Some native plants 
growing in soils with high levels of DDTR contamination accumulate DDTR at very low levels (on 
the order of 0.02 mg/kg) while other native plants do not accumulate DDTR to detectable levels 
(Menzie et al., 1991). Based on this information, we concluded that risks to plants from organic 
contaminants at the site are low, and we did not address them further. 

The literature provides concentrations of metals that produce toxic responses in plants. 
Rinne (1986) provides the equivalent of No Observable Adverse Effects Levels (NOAELS) for 
plants and higher trophic level organisms that may be exposed to accumulated levels of 
contaminants in plants. 

- 

7.4.2 Soil and Benthic Invertebrates 
- 

Several analyses presented in this report involve predicting the potential risks associated with 
exposure of soil and benthic invertebrates to contaminants that have dissolved into either ground 
water, soil moisture, or sediment pore water. In evaluating these risks, information is needed on 
the concentrations of contaminants in water that may pose risks to invertebrates that are either 
immersed in or are in communication with contaminated water. 
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Information on toxicity of compounds of interest to terrestrial invertebrates in contact with 
ground water was unavailable; in lieu of these data, aquatic invertebrate toxicity values were used 
to predict effects which may pose similar risks to terrestrial invertebrates in contact with water. 
Toxicities of compounds to terrestrial invertebrates may differ from those to fresh water 
invertebrates. However, the assumption that the terrestrial invertebrate is exposed to as much 
water as a freshwater invertebrate is highly conservative. 

Ambient Water Quality Criteria and acute and chronic No Observed Adverse Effect Levels 
(NOAELs) were used to develop criteria such that aqueous concentrations below these values 
would not pose a risk to invertebrates. Many of the NOAELs are based upon effects of compounds 
on Daphnia magna and Daphnia pulex (water fleas). Information on NOAEL values used in this 
assessment was obtained or derived from a variety of sources and methodologies, detailed below: 

source I Data Used to Derive Toxicitv Criteria 

EPA Water Quality Criteria (1986) WQC or LOAEL 

EPA Interim Sediment Quality Criteria 
(1988) 

Aquire Database (1990) 

Literature Review 

Interim PAH WQC 

Lowest NOAEL or LC, 

Lowest NOAEL or LC~ 

The following methodology was used to derive toxicity criteria: 

If an EPA ambient water quality criterion (WQC) for a compound of interest was available, 
that WQC was used If no WQC was available for the compound, but EPA did provide an 
acute or chronic lowest observed effects level (LOAEL), the LOAEL was multiplied by 0.1 
(an uncertainty factor of 10) to arrive at an acute or chronic NOAEL value. This approach 
is similar to the derivation of toxicological values for hazard assessment to humans. A 
factor of 10 (rather than 100 or 1000) is used since we are evaluating risks to local 
populations rather than any specific sensitive individual animal. 

For polynuclear aromatic hydrocarbons (PANS), EPA has developed interim water quality 
criteria for fluoranthene, pyrene, benzo(a)pyrene, and benzo(a)anthracene. Since no other 
information on toxicity of PAHs to aquatic organisms was available, PAHs whose structures 
are similar to any of those PAHs for which WQC have been developed were assigned an 
equivalent WQC. For example, EPA assigned a chronic WQC of 1.2 u@ for 
benzo(a)pyrene; therefore, in our assessment indeno(l,2,3-cd)pyrene, 
dibenz(a,h)anthracene, and benzo(g,h,i)perylene were also assigned a chronic WQC of 1.2 
ug/l, since these compounds have a similar chemical structure and may induce similar toxic 
effects. 

For some of the compounds, toxicity information was available through EPA’s Aquire 
database. The lowest NOAEL or LOAEL reported for the compound was used, if a 
LOAEL value was obtained, it was adjusted (by a factor of 0.1) as mentioned previously. 
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Recent literature was also reviewed for toxicity data. If the only toxicity data available were 
LC, values, we selected the lowest LC, value for aquatic invertebrates, usually Daphnia 
magna or Daohnia nulex (water flea) and multiplied the value by 0.3 to obtain an acute 
criterion and by 0.05 to obtain a chronic criterion. These values are based upon general 
information concerning the relationship between LCd and acute and chronic acceptable 
concentrations. The method is similar to those applied in water quality evaluations for toxic 
National Pollutant Discharge Elimination System discharges. 

A summary of the acute and chronic toxicity criteria used in this study to assess risks to 
invertebrates is provided in Table 7-4. Note that many of the screening criteria used in Section 4.0 
are based on human health risk associated with fish consumption. The toxicity values used here 
are more applicable and appropriate for an ecological assessment. 

Note that toxicity data were not available for several compounds detected in environmental 
media accessible to ecological receptors. These compounds include carbon disulfide, 2- 
methylphenol, 4-chloroaniline, dibenzofuran, and 2-nitroaniline. Carbon disulfide was detected in 
wetland and downstream area soils, and in sediments and surface water in the downstream area at 
low concentrations (a few ug/l or @kg). Since carbon disulfide can be naturally occurring and it 
was detected in environmental media in Area A at low levels, we assumed that it posed no risk to 
ecological receptors. The other four compounds for which no toxicity data were available, 2- 
methylphenol, 4-&loroaniline, 2-nitroaniline, and dibenzofuran, were only detected in one or two 
surficial soil or sediment samples at relatively low concentrations. (The detected concentration of 
2nitroaniline in a pond sediment sample was 3.1 mgikg. Concentrations of the other compounds 
were less than 1 mg/kg.) Based on the isolated presence of these compounds and their detection 
at relatively low concentrations, we did not address their associated risk further and assumed that 
they do not pose a risk to environmental receptors in Area A. 

7.4.3 Fish and Aauatic Oreanisms 

Exposure concentrations were compared to EPA Ambient Water Quality Criteria to assess 
toxicity of ground water discharging from Goss Cove Landfill, DRMO, and the Lower Subase to 
the Thames River and to assess toxicity of surface water in Area A. If an AWQC was not available 
but a LQAEL was given, a NOAEL was estimated as 10 per cent of the LOAEL. These 
comparisons are on Tables 7-5 (Goss Cove Landfill), 7-6 (DRMO), 7-7 (Lower Subase), and 7-8 
(surface water in Area A). 

7.4.4 Birds and Mammals 

Information was developed on the threshold NOAEL values for exposure to DDTR and 
PAHs in the food of birds and mammals. This assessment is restricted to these compounds based 
on their toxicity, detection on site, and the potential for DDTR to biomagnify in the food chain. 
The toxicity information was acquired through computerized literature searches and through reviews 
of studies summarized or presented in EPA’s Integrated Risk Information System, EPA’s Health 
Effects Assessment Summary Tables (HEAST), Agency for Toxic Substances and Disease Registry 
Profiles, and United States Fish and Wildlife Service reviews of contaminants. 

An effort was made to identify information for three general classes of biological effects: 
lethality, reproductive/developmental endpoints, and other chronic effects (e.g., enlargement of liver 
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TABLE 7-4 

TOXKITY CRITERIA FOR SOIL AND BENTHIC INVERTEBRATES 

Acute Chronic 
Criterion, criterion, 

Benzne 3000 500 b 
Ethylbemme 22500 3750 b 
Toluem. 3810 635 b 

ClllOIOmethnna 

1,l -Dichlometbane 
1 ,t-Dichloroethaue 
1, I-Dichlometbene 
1,2-Dichloroetbese (Total) 
Methylme Chloride 
Tetrachloroetbane 
Mrachlofodbme 
Ricblome&me 
l,l,l-Trichforoetbane 
1 , 1,2-Tricbloroe&u~e 
Vinyl Chloride 

3480 580 b 
11800 2OuO a* 
3480 580 b 
3480 580 b 

68aIO 11ooO b 
9320 2400 
528 84 a* 

4500 2190 a+ 
5400 900 b 
5400 900 b 

Acetone 
2-Butanone 
4-Methyl-2-Pentamme 

3m 5000 b 
3OOoa 5m b 

Carbon Disulfide 

kenaphthene 
4cenaphthylene 
4xl- 
?luoraathme 
?luomle 
l-Methylnaphthalene 
Vaphthalme 
?henanthreoe 

1300 

250 
250 
250 
250 

230 

600 

86 

13 
13 
13 
13 

62 

35 

C 

c** 

c+* 

C 

c** 

a+ 

C 

25 1.2 C 

3e.nz@)Fluoraothene 600 35 c** 
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TABLE 7-4 (CONTINUED) 

TOXICITY CRITERIA FOR SOIL AND BENTHIC INVERTEBRATES 

ACUte Chronic 
Criterion, criterion, 

Referent 
25 1.2 c+* 

bis(2-Ethylhexyl)Phtbalate 
Di-n-Butylphtbalate 
2,4-Dimethylphmol 
4,6-Dinitro-2-methylphenol 
2-Methylphenol 
4-Methylphenol 
Phenol 
Benzoic Acid 
4-cMoroMiline 
Dibemofuran 
2-Nitromiiine 

94 
630 
212 

a+ 
d+‘* 

a* 

1020 256 a* 
38100 6450 be++ 

a* 

100 
0.18 0.0023 

e+ 
a 

9lxl 
85 

160 
4.8 

a+ 
a+ 
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TABLE 7-4 (CONTINUED) 

TOXICITY CRITERIA FOR SOIL AND BENTHIC INVERTEBRATES 

f Acute Chronic 
Criterion, Cl-itdOll, 

Reference 

3.9 1.1 a 

CoPper 

IrOn 

Mangatleae 
Mercury 
Nickel 
SelUliUUl 
Zinc 

18 

82 

2.4 
1400 
260 
120 

12 
loo0 

3.2 

0.012 
160 
35 

110 

Notes: 

a: USEPA (1987) 

b: Aquirc &t&are 

c: USEpA (1988) 

d: US ACOE (h4ay 1984) 

C:lRIS&thSC 

l AWQC calcuhkd a~ 10% of LOEL provided in listed KUZCC 

l * AWQC c#imated from listed aoume 

l **AWQC Acute and chronic c&a~latcd as 0.3 and 0.05 of LCSO, rcrpccdvely 
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TABLE 7-5 

RISKS TO BIOTA IN THE THAMES RlVJ2R GOSS COVE LANDFILL - 

I Amblent W&T MfWUllUIIt Average I - 

I Quality Criteha, ugil concentlation, Co&tration, 
Acute chronic UEn d I 

I TOtUflbZ Elbylbenzene X~-lenc eotd~ 3200 1750 450 610 120 254 118 61 

‘Acmapbthme 170 52 11 7 
Fl-thme 398 4 4.8 
Fluorme 8 6.2 
2-klhylnaphthakne 12 8.2 
Nlptrthlme 2300 62 62 30 
Phiunthrme 

2-Methylphenol 140 45 
Chkthylphenol 500 214 
PkIKbl 1020 256 26 12 
Beuoic Acid 3 20 
DIkl&UIZlU 4 4.5 

.Y.y:, :sx :y;~’ 2:’ ; : ::::,::::: :.;.;>,.:.j . : .._. . ...*: . . . . . . . . . >:: + : 
.- . . I.?.. /.:‘.‘.v.‘: .:I’::.::..:‘-‘~~.~~;~~~~~~~.~~.~~::~~~.~~..~~~.~~~.~.~.~.~.~.~~~.~.~~.~.~.~.~:~,.,::.::.,.::.,.: ,.,..: .,...)........:... * .,..., )., )... ~ .._,)... ..l_j ~....:...:.. :..::.;- . . . . ) ,:,._ ,:, _ i . ..c/.. ( , . . . :..> :. .:. i .::.:. .:.-.:.:: ._..... ii :: :. -, ., ,:... .) . . . ..-.. :...: /.. .,.,. (...:..(.:...:. . . . .-... . . :. : : :.;.: :~,~,~~:~.:::~~::.~:::::::~::~,::~:~:::;:;:,.:::~,:;:::;:~~,.;.;:; ::~~:::::::::::::::‘:,::::(::::::~,~,? $:~‘.:::~ :.:., :T:.cc: :.:” :.:.:.:.: :,;,::,::.,:;~,:~.~:~:~~ ~:,::;r~~~::):::.~:::~~:~i:s:;:~~~~~~ ‘;:::‘;(t:‘;.~,:~.~.::.:..:;:: ,.,, .:, ..,:...:.:.:.:,:.,.:...: :‘(’ >:.:<,.:. .:A..:.:< : .< . .,... .__ : : : :; : ; : : : :. : : . . 
Almninum 36.6 84 
Anmic 85 4.8 ;:‘:.s;:: :;-:;;;g ;: .,.,.,, ., , ,,,. * . . . i Ii Ii <-::::-:, ) r,~:~:~~::~~~~~~~.~~~~~~ :;; ..“;;;. 

Ba-on 
f2dmium 3.9 1.1 

18 12 
h-al loo0 
Led 82 3.2 2.4 2.5 

bganese 226 165 
.sekaium 260 3.5 7 3.6 
zk 120 110 17.6 10.5 I 
Naes: 1) Manmum and Average IS for shallow wells m Goss Cove Landfill. Shading indicates value over AWQC. 
2)oniy c&pounds detected in ai least one shallow groundwater sample from Gas Cove Landfill are listed here. 
3) Ambient Water Quaiity Criteria for the protection of freshwater organisms are from EPA, 1986. 
4)Giteria for volatiles and semi-volatilea are LOAELs (EPA, 1986) multiplied by an unwtainty factor of 0.1. 
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TABLE 7-6 

RISKS TO BIOTA IN THE THAMES RIVER DRMO SITE 

P 

C 

c 

Y 

Ambled Water Maxlmum Average 
Quality Criteria, ug/l 

Acute Chronic 
Concentration, Concehration, 

IS/l Udl 

Il,2-Dichlometh~ (total) 3480 580 2 2 

Boron 
ClKlmiwl 
WV= 
Iron 
Lead 
MangPaese 
Nickel 
seleuium 

8800 5900 
3.9 1.1 4 2.72 
18 12 355 79.36 

1cKlo 4880 1266.6 
82 3.2 3.4 2.68 

loo0 391.5 
1400 160 23.2 18.98 
260 35 23.5 12.38, 
120 110 356 81.06 

N&X 

I) Maximum and Average is for Ballow well8 in D-0. 

Z)Ooly compounds detected in at Ican MY ahdow gmrrdwater vmplc fmm DEMO arc lined here. 

3) A&ii Waler Qualily C&r* for the pmlcclion of freabwUcr orgnnirms are from EPA, 1986. 

4)Cri1u% for volatiler .re LOAELs (EPA, 1986) multiplied by an unce~~inty factor of 0.1. 

5)Shadii indicalcs value ow.r AWQC. 
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TABLE 7-7 
RISKS TO BIOTA IN THE TI-IAMES RIVER 

LOWER BASE 

,.” 
..,. 
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‘.w.V. -““.‘.‘. ..: :. 
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“““. “..“‘_‘.“.‘.‘.“““.’ ‘. ““““‘n’. ‘.’ ~“‘~“~%V. . . . . . ...< . . . . >:.:.x.: .,.,:.~.~.~. ~ ,.,.,.,.,......_,_ ,,_ /,,,, 
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VA’. ., ..A... . .._ /.. .I..,..,.....i..,.._ ,_:. (.,.,_, 
,::::.::. 
..,.:. c,.;,:,, ,,_ ,_,.,, (_l,,r,,i, ,,,,,,, 

. . . . 
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~::::?~.:.:..-- . . . . . . . . . ..u . . . . . ~.:,:.~,:.:.:.:.:..,,...:.:.:.:..,:.:.:.:.,.~,:.~:.:.~.:.:.~.~:.:,:.:.~ . . . . . . . . . . . . . :::~~:~:~~~:~::::::::~::::.:.:.~.:.:.:..’.’.’.’:‘:‘~: 

.... L....... . . . . . . . . . . L n.. ._/, ,,.., ,, __ ,_ ,_ ,\,,,._, _,_,,, 
. . . . . ..i..i.L. ._,.......... :.:.:.g .,.n_, :,:,: ,.,., : : : : : :.:.:.: . . ..iL../ . . . . . . . . . . . . . . . . . . . . . . _,.,..., __,i,_,,~,i,,~,(,,(,,,,,,,,,,,~,, ,, ,. ,_,_ 

:::::. 

,i(,,(,,,,,,,, 
. . . . . . . . . . . . . . . . . . . . . . . . 

. .,. . . . . . . . A.... ,.., 
,_, 

. . 
_,,, 

: : : : : : : : : : : : : ::. . ,_.. :.:. 
,,_ 

,,,,,,,, _, _, 

: : 

530 5 2.60 I Toiuene Xylene Ethylbenzene (total) 3200 1750 36 18 8 0.42 3.15 3.90 

1,l -Dichloroethene 1160 57 4.83 
1) 1,1-Trichlorfxthne 1 2.44 

2 2.48 - -. ._ 
“’ ’ :.:.:.. “v- .“-‘.‘.’ -“.’ ‘.‘.A -:.:.z.:;..:.:.:$:.:.:.:.:,: ..,..I ;: .~::.:.~~,..‘.‘~. .$;.:; :i ‘. 
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,\ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................................................... 

Ahmmum 10600 559.30 
Arsenic 

Boron 
Gdmium 

i2= 

Manganese 
h5ckel 
Selenium 
zinc 

85 4.8 

3.9 1.1 
18 12 

1000 
82 3.2 

8.5 5.07 
42ooO 7753.75 
25.5 3.82 
15.6 11.34 

11600 2461.50 
22.2 4.16 
1090. 246.37 
27.2 19.73 
22 9.36 

63.4 20.68 

1) hhximum and Avemge is foe simllow wcU8 8t Lower Base. 

2)Only compounds detected in at Iart one shallow groundwater maple from Lower Bue are hted ke. 

3)Ambient Water Quality Criteti are from EPA, 1986. 

4)Criteria for volatiles are LOAELJ (EPA, 1986) multiplied by an uncehnty factor of 0.1. 

5)Sading indicates valuer over AWQC. 
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RISKS TO AQUATIC ORGANISMS - AREA A 
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2.4 0.012 
1400 160 
260 35 
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or blood effects). There is a large number of data gaps in the available information. However, 
some information was available on most of the predominant compounds. 

The general procedures used to develop the NOAELs used in this analysis are: 

1. Where RfD-type values presented in the EPA’s HEAST Tables are used, they were 
multiplied by a factor of 10 in recognition of the fact that risks to ecological 
receptors are evaluated not on an a “sensitive” individual basis but on a local 
population basis. 

2. If data were available for LOAEL levels in an animal species, these were divided by 
a factor of 100 to take into account that it is a LOAEL and to adjust for 
uncertainties associated with other inter-species extrapolations. 

3. If data for NOAEL levels were available, these values were adjusted by dividing by 
a factor of 10 to account for inter-species extrapolations. 

4. In some cases where a variety of data were available, a best estimate of NOAEL 
values were made. 

These methods are similar to those used in human health risk assessment. Summaries of NOAEL 
values used in this assessment for birds and mammals are in Table 7-9. 

7.4.5 Uncertainties Related to Toxicitv Information 

The uncertainty in the development of toxicity criteria for soil invertebrates stems from the 
use of aquatic invertebrate toxicity data and from estimating NOARIs from LC, data. Toxicities 
of compounds to soil invertebrates may differ from toxicities to fresh water aquatic invertebrates. 
However, soil invertebrates are generally only exposed to contaminants in soil moisture and this 
exposure is much less that of aquatic invertebrates immersed in water. Therefore, we feel that the 
use of toxicity data from aquatic invertebrates results in the development of conservative criteria. 
We accounted for uncertainty in the developing toxicity criteria through the use of uncertainty 
factors (Refer to Section 7.4.2). 

We also relied on the use of uncertainty factors in developing NOAEL for birds and 
mammals (Section 7.4.4). The main source of uncertainty in this part of the assessment is related 
to the interspecies use of toxicity data. 

7.5 Risk Characterization 

The risk characterization relies upon the Toxicity Quotient Approach as well as on direct 
observations of conditions in the field. These approaches provide an overall “weight of evidence” 
approach for the assessment. The Toxicity Quotient approach involves comparing an exposure 
concentration to a NOAEL. Values that exceed “1” (exposure/effects level) are considered to be 
indicative of potential risk. Such values do not necessarily indicate that an effect will occur but only 
that a lower threshold has been exceeded. Because the NOAEL values typically have uncertainty 
factors of 10 built into them, it is useful to evaluate the significance of the Toxicity Quotients as 
follows: 
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TABLE 7-9 

DOSE RESPONSE VALUES FOR BIRDS AND MAMMALS 

Doses to Birds, mg/kg/day Doses to Mammals, mg/kg/day 
Potential Potential Potential 

Potential Reproductive/ Potential Potential Reproductive/ Other Chronic 
L&ha1 Developmental Other Chronic Lethal Developmental Effects 
Effects Effects EffeCts Effects Efkts 

DDTR 8 0.08 0.29 0.1 2.3 

PAHs 400 0.79 
I 

Noter: 

1)DMR value in birds is estimated as the lowest LDSO value available in the literature multiplied by 0.01; this LD50 value was for 

pheasant assuming they ate 5% of their body weight per day (Lamb et al., 1970). 

2)DDTR reproductive value for birds estimated aa lowcat l vailahla repotted effecta value of 4 mglkg for finches; an ingestion ram 

of 20% of body weight per day was assumed (Oatten and Trabalka, 1983). 

3) DDTR lethal effects value for mammals is the reported mortality level for rats from long term studies multiplied by 0. I (ATSDR, 1988 ). 

4) DDTR developmental effects value for mammals is the NOAEL for rats multiplied by 0.1 (ATSDR, 1988). 

S)DDTR chronic effects levels in mammals is lowest NOAEL value multiplied by 0.1 (ATSDR, 1988) 

6) PAH lethal effects level for birds is NOAEL multiplied by 0.1 (Risler,1987). 

7) PAH chronic cffcc~s value for mammals is the average RfD for 6 PAH compounds multiplied by IO (EPA, 1991). 
,., 

I I I ! I I 1 1 1 



Toxicity Quotient Exceeds “1”: some small potential for environmental effects; 

Toxicity Quotient Exceeds “lo”: good potential that greater exposures could result in effects 
based on experimental evidence; 

Toxicity Quotient Exceeds “100”: effects may be expected based on the fact that this 
represents an exposure level at which effects have been observed in other species. 

In some cases, this section directly compares exposure point concentrations to known toxicity 
data or developed criteria. 

The toxicity quotient approach as used here assumes that risks within a class of compounds 
(e.g., for VOCs) are additive. This does not take into account possible synergistic or antagonistic 
effects among the compounds. 

It should be noted that risks as characterized above provide some insight into general effects 
upon animals in the local population. However, they do not indicate if population-level effects will 
occur. Such an assessment requires careful consideration of the local factors affecting populations. 
We assume that if effects are judged to be insignificant at the average individual level they are 
probably insignificant at the population level. However, if risks are present at the individual level 
they may or may not be important at the population level. 

73.1 Goss Cove Landfill 

Contaminants in ground water are predicted to be discharging to the Thames River. 
However, most of the organic compounds detected in ground water at this location were at 
concentrations well below their AWQC or NOAELs (Table 7-5). The exceptions were naphthalene 
and 2,4dimethylphenol whose maximum concentrations detected in one ground water sample were 
above their respective NOAELs. The average ground water concentrations of these compounds 
for this site were below the N0AEI.s. Since the average ground water concentration is more 
representative of concentrations discharged to the Thames River from this site, the organic 
compounds in ground water at Goss Cove Landfill are unlikely to pose a risk to aquatic biota in 
the river. 

Of the metals detected in ground water, maximum concentrations of arsenic, cadmium, 
copper, iron, and lead and average concentrations of arsenic, cadmium, copper, and iron were above 
their AWQC. The AWQC for iron, 1000 ug/l, is based on aesthetic reasons rather than on toxicity 
(EPA, 1986). Therefore, its exceedance does not necessarily result in a toxic risk to aquatic biota. 
Maximum and average concentrations for the remaining metals were on the same order of 
magnitude as the AWQC. However, the average concentrations were elevated because they were 
calculated using one half the CRDL for non-detected concentrations; one half the CRDL for 
arsenic, cadmium, and copper is above the chronic AWQC. The concentrations discharged to the 
river are likely to be lower than the average concentrations due to adsorption to soil and sediment. 
Assuming a the estimated dilution of ground water discharge at the water:sediment interface for 
this site, the maximum exposure concentration in the river due to ground water discharge from the 
site will be on the order of 100 times less than the AWQC. Therefore, based on the ground water 
quality data collected to date, we do not expect the discharge of contaminants in ground water from 
the Goss Cove Landfill to pose a threat to ecological receptors in the Thames River. 
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7.5.2 DRMO and Lower Subase 

The VOCs in ground water samples from the DRMO and Lower Subase sites were detected 
at concentrations well below their AWQC (Tables 7-6 and 7-7), and, therefore, their discharge to 
the Thames River is unlikely to pose an ecological risk. 

The metals arsenic, cadmium, copper, iron, lead, nickel, and zinc were detected in ground 
water samples from these sites above their AWQC. As stated in the previous section, iron is not 
expected to pose an ecological risk. Although the other metals were detected above the lowest 
AWQC, average concentrations were on the same order of magnitude as the criteria. As ground 
water discharges to the Thames River, contaminant concentrations will be much less due to dilution 
of the ground water discharge at the water:sediment interface. Therefore, we do not expect these 
metals to pose an ecological risk to biota in the river. -. 

7.53 Area A 

This section characterizes the ecological risks due to site contaminants in Area A Wetland, 
Over Bank Disposal Area, and Downstream Watercourses. 

7.5.3.1 Terrestrial - Risks to Plants Due to Metals in Soils 

As discussed is Section 7.4.1, organic compounds detected in soils in Area A are not 
expected to affect plant growth. Therefore, this section focusses on risks to plants in Area A due 
to metals. 

Metals concentrations in soils and sediments in Area A are summarized in Table 7-10 
(wetlands soils), Table 7-11 (downstream soils), and Table 7-12 (downstream sediments). ,Summary 
tables with the metals concentrations of individual soil samples are in Appendix F-2. These tables 
do not include metals totally excluded from risk assessment as described in Section (6.1.3). The 
tables have summary statistics of maxima and averages, and compare these data to what we are 
considering to be background concentrations (The 95% upper confidence limit on the geometric 
mean of soils data presented in Shacklette and Boemgen (1984)) and to soil clean-up guidelines 
based on toxicity to plants and to higher organisms (livestock and humans) that may eat plant 
products (Rinne, 1986). 

Note that the vegetation in Area A is abundant and does not appear to beg stressed. 
Potential risks to wetland plants are likely to be mitigated by the lack of sensitive species in this 
area. The plant species present in this area, such as the Phragmites in the wetland, are relatively 
tolerant of contaminants in soil. Phragmites are an opportunistic species that grow well in disturbed 
soil such as that of the Area A wetland. 

The bioavailability of metals in soils and sediments is dependent on soil characteristics 
including pH, the oxidation/reduction potential of the soil, the presence of available sulfide, and 
cation exchange capacity. Metals toxicity to plants depends both on these soil characteristics and 
on the presence of other metals or salts that may prevent the plant from taking up the metal. The 
phytotoxicity of soil metal concentrations discussed here should be viewed as guidelines for 
potential toxicity rather than indicators of environmental harm. 

- 

- 

- 
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TABLE 7-10 

RISKS TO PUNTS AND PLANT-EATING ORGANISMS FROM METALS IN 
SURFICIAL SOILS 
AREAAWETLAND 

. 
N berf 

Minimum Maximum Average Background Protective 
Number Number Concentration, Concentration, Conceutration, Conmtration, 

iE&iet 
Above 

Analyzed Detected wm! mm2 
Criteria, 

mg/kg wig Background wit/kg 
Alummum 18 18 4810 22200 16000 56 272000 0 
Al-S&C 18 18 0.77 13.9 8.1; 31.5 0 25 
Beryllium 18 16 0.39 1.8 0.87 3.52 0 

I Boron 
cadmium 

18 17 
18 17 

16 
0 4 Y z I Copper 18 18 6.7 71.5 41.76 102 0 300 

bon 18 18 6540 25802.22 115000 0 

I” 18 
Manganese 18 

18 
18 

3.6 ~~~~~~~~~~~~~~~~~~~~~~ 
.+:.:.:.:.>:.:.>;.:.~.:+:.:.~...~...&.::..; . . . . . . . . 53.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . t . . . . . ../...... <.&:.ti..., . . . . . . . . . . . . . . . . . . . . . . :. 

121 365 234.72 3794 
7 
0 

500 

MeGlXy 18 12 0.22 x,llnE,~s~:i~~~~ . . . . . . . . . . . . . . . . . . . . .,. . . .,.,.,.,,,.,.,.,. . .A.. . . . . . . ,.,.......,. . . . . . . . . . . . . . .,.. .$.. ..,. ~:.~~~:.:.:.~:.):.:.: .., 0.29 0.51 2 1 
Nickel 18 

.C.....%.A..A. A.. . ..A . ..A. A.. . . ..A.......... 7.. ,.,.C..,.. 
18 4.4 28.2 20.31 76.7 0 200 

Selenium 18 14 0.7 1.6 0.96 1.79 0 2 
Zinc 18 18 19.6 127 77.75 178 0 800 

Nolar: 

l)Background concentration ir 95% upper limit for Eat& U.S. (Shackletta and Bocmgen, 1984); cadmium background 

concentration ir from Dragun (1988) and Liak (1972). 

2) Protective Criteria developed by Rinne (1986). 

3) Shading indicatea roil concentrationa above background. 



TABLE 7-11 

RISKS TO PLANTS AND PLANT-EATING ORGANISMS FROM METALS IN 

SURFICIAL SOILS 
AREA A - DOWNSTREAM AND OBDA 

‘I 

1 

; 

1 
4 
t 
1 
1 
1 
1 
! 
A . 

tllumlmml 

N berf 
Minimum Maximum 

Number Number 
Average Background 

Analyzed Detected 
Concentration, Concentration Conceutration, Concentration, 

Z2qde.t Protective 
Above 

Wkg 
Criteria, 

mg/k mg/kg mg/kg Background mg/kg 
15 15 4080 26200 12773.33 271817 0 

fll%XliC 

Beryllium 
Boron 
Cadmium 
Eopper 
bl 

mnganese 
Nickel 
Selenium 
Zinc 

15 15 0.58 
15 14 0.37 
15 13 41 
15 14 1.2 
15 15 10.6 
15 15 7220 
15 15 5 
15 15 94.6 
15 15 4.4 
15 9 0.33 
15 15 18.2 

~~~~~~~~~~~~~~ :.:.:.x<.: .,.,.,.,.,.,. .:.:.:.:.:.:.~~.~.:.:.:.:~.:~.:.:.~:.:.:.:~.:~.~.:.:.:.:. 7.94 31.5 1 25 
1.8 0.81 3.52 0 

::::::::::::::::::~.:.::::y ::>:?.:::$.::::::?.::::g, :... . . . . . ‘.‘;;.‘.i:.: .,.,.,... ‘.:~~;.~;.:::.~.~.~.:~.:.:.~~~.: .,...........,.......,.....,.... -. . . . . .A.,... n...... ‘,‘...‘.‘,:.~.:,~.~.~.:.~~,:,~,~,: .,,,.,,,,_ 7 
~~$~~~; ~~~:~~:~:~~~:~: 31.69 102 

115000 
53.2 

1020 319.17 3794 
44.6 17.95 76.7 

10 
3 4 
2 300 
2 
4 500 
0 
0 200 

1)Background concentration ia 95% upper limit for Eaatcm U.S. (Shacklettc and Bocmgen, 1984); cadmium concentration from 

Dragun (1988) and Lirk (1972). 

2) Protective Criteria developed by Rinne (1986). 

3) Shading indicatea aoil concentration above background. 



1 

j;l 
cd 

TABLE 7-12 

RISKS TO PLANTS AND PLANT-EATING ORGANISMS PROM METALS IN SEDIMENTS 

Number Number of 

z 
Number of of Times Minimum Maximum Average 
Samples 

Background Samples Protective 
Metal Concentration, Concentration, Concentration, Concentration, Above 

Analyzed Detected 
Criteria, 

w~kl! mg/kg milk @kg Background n-Q&! 
Alummum 13 13 1710 33100 12115.38 271817 0 

13 12 0.83 0 25 
13 9 0.36 2 

7 Boron 13 12 60 8 
3 cadmium 13 13 1.2 2 4 

copper 13 13 8.8 94.3 31.62 102 0 300 
Imn 13 13 8000 62400 19334.62 115000 0 

13 13 8.7 ~~~~~~~~~~~ 29.80 53.2 2 500 
Manganese 13 

. . . . . . ..v..... ii. . . . . . . . . . . .,.i,., .A.. .:. ::. ., ,. 
13 102 657 231.85 3794 0 

* Mercury 13 2 0.15 0.26 0.11 0.51 0 1 
Nickel 13 13 4.1 27.9 12.92 76.7 0 200 
Selenium 
Zinc 

13 3 0.28 ..... .\. ............... ..i............ .......:.:.~:.:.:.~ .,.,.,,,.,.,:.,,,,,.: .y:.: :,:,:,::,,., ................. 0.65 1.79 1 2 
13 13 37.7 ........ 

....... : ~~~~~~gi~~ii;s~~~~~~~ 
EC.:. ... .:....:.: ...................... ... ........................ . . j~:~~:?.~:::::::::::::: 125.32 178 2 800 

Notes: 1)thckground concentration is 95% upper limit for Eastern U.S. (ShacWette and Boemgen, 1984); cadmium background concentration 

from Dragun (1988) and Liak (1972). 

2) protective Criteria developed by Rinnc (1986). 

3) Shading indicates sediment concentration above roil background. 



The metals not detected in soil or sediments in Area A (from the ground surface to a depth 
of four feet) or detected at levels below background are aluminum, antimony, manganese, nickel, 
and the metals excluded from the human health risk assessment. These metals are at levels that 
can be considered naturally occurring in soils and sediments. Therefore, they do not pose a threat 
of ecological harm in this area. 

The remaining metals to be addressed in this section are arsenic, beryllium, boron, ‘cadmium, 
copper, iron, lead, mercury, selenium, and zinc. Overall, the risks to plants and higher trophic level 
organisms eating plants due to these metals appear to be low. The remainder of this section 
discusses these risks by area and by metal. 

Wetland: Metals detected in wetlands soil and sediment samples above background or 
recommended clean-up levels (Rinne, 1986) included boron, cadmium, lead, and mercury. Boron 
was detected above the published background concentration of 109 mg/kg in many of the soil and 
sediment samples from Area A. Boron is an essential nutrient for plants (Buckman and Bradley, 
1969). The availability of boron to plants is pH dependent; more boron is available at lower soil 
pH values. Boron toxicity is related to the water-soluble portion of the soil boron concentration. 
Depressed seed germination and reduced growth of dwarf beans has been attributed to water 
soluble boron toxicity (Lepp, 1981). Since we do not know the water soluble fraction of the boron 
detected in site soils and sediments, we are unable to assess its potential ecological risks. However, 
since vegetation at the site is not stressed despite the elevated levels of boron detected in soil 
throughout the area, it is likely that the risk to site vegetation due to boron soil and’sediment 
concentrations is low. There is some evidence to suggest that boron concentrations in plant tissues 
are related to soil concentrations (Lepp, 1981). We are unable to assess whether the levels of 
boron in surficial soils and sediments in Area A pose a risk to higher trophic level organisms 
feeding on site vegetation. 

Lead was detected ahove background levels in seven out of 18 samples (up to 298 mg/kg) 
and mercury was detected above background in two of 18 samples (up to 0.69 mg/kg). However, 
lead concentrations in these samples were below 500 mg/kg, a concentration toxic to some tree 
seedlings (Jaworski, 1979). Below a soil mercury concentration of 2 mg/kg, mercury does not build 
up in plant tissues to levels toxic to the plant (Monenco, 1984). Both these concentrations are 
considered protective of higher organisms (livestock and humans) feeding on plant tissues. 
Therefore, we do not expect lead or mercury in wetland soils to pose an ecological risk. 

Lower soil cadmium concentrations of 5 to 8 mg/kg have been demonstrated to be 
phytotoxic (Chaney, 1982; Kabata-Pendias, 1984; Davis et al., 1978). In comparison, soil 
background concentrations of cadmium may range up to 7 mg/kg (Dragun, 1988). Since phytotoxic 
cadmium concentrations may be within the range of background concentrations, cadmium toxicity 
depends on other site specific conditions such as soil pH and the presence of oxygen and on the 
cadmium tolerance of the plants present. Cadmium concentrations in shallow wetland soils (from 
the ground surface to a depth of 4 feet) exceeded 5 mg/kg in four samples and ranged up to 6.9 
mgikg. This indicates small potential risks to plants in the wetland. It is uncertain whether 
cadmium at these concentrations can be transferred to plant tissues at levels toxic to higher 
organisms (Rinne, 1986). However, vegetation in the wetland does not appear stressed and it is 
likely that the ecological risk posed by these levels of cadmium in wetland soil are minimal. 
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Downstream and Over Bank DisPosal Area Soil: In surficial soils in the downstream area 
and the Over Bank Disposal Area, arsenic, boron, cadmium, copper, iron, lead, selenium, and zinc 
were detected at concentrations above background. Risks to plants due to boron were addressed 
previously. 

Arsenic was detected above background in one soil sample in the Over Bank Disposal Area 
at a concentration of 39.9 mg’kg. This concentration is above a level reported to reduce crop yields 
in sensitive plants (25 mg/kg; Walsh and Keeney, 1975). Since sensitive species are unlikely to be 
present in this area, an elevated arsenic concentration was detected in only one sample, and 
vegetation on site appears robust, it is unlikely that arsenic in soil in this area is a source of 
ecological risk. 

Although copper, lead, and selenium were detected in several surficial soil samples at 
concentrations above background in the downstream area, they were below guideline concentrations 
protective of plants and higher trophic level organisms eating the plants. Therefore, the presence 
of these metals in soils sediments in this area does not pose an ecological risk. 

Eight out of 15 surficial soil samples in this area had cadmium levels potentially toxic to 
plants, up to 30.1 mg/kg. The cadmium distribution in this area is similar to that in wetland soils. 
As in the wetland, the lack of stressed vegetation in this area indicates that the ecological risks 
posed by cadmium to site vegetation are small. In three sediment samples from the Over Bank 
Disposal Area, however, soil cadmium concentrations were at levels that may pose risks to higher 
organisms feeding on plant tissues (Monenco, 1984). 

Iron was detected above background (115,000 mg/kg) in two sediment samples from the 
Over Bank Disposal Area. Since iron is an essential element to plant nutrition, is relatively non- 
toxic (Forstner and Wittmann, 1981), and was detected above background in only two samples, its 
presence is unlikely to pose an ecological risk in Area A. 

Zinc concentrations in soils were above background and phytotoxic levels in two samples 
from the Over Bank Disposal Area (410 and 2,720 mg/kg). Studies have shown zinc toxicity to 
plants at 200 to 400 mgjkg (Davis et al., 1978; Monenco, 1984). As with cadmium, the lack of 
stressed vegetation in this area indicates that risks to site vegetation due to zinc in surficial soils are 
low. Soil zinc concentrations at these levels could pose risks to higher trophic level organisms 
feeding on plants (NAS, 1980). However, since only two of 18 soil samples from the downstream 
area had elevated zinc levels, it is likely that the ecological risks due to zinc in soils in this area are 
low. 

Downstream Area Sediments: Pond and stream sediments in the downstream area had 
concentrations of beryllium, boron, cadmium, lead, selenium, and zinc above background levels for 
surficial soils. In general, sediments in the unnamed ponds (Sample designations 2DSD1,2DSD2, 
and 2DSD4) had more metals at concentrations above surficial soil background than other 
sediments. Concentrations were within background in the North Lake sediment sample (2DSDlO) 
and in the downstream outfall sediment sample from the Thames River (2DSD13). Only boron was 
elevated above background in the upstream outfall Thames River sediment sample (2DSD12). 

The elevated boron concentrations were detected in stream sediment samples from the 
eastern portion of the downstream area. Ecological risks due to soil and sediment concentrations 
of boron at the site were discussed previously. 
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Beryllium was detected above the 3.52 mg/kg background concentration for surficial soils 
in two sediment samples (2DSDl and 2DSD2) from the easternmost pond. Beryllium was at 
background levels in stream sediment samples. Since the concentration in these samples was only 
slightly above background (4.1 and 5.4 mg/kg) and beryllium was not detected in pond water, the 
ecological risk due to beryllium in these pond sediments appears to be low. 

Cadmium was detected in two sediment samples from the eastern pond (2DSDl and 
2DSD2) and in some stream sediments at concentrations above the 4 mgikg guideline protective 
of both plants and organisms consuming those plants. The cadmium concentrations in the stream 
sediment samples were only slightly above this guideline. Although the pond sediment cadmium 
concentrations were higher (13.8 and 12.3 mg/kg), cadmium was not detected in the pond surface 
water. Therefore, the ecological risks due to cadmium in downstream sediments is low. 

The lead concentration in a sediment sample from the central pond (2DSD4) and one 
stream sediment sample (2DSD7) exceeded background levels for surficial soils but were well below 
the 500 mg/kg guideline based on toxicity to plants and higher organisms consuming plants. Lead 
was not detected in the surface water sample from the central pond but was detected in the 
corresponding stream sample (2DSW7) slightly above the chronic ambient water quality criterion. 
Therefore, the ecological risks due to lead in downstream sediments is low. 

Selenium was only detected above background level for surficial soils in the sediment sample 
from the central pond (2DSD4) at a concentrations of 3 mg/kg. This level slightly exceeds the 
guideline concentration of 2 mg/kg protective of plants and of organisms consuming plants. 
Selenium was not detected in the surface water sample from the central pond. Therefore, we 
believe that the ecological risks due to selenium in central pond sediments are low. : 

Zinc concentrations in sediments above surficial soil background levels were only detected 
in the two samples from the eastern pond (2DSDl and 2DSD2). These concentrations of 617 
mg/kg and 291 mg/kg were below levels shown to be phytotoxic but were above concentrations that 
could have potential toxic effects on higher organisms consuming the plants. However, since zinc 
concentrations in surface water samples from the eastern pond were well below the ambient water 
quality criteria, we conclude that the risks due to zinc in eastern pond sediments are low. -. 

753.2 Terrestrial - Risks to Soil Invertebrates 
- 

Risks to soil invertebrates (e.g., earthworms, beetle larvae, soil insects) were evaluated using 
two methods and were examined for soils in Area A wetlands and downstream area. Bear in mind 
that we are referring to wetland soils; these samples were referred to as “sediments” in the other 
sections of this report. The methods include evaluation of exposure to contaminants in soil 
moisture using the Equilibrium Partitioning Approach, and evaluation of exposures to contaminants 
in ground water that may discharge to the surface of the wetlands. 

Euuilibrium Partitioniw ADDroach 

The Equilibrium Partitioning Method developed by the USEPA was used to evaluate the 
risks to soil invertebrates. Toxicity quotients that represent a chronic soil quality criterion for soil 
invertebrates divided by the sample concentration are compared on Figures 7-1A (VOCs), 7-1B 
(SVOCs), 7-1C (DDTR), and 7-1D (PCBs) for wetland soils and on Figures 7-2A (VOCs), 7-2B 

- 

-- 

- 

- 
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(SVOCs), 7-2C (DDTR), and 7-2D (PCBs) for soils in the downstream area. Calculations are in 
Appendix F-3. 

The application of the EP Method to soils assumes that soil invertebrates will be exposed 
continuously to soil moisture in the same sense that benthic invertebrates may be exposed to 
interstitial pore water. This assumption is conservative. In recognition of this conservative 
assumption, we consider that a potential for risk to soil invertebrates exists for locations in the 
wetlands with toxicity quotients of 10 or greater, i.e., an order of magnitude greater than what is 
typically evaluated for aquatic sediments. Because of the uncertainty associated with this 
assessment, results should be viewed as qualitative. 

Area A Wetland: Toxicity quotients derived by the equilibrium partition method for soil 
invertebrates in the Area A wetland were generally low indicating a low potential of risk to soil 
invertebrates, the organisms in this area receiving the greatest exposure to site contaminants. 
Toxicity quotients in Area A wetland soils were less than ten; a few locations had quotients greater 
than one. Two sample locations in the northern comer of the wetland, 2WSD7 and 2WTB& had 
toxicity quotients slightly greater than 1 for acetone. As discussed in Section 4.0, the detection of 
acetone in the samples may not have been representative of site conditions as acetone is a possible 
laboratory contaminant. The remaining toxicity quotients for VOCs were well below 1 indicating 
that VOCs in Area A Wetland soils do not represent an ecological risk to soil invertebrates. One 
surficial soil sample location, 2WTB8, had a toxicity quotient slightly greater than 1 for bis(2- 
ethylhexyl)phthalate and sample 2WMW5S had a toxicity quotient near 1 for this compound. This 
may not represent a risk as this compound is ubiquitous in the environment due to its use as a 
plasticizer. Sample location 2WSD9 just to the west of Area A Wetland near the Weapons Center 
had toxicity quotients above 1 but below 10 for several polynuclear aromatic hydrocarbons (PAHs). 
The remaining sample locations had toxicity quotients for semi-volatile organic compounds well 
below one. 

The pesticides detected in Area A Wetland soils and sediments were DDT and its 
breakdown products DDE and DDT (DDTR). Since detection limits for DDTR in soil and 
sediment were relatively high and we calculated our toxicity quotient based on one half the average 
sample quantitation limit for sample locations where a compound was not detected, locations where 
DDTR was not detected had a pesticide toxicity quotient of 1.4. Although a few soil/sediment 
sample locations in the Area A Wetland had DDTR toxicity quotients greater than 1.4, none had 
quotients greater than ten. 

One wetland soil sample location, 2WTB2, had a toxicity quotient near 1 for PCBs. The 
remaining soil sample locations in Area A Wetland had PCB toxicity quotients well below 1. 

Although the toxicity quotient approach indicates the potential for risk to soil invertebrates 
in a few locations in Area A Wetland, overall the potential risk appears to be low. However, the 
previous verification study detected DDTR at some locations within the wetland area at higher 
concentrations than this study which could suggest a higher potential risk. 

Area A Downstream: In Area A Downstream, DDTR poses a slight risk to soil 
invertebrates at some locations. Toxicity quotients for the other classes of compounds were well 
below one. Relatively few (5) shallow soil samples were collected from Area A Downstream and 
of these, only one represents surficial soil (from the ground surface). The other 
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samples came from depths less than 4 feet from the ground surface but greater than 2 feet. As in 
the Area A Wetlands, some samples (2DMWlOS, 2DMWllS, and 2DMW15S) had DDTR toxicity 
quotients greater than 1 due to high detection limits. Sample locations 3MW12S (the surficial 
sample) and 2DMW16S had DDTR toxicity quotients greater than 1 but less than 10. 

Over Bank Distmsal Area: In the Over Bank Disposal Area, toxicity quotients for DDTR 
ranged up to 11,000 indicating substantial risk to soil invertebrates from DDTR in soil and 
sediments. Toxicity quotients for the other classes of compounds were well below 1. 

Evaluation of Risks to Soil Invertebrates Due to Ground Water Discharge to Surface Soils 

The second approach used to evaluate potential risks to soil invertebrates considered 
periodic discharge of ground water to the ground surface. Concentrations of contaminants in 
ground water were compared to acute and chronic No Observed Adverse Effect Levels for the 
compounds derived from reviews of the literature (Table 7-4). Toxicity quotients exceeding “1” 
were judged to indicate some potential for risk. Toxicity quotients for total metals are compared 
on Figure 7-3. Calculations of toxicity quotients for individual metals are in Appendix F-4. 

With the exception of a very low concentration of total xylenes detected in one well in the 
Area A wetland, synthetic organic compounds were not detected in shallow ground water in the 
Area A Wetland, Downstream, or the Over Bank Disposal Area. Therefore, there is no risk to soil 
invertebrates in these areas from organic compounds in ground water. 

Toxicity quotients for individual metals in ground water discharged to the ground surface 
exceeded one at several locations but did not exceed ten. Total metal toxicity quotients, assuming 
additivity, ranged from one to ten for acute risks and ten to 100 for chronic risks. A toxicity 
quotient in this range may only reflect a slight potential for risk to soil invertebrates since 
environmental processes may transform metals and reduce their dissolved concentrations when the 
ground water reaches the ground surface. Ground water in wetland areas which are characterized 
by organic soils can be anoxic due to microbial degradation of organic carbon. Many metals 
present in naturally occurring levels in soils are more soluble in an anoxic environment (low Eh). 
When anoxic ground water discharges to the oxygenated surface environment, some of the metals 
may precipitate or floe and not be bioavailable in the dissolved form. 

Toxicity quotients for metals in ground water that may be discharged to the ground surface 
in Area A indicate slight potential acute risks to soil invertebrates due to aluminum, cadmium, and 
zinc, and slight potential chronic risks due to arsenic, beryllium, copper, and mercury. Toxicity 
quotients for these metals for some ground water samples ranged up to ten. The samples of 
shallow ground water that had toxicity quotients in this range for aluminum, cadmium, and zinc 
came from well 2WMW3S (cadmium) in the eastern portion of the Area A Landfill, well 2WMW5S 
(cadmium) in the center of the Area A Wetland, and well 2WMW6S (aluminum and zinc) just east 
of the Area A Wetland and south of the Weapons Center. Well 2WMW5S is closer to a ground 
water discharge area and may better represent risks to soil invertebrates in this area. 

In Area A Downstream and the Over Bank Disposal Area, toxicity quotients between 1 and 
10 for individual metals in shallow ground water possibly discharging to the ground surface indicate 
a slight potential for chronic risk due to some metals at a few locations. At well location 
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2DMWllS on the eastern end of the downstream area, toxicity quotients for arsenic, beryllium, 
cadmium, and mercury indicate slight potential chronic risk to soil invertebrates. Toxicity quotients 
also indicate slight potential chronic risks due to these metals plus copper at well locations 
2DMWl6S east of North Lake and 3MW12S in the Over Bank Disposal Area. As well 3hJW12S 
is close to a ground water discharge area, it may better represent risks to soil invertebrates in this 
area. 

Overall, risks to soil invertebrates due to the periodic discharge of ground water to the 
ground surface in Area A are low. The potential slight risks in this area are due to the metals 
aluminum, arsenic, beryllium, cadmium, mercury, and zinc in ground water. 

7.5.3.3 Terrestrial - Risks to Mammals and Birds 

Risks to small mammals and birds were evaluated for DDTR and PAHs by estimating the 
body burdens of soil invertebrates and using this estimate to calculate a daily dose. These estimates 
were made for maximum and average DDTR and PAH soil concentrations in the Area A Wetland 
and Area A Downstream. These exposure levels were compared to dose/response thresholds for 
various biological endpoints (lethality, reproduction/development, and other chronic effects; Table 
7-9). 

We restricted this analysis to DDTR and PAHs based on professional judgement concerning 
toxicity of the compounds and concentrations in soil. Other compounds detected in these areas 
either were at concentrations that did not pose a risk to soil invertebrates, the most exposed biota 
on site, or were only detected at risk-posing levels in a few locations. Although PAHs were only 
at levels with toxicity quotients above one in a few locations, we evaluated their risk to small 
mammals and birds based on their elevated maximum and average soil concentrations and their 
potential for bioaccumulation in soil invertebrates. The average soil concentrations may be 
overestimates of actual concentrations since detection limits were high for many samples and 
averages were calculated using one half the average sample quantitation limit. 

Small mammals that forage on soil invertebrates: In the case of small invertebrate-eating 
mammals, we assumed that the shrew represents the worst case exposure. Shrews can forage on 
soils invertebrates throughout the site and can consume up to their body weight per day. Shrews 
utilize habitat similar to Area A, and although they were not observed at the site, we included them 
in this analysis because they are likely to be found there and because they would be more likely to 
be exposed than other small mammals. We assumed that the shrews’ diet would consist solely of 
soil invertebrates either from the Area A wetland or from the downstream watercourse area and 
that they consume their body weight in soil invertebrates per day. (By comparison, rats eat 5% of 
their body weight per day and mice 13%,). The shrews estimated ingestion rate (dose) of DDTR 
and PAHs is in Table 7-13. 

Comparing our estimated doses with DDTR doses that have been shown to produce toxic 
effects in small mammals (Table 7-9) shows that risks to shrews in the Area A wetland are minimal. 
The average estimated dose (0.004 mg/kg/day) and the maximum dose (0.01 mg/kg/day) are well 
below levels reported to cause toxic effects in small mammals. Similarly, based on the few surficial 
soil samples collected from Area A Downstream, estimated daily DDTR doses to shrews are at 
levels well below those shown to have toxic effects (maximum dose of 0.014 mg/kg/day and average 
dose of 0.006 mg/k@day). In comparison, risks to shrews in the Over Bank Disposal Area due to 
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TABLE 7-13 
DAILY DOSE OF DDTR AND PAHs TO SMALL MAMMALS AND BIRDS 

Estimated Soil Daily m Daily Dose- 
Invertebrate Shrew, Song Bird, 
Body Burden, WWW, mgfltg/daY, 
mgkg, dry weight wet weight wet weight 
Maximum Average Maximum Average Maximum Average 

Ares A Wetland 0.07 0.02 0.014 0.004 0.0028 O.tXIO8 

I Over Bank Dispod Area 144 27 

I 

28.8 5.4 

I 

5.76 1.08 

I 
Downstream Area A 0.07 0.03 

Over Bank Disposal Area 3.9 2.2 0.78 0.44 0.156 0.088 

Downstream Area A 0.03 0.11 0.006 0.022 0.0012 0.0044 



DDTR are substantial. The average dose of 5.4 mg/kg/day exceeds reported lethal dose. Note that 
the assumptions in this estimate, especially the assumption that shrews are consuming only 
contaminated soil invertebrates from the site, are conservative. Shrews in the Over Bank Disposal 
Area are likely to consume soil invertebrates from a wider area and some of the invertebrates 
consumed are likely to contain lower body burdens of DDTR. Although our dose estimate is 
conservative, it serves to indicate the potential for risk to small insectivorous mammals in the Over 
Bank Disposal Area due to DDTR. 

A dose of 0.79 mg/kg/day of PAH has been shown to have potential chronic effects on small 
mammals (HEAST, 1990). The estimated average dose to shrews feeding exclusively on soil 
invertebrates in the Over Bank Disposal Area and Downstream Areas are below this number 
indicating that risks to small insectivorous animals in these area are minimal. The maximum dose 
due to the ingestion of soil invertebrates in the Over Bank Disposal Area is at the level that has 
been shown to have potential chronic effects in small mammals. However, the average PAH dose 
due to ingestion of soil invertebrates is more representative of a shrew’s exposure. 

The average PAH dose from soil invertebrates in Area A Wetland is 2 mg/kg/day, well 
above a level shown to cause potential chronic effects in small mammals. However, this elevated 
average dose is due to one surficial soil sample from just to the west of the wetland (2WSD9) and 
east of the weapons center that had a PAH concentration 2 orders of magnitude above PAH 
concentrations in the rest of the wetland soil samples. When the average PAH dose is calculated 
without this sample, the average dose is a magnitude of order lower, approximately 0.2 mg/kg/day. 
Since this dose is more representative of PAH exposure concentrations to shrews in Area A 
Wetland, and it is lower than those causing potential chronic effects, the risk to shrews in this area 
due to PAHs in soil invertebrates is low. 

Small Plant-EatinP Mammals that Forage on Plant Matter and Seeds: Most mice andvoles 
fall into this category as do squirrels and rabbits. Muskrats feed primarily on plant matter, although 
they will occasionally eat aquatic invertebrates. White Footed Mice, Eastern Gray Squirrels, and 
Muskrats were observed in Area A. Based on the results for small mammals foraging on soil 
invertebrates, it appears that there would be little risk in the Area A Wetlands to species that are 
largely herbivorous. None of the site compounds is likely to be biomagnified in plant tissue. In 
fact, the main transport routes from soils to plants are via dusts and translocation of ground water 
into roots and stems. The levels of exposure via plant ingestion are expected to be less than those 
experienced by invertebrate-eating small mammals. Therefore, little or no risks are expected to 
these animals in the Area A Wetlands. 

In Area A Downstream, although risks to small herbivores from ingestion of contaminated 
plant matter are small, the potential exists for contact exposure to DDTR and other contaminants 
in soils and stream sediments. 

- 
Larger Mammals with Larpe (10 acre) Forape Areas That Occasionally Visit the Site and 

Eat a Range of Foods (e.g., Raccoonsk Larger animals such as raccoons and otters which were 
observed in Area A will have lower ingestion rates of contaminated soil invertebrates than shrews 
and smaller mammals. Their diet is varied, and they will also eat other site organisms such as 
aquatic invertebrates, frogs, and small birds and mammals that may accumulate DDTR and PAHs 
in their tissues. However, their foraging range is large compared to the portions of the wetland and 
downstream area contaminated with DDTR and PAHs. Therefore, it is likely that contaminated 
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organisms from these areas represent a very small portion of their diet, and that risks to raccoons 
and otters due to ingestion of these compounds via bioaccumulation from site soils and sediments 
are low. These organisms may also have contact exposure to contaminated soils and sediments, but 
risks due to these exposures may be limited if the regions of Area A contaminated with DDTR and 
PAHs represent only a small portion of the animals range. 

Small Sone Birds that Feed Primariiv on Invertebrates (e.g., Sparrows and Catbirds& In 
evaluating the dietary dose of DDTR to small invertebrate-eating birds, it was assumed that they 
would feed exclusively in one of the three areas of the site and that they would eat invertebrates 
in amounts approximating 20% of their body weight per day. The first assumption is judged to be 
quite conservative and it is expected based on work elsewhere that birds will not feed exclusively 
on soil invertebrates nor will they feed exclusively at the site. 

Contaminant ingestion rates for these small birds are presented in Table 7-13. Based on 
these assumptions, we do not expect DDTR or PAHs in Area A Wetland or Downstream soils to 
pose risks to small birds since estimated daily doses of these contaminants are well below a dose 
of 0.08 mg/kg/day that may have potential reproductive effects (Garten and Trabalka, 1983). The 
average and maximum doses (1 and 6 mg&g/day, respectively) from the ingestion of soil 
invertebrates from the Over Bank Disposal Area are less than a potentially lethal dose of 8 
mg/kg/day (Iamb et al., 1970), but could pose a risk to small birds due to reproductive or 
developmental effects. However, the assumption that birds will feed exclusively in this small area 
is very conservative and overall potential risks to small invertebrate-eating birds in Area A are 
small. 

C Birds collected from Area A and analyzed for contaminants had low body burdens of DDTR 
(less than 0.75 to 1 mg/kg) relative to birds collected from other sites with elevated pesticide levels 
in soils. In a previous study using the same offsite reference area in Plymouth, Massachusetts 
(Menzie et al., 1991), DDTR concentrations in Gray Catbirds from the reference area ranged up 
to 0.21 mg/kg and averaged 0.078 mgikg. The body burden of Gray Catbirds in the previous study 
from an area with up to 1777 mg/kg DDTR in surficial soil ranged up to 7.1 mg/kg and averaged 
of 3.7 mg/kg. The DDTR body burdens of Gray Catbirds from Area A were closer to the range 
of body burdens of the offsite control birds. Based on these low DDTR body burdens in Gray 
Catbirds, the risks to invertebrate-eating song birds from DDTR in surficial soils in area A are 
expected to be small. 

Small SonP Birds that Feed Primarilv on Plant Matter and Seeds (e.g.. Chickadeesl: These 
bird species will be less at risk than species that feed on soil invertebrates. Therefore, little or no 
risk is expected for plant or seed eating birds. 

Auuatic Birds that Occasionallv Feed on Submersed Vegetation and Aquatic Organisms in 
the Ponds (e.p,, Mallards, Herons): Ducks and other aquatic birds that visit the ponds in Area A 
may ingest sediment contaminated by DDTR as they feed on submersed aquatic vegetation. They 
may also feed on aquatic invertebrates and other small aquatic organisms (e.g. frogs) from the 
ponds. This exposure is likely to form only a small part of the birds’ diet as these species are not 
resident on the ponds and may feed over a wide geographic area. Therefore, it appears that the 
risks to these birds due to the presence of DDTR in pond sediments is low. 

Birds of Prev with Large Foraging Areas that Occasionailv Forage at the Site (e.p.. Hawks): 
Hawks and other birds of prey may occasionally feed on small mammals and birds from the site. 
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We have estimated wet weight concentrations of DDTR in invertebrate-eating birds and mammals 
that feed in the three subregions of the site (Table 7-14). The results indicate that there is some 
potential for appreciable amounts of DDTR to bioaccumulate in small birds (on the order of 60 
mg/kg in small birds) and mammals assuming that they feed exclusively on a diet of soil 
invertebrates from the Over Bank Disposal Area. In comparison, Gray Catbirds collected from 
Area A did not have detectable levels of DDTR in their tissues. The Over Bank Disposal Area is 
likely to represent only a very small part of a hawk’s foraging area. If the hawk fed exclusively on 
birds and mammals that fed exclusively on contaminated soil invertebrates from the Over Bank 
Disposal Area, the DDTR concentration in the diet of the hawk could be substantial. However, 
since a hawk’s diet would include only occasional small birds or mammals that feed occasionally on 
soil invertebrates from the Over Bank Disposal Area, the emlogical risk to birds of prey who use 
the area as part of their foraging territory is expected to be insignificant. 

753.4 Aauatic - Risks to Benthic Invertebrates in Streams and Ponds in Area A 
Downstream 

The Equilibrium Partitioning approach was used to evaluate the risks to benthic 
invertebrates from contaminants in sediments in streams and ponds in Area A Downstream. 
Toxicity quotients are compared on Figures 7-4A (VOCs), 7-4B (SVOCs), 7-4C (DDTR),l and 7-4D 
(PCBs). Calculations are in Appendix F-5. 

Downstream Ponds: Two of the sediment samples, 2DSDl and 2DSD2 were collected from 
the eastern pond, one sediment sample came from the center pond (2DSD4); and one came from 
the center of North Lake (2DSD4). For the pond sediment samples, toxicity quotients indicated 
risks to benthic invertebrates for DDTR but not for VOCs, SVOCs, or PCBs. 

Toxicity quotients indicate substantial risks to benthic invertebrates in the eastern and 
central ponds due to DDTR. The toxicity quotients in these locations range from 630 for a sample 
from the eastern pond to 64,000 for a sample from the central pond. 

Chemical analysis did not detect DDTR in the sediment sample collected from North Lake. 
The DDTR toxicity quotient for this sample was 1.6 due to elevated detection limits. Therefore, 
based on the analytical results from one sample, risks to benthic invertebrates in North Lake are 
minimal. 

Downstream Area Streams: Downstream of the eastern and central ponds, toxicity quotients 
for VOCs, SVOCs, and PCBs do not indicate risks to benthic invertebrates for these compounds. 

Toxicity quotients for DDTR in the downstream area streams range up to 890 in the 
northernmost stream and up to 28 in the southern stream. The risk to benthic invertebrates in the 
streams is high based on available data. Additional field observations would be needed to make 
a more definitive statement concerning the nature and condition of invertebrates in the, streams. 
Sediment samples at the outlet of the streams in the Thames River had toxicity quotients for 
DDTR of 6 (2DSD12) and 10 (2DSD13) indicating transport of DDTR at levels that pose potential 
risks to benthic invertebrates from the downstream area to the outfall area in the Thames River. 
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TABLE 7-14 
BIOACCUMULATION OF DDTR IN SMALL MAMMALS AND SONG BIRDS 

Estimated Soil 
Invertebrate Body Burden- Body Burden- 
Body Burden, Shrew, Song Bird, 
mg/kg dry weight mg/kg wet weight mgkg wet weight 

Maximum Average Maximum Average Maximum Average 

Area A Wetland 0.07 0.02 0.014 0.004 0.0308 0.0081 

Over Bank Disposal Area 144 27 28.8 5.4 63.36 11.81 

Area A Downstream 0.07 0.03 0.014 s 0.0308 0.013: 
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Figure 7-U. Chronic Risk to Benthic Invertebrates by Sarrpte Location for VOCs in Area A Pod end Streem Sediments; 
Equilibriu Partitioning llethod 
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FiBme 7-48. Chronic Risk to Benthic Invertebrates by Sample Location for SVOCs in Area A Pod and Strem Sediments; 
Equilibriu Partitionins Method 
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7.535 Aauatic - Risks to Fish in Area A Ponds 

Fish were not observed but may be present in the ponds in Area A. We assessed risks to 
fish that may reside in the Area A ponds by comparing surface water concentrations with Ambient 
Water Quality Criteria (AWQC) or literature toxicity values (Table 7-8). Fish are not anticipated 
to be present in the downstream watercourses due to low and intermittent flow; therefore, risks to 
fish in these streams were not evaluated. We are unable to assess potential risks to fish that may 
reside in the pond in the Area A wetland, because surface water samples were not collected there. 
Of the compounds analyzed for, only the metals cadmium, copper, lead, and mercury exceeded 
AWQC or toxicity values in surface water samples. In the eastern pond in the Area A downstream 
watercourse area, the chronic AWQC for copper and lead were slightly exceeded in one out of two 
samples. A surface water sample from the central pond in this area had a cadmium concentration 
that slightly exceeded the chronic AWQC. The sample from North Lake had a lead concentration 
slightly above the chronic AWQC. However, since North Lake is drained periodically, it is unlikely 
that fish reside there. We conclude that risks to fish due to site contaminants in surface water are 
low. Although some metals slightly exceeded their AWQC, it is unlikely that sensitive species reside 
in the ponds in Area A. 

Fish possibly living in Area A ponds may also be exposed to site contaminants via ingestion 
of benthic invertebrates. We do not have surface water or sediment data to assess these risks for 
the Area A wetland pond. Due to the elevated DDTR concentrations in the sediments of the 
eastern and central downstream ponds, risks to fish that may live there and ingest bioaccumulated 
DDTR in benthic invertebrates may be substantial. 

7.5.3.6 Aauatic - Risks to Frogs 

Risks to frogs will be similar to risks to fish in Area A assuming that frogs have a similar 
sensitivity to contaminants as fish. Frogs will have greater exposure to contaminated sediments as 
they overwinter in sediments. Frogs in the wetland pond and streams immediately below the 
wetland dike had low body burdens of DDTR indicating low risks to frogs due to DDTR in these 
areas. However, sediment from the wetland pond was not analyzed for DDTR and sediments from 
the streams immediately below the dike had low levels of DDTR, so that we can only conclude that 
risks to frogs are low in these areas. Frogs were not collected from the eastern and central ponds 
where elevated levels of DDTR were detected in sediments. However, we expect low risks due to 
exposure to contaminants in surface water and elevated risks due to exposures to DDTR in 
sediments in these areas. 

7.5.3.7 Uncertainties in Estimates 

The uncertainties in these estimates are based on uncertainties in the estimates of exposure 
concentrations and in the development of toxicity data and criteria. These were discussed 
previously in Sections 7.3.4 and 7.45 

7.6 Summarv of Risks 

7.6.1 Goss Cove Landfill, DRMO, and Lower Subase 

Ground water from Goss Cove Landfill (a Step I site) and the Step II sites DRMO and the 
Lower Subase discharges to the Thames River. Based on the data presented in this report, 
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contaminants concentrations in ground water at these sites are expected to be below AWQC after 
further dilution in ground water, attenuation due to adsorption to soils, and dilution in the much 
greater flow (compared to ground water flow) in the Thames River estuary. Risks to fish due to 
contaminants in ground water discharge from these site are expected to be low. 

7.6.2 Area A 

Our ecological risk assessment addressed risks to a variety of trophic levels in the terrestrial 
and aquatic food chain in Area A. On the lower level of the food chain, risks to plants were low. 
Plants are unlikely to accumulate organic compounds to a great degree. Metals concentrations in 
soils and sediments were in general below levels that may adversely affect plants or higher trophic 
level organisms that feed on plants. However, cadmium concentrations in soil samples from the 
OBDA exceeded recommended levels protective of plants and organisms consuming plants. 

Risks to terrestrial organisms due to DDTR in soil were greatest for soil invertebrates in 
the OBDA. (Note that in this section, the term “soil” is used for soil and sediment samples other 
than those that are constantly underwater in streams and ponds.) The results of estimating 
contaminant concentrations in soil moisture by the equilibrium partitioning method indicated that 
risks to soil invertebrates in the wetland and downstream areas due to contaminants were low. 
Small risks due to exposure to PAHs were indicated in a few wetland soil samples. However, 
elevated DDTR levels in the OBDA are expected to pose a potential risk to soil invertebrates. Soil 
invertebrates may be occasionally exposed to ground water when it discharges to the ground surface 
in parts of Area A, particularly in the wetland. However, risks to these organisms from this source 
appear to be low due to the low concentrations of contaminants in ground water in this area. 

Our assessment indicates that DDTR in sediments of streams and ponds in the Downstream 
Watercourse Area poses a potentially great risk to biota. Organisms with the greatest exposure to 
DDTR contaminated sediments are benthic invertebrates. Frogs are also directly exposed to 
sediment during winter months. Fish, if they are present in the ponds, may ingest DDTR via 
bioaccumulation in benthic invertebrates. Ducks may ingest sediment while feeding on submersed 
vegetation. Other birds such as heron and mammals such as raccoons and otter may be exposed 
to DDTR by feeding on contaminated aquatic invertebrates and frogs. However, the ingestion of 
DDTR by ducks, heron, raccoons, and otter in Area A will only account for a small part of their 
diet because they are likely to feed over a much greater geographical area. 

Higher level organisms in the food chain may be exposed to the DDTR and to a lesser 
extent to PAHs bioaccumulated in soil invertebrates. The greatest potential risks are to small 
mammals such as the shrew that consume a diet consisting mainly of soil invertebrates at a rate 
equivalent to their body weight per day. Based on the assumption that they consume only 
contaminated soil invertebrates, there are potential risks to these animals. Risks to herbivorous 
birds and small mammals are much smaller than for the maximally exposed shrew since they have 
much less exposure to DDTR. Based on the low body burdens of DDTR in catbirds collected from 
Area A, risks to birds feeding on soil invertebrates appear to be low. This may be because the area 
they feed in is large in comparison to the portion of the OBDA with elevated levels of DDTR in 
soil. 

The aquatic organisms in Area A at greatest risk are those exposed to elevated levels of 
DDTR in pond and stream sediments in the Downstream Watercourse Area. Therefore, benthic 
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invertebrates and possibly frogs are at greatest potential risk. DDTR contaminated sediments have 
been transported by the streams in the downstream portion of Area A to the Thames River. 
However, DDTR concentrations and therefore potential risks due to DDTR are lower at the 
stream outfalls than at upstream locations. 

7.7 Recommendations 

This assessment was based on a limited number of surficial soil samples from the Area A 
Downstream Watercourse Area. The presence of elevated levels of DDTR in stream and pond 
sediments in this area was not known at the time the sampling program was designed. Based on 
the few soil samples collected, risks to biota in this area due to contaminants in soil appear to be 
low. To gain a greater level of confidence in this assessment, we recommend additional surficial 
soil sampling and analysis in the Downstream Watercourse Area. 

Additional information is required on biological conditions in the Area A downstream 
watercourses where elevated levels of DDTR were detected in pond and stream sediments. No 
biota sampling was performed in these areas. Our assessment predicts risks to benthic invertebrates 
and possibly to frogs in these areas. To supplement this assessment with actual field data, we 
recommend additional field work to assess the biological community in the ponds and streams 
where DDTR was detected at elevated levels in sediments. 

Sediment quality data were not collected during this study from the pond in the Area A 
wetland or from the ponded area at the outlet of the Area A wetland near the dike. This 
information would better allow us to assess risks to biota in these areas and to compare measured 
body burdens of DDTR in frogs from the wetland pond to sediment DDTR concentrations. 

Although the Thames River has been studied extensively in conjunction with proposed 
dredging work, limited data are available on biological conditions in the Thames River adjacent to 
NSB-NLON. Therefore, it is difficult to assess the potential effects of transport of DDTR 
contaminated sediments downstream to the Thames River outfall. Also, the assessment presented 
here of risks to Thames River biota from contaminants in ground water discharging from the Goss 
Gove Landfill, DRMO, and Lower Subase to the river was qualitatively based on an order of 
magnitude estimate of dilution. We recommend additional sediment sampling and analysis in the 
vicinity of the outfalls and ground water discharge areas and an assessment of biological conditions 
including biota sampling in these areas be performed to provide greater assurance regarding our 
assessment of ecological risks in these areas. 
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