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APPENDIX F
 
ECOTOXICOLOGICAL EFFECTS ASSESSMENT
 

1.00 INTRODUCTION 

As part of the Stage II ERC, detailed toxicological profiles were prepared which review 
known toxicological effects of the COCs. Using the toxicological profiles as a basis, the 
toxicological effects assessment puts the primary COCs within the context of the OU2 Study 
Area in terms of exposure potential and potential effects on receptors expected to utilize the 
site. GZA reviewed available literature regarding toxicological effects of the COCs (VOCs, 
P AHs, PCBs and pesticides, metals, and ammonia) on aquatic or terrestrial species (or similar 
organisms) that inhabit the OU2 exposure areas. 

2.00 VOLATILE ORGANIC COMPOUNDS 

Limited data are available regarding the toxicity of VOCs on ecological receptors. In general, 
VOCs must be present at high concentrations in order to cause adverse effects in animals. 
The following is a brief synopsis of toxicity studies regarding several of the VOC 
Contaminants of Potential Ecological Concern (COPECs) in sediment or surface water of the 
CLF Drainage areas. 

In a gavage study involving rats and mice, high concentrations of chlorobenze reduced the 
survival rate for male rats (IRIS, 1999). Chlorobenzene (>99% pure) was administered by 
gavage in com oil to groups of rats and mice (50/sex/dose). Male and female rats and female 
mice groups received doses of 60 or 120 mg/kg, and male mice groups received doses of 30 
or 60 mg/kg. Untreated groups of rats and mice served as controls. Chlorobenzene was 
administered five times per week for 103 weeks. Only the high dose male rats had 
statistically significant mortality (52% survival rate) compared to control groups. However, 
no chlorobenzene-related signs of clinical toxicity were observed in the rats (IRIS, 1999). 

In a study addressing the carcinogenicity of 1,4-dichlorobenzene in rodents, female rats and 
male and female mice were gavaged with 300 and 600 mg/kg/day and male rats were 
gavaged with 150 and 300 mg/kg/day (ORNL, 1999a). Untreated rats and mice were used as 
controls. Higher percentages of mononuclear cell leukemia in male rats, of hepatocellular 
carcinomas in male mice, and of hepatocellular adenomas in female mice were found in high 
dose groups compared to control groups. 
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There is no evidence that acetone is carcinogenic to animals. However, adverse reproductive 
effects may occur at high concentrations. Doses greater than 3 g/kg/day during pregnancy 
were associated with spermatogenetic effects, reduced reproductive index, and decreased pup 
survival of rodents (ORNL, 1999b). 

The low levels of VOCs in sediment and surface water from the OU2 Study Area are not 
expected to be carcinogenic or cause adverse effects in aquatic or terrestrial ecological 
receptors. 

3.00 SEMIVOLATILE ORGANIC CONTAMINANTS 

The following discussion focuses on several semivolatile organic contaminants that were 
considered to be of potential ecological concern in the OU2 Study Area. 

Butylbenzylphthalate 

Butylbenzylphthalate was considered a potential contaminant of ecological concern in 
surface water from Sedimentation Pond 4, Upper Simmons Reservoir, and Almy Watershed. 
In a review article by Staples et al., 1997 on the toxicity of 18 phthalate esters to aquatic 
organisms, lower molecular weight esters including BBP were found to be acutely or 
chronically toxic to aquatic algae, invertebrates, and fish. Based on the review of various 
studies regarding BBP aquatic toxicity, acute toxicity in aquatic organisms was found to 
result from BBP concentrations of 0.21 to 5.3 mg/L, and chronic toxicity resulted from 
concentrations from 0.075 mg/1 to 3.5 mg/1. Compared to the ranges reported in Staples et 
al., 1997, maximum butylbenzylphthalate concentrations of 0.004, 0.0048, and 0.01 from 
Upper Simmons Reservoir, Almy Watershed, and Sedimentation Pond 4, respectively are not 
expected to cause chronic or acute toxic effects in aquatic receptors. 

Phenol 

Phenol was considered a contaminant of potential ecological concern in sediments 
and surface water of Sedimentation Ponds 3 & 4 and Stream Channels; however, the 
concentrations present in surface water and sediment from these exposure areas are not 
expected to cause toxic effects in aquatic receptors. Additionally, phenol is not suspected to 
be a carcinogen in animals. In a bioassay addressing the carcinogenicity of phenol (IRIS, 
1999), mice and rats were administered analytical grade phenol (approximately 98.5% pure) 
in the drinking water at concentrations of 2500 or 5000 ppm for 103 weeks. Dose-related 
decreases in weight gain in treated mice were attributed to decreased water consumption. No 
other clinical signs of toxicity were observed, and mortality rates (approximately 14%) were 
comparable between experimental and control groups. 
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Benzo(a)anthracene, Benzorbjpvrene, and Bezo[b1fluoranthene 

Benzo(a)anthracene, benzo[b]pyrene, and bezo[b]fluoranthene were considered to be 
contaminants 6f potential ecological concern in sediments from Sedimentation Ponds 2 & 3 
the Stream Channels, and the Upper Simmons Reservoir. These contaminants are polycyclic 
(or polynuclear) aromatic hydrocarbons (PAHs) which constitute a class of several thousand 
organic compounds composed of two or more fused aromatic rings. Although limited data 
are available on the toxicity of PAH compounds, benzo(a)anthracene, benzo[b]pyrene, and 
bezo[b]fluoranthene are considered possible or probable carcinogens (Menzie et al., 1992). 

Eisler (1987) describes toxicological generalizations regarding PAHs and aquatic 
organisms. Generally, the toxicity of PAHs tends to increase with increasing molecular 
weight. Some species of aquatic organisms rapidly bioconcentrate PAHs from low 
concentrations in the ambient medium. Uptake of PAHs is species specific, and is higher in 
algae, molluscs, and other species that are incapable of metabolizing PAHs. BCFs tend to 
increase with increasing molecular weight, increasing kow values, with time approaching an 
equilibrium level, with increases in dissolved organic matter in the medium, and with 
increases in the lipid content of the organism. Typical BCFs for PAHs in aquatic organisms 
are in the range of 10 to 100,000. 

There are sufficient data to conclude that benzo[a]anthracene, benzo[a]pyrene, and 
benzo[6]fluoranthene, are carcinogenic to animals (IRIS, 1995; IRIS, 1996). Eisler (1987) 
presents the following chronic reference doses for carcinogenicity in rodents (from Lo and 
Sandi, 1978; Overcash, 1983): benzo[a]pyrene, 0.002 mg/kg body weight; 
benzo[a]anthracene, 2.0 mg/kg body weight, and benzo[b]fluoranthene, 40.0 mg/kg body 
weight. 

A relevant report of PAH toxicity to birds was presented in Eisler (1987). In this 
study (Patton et al., 1980), mallards were fed diets containing 4,000 mg PAH/kg (mostly as 
naphthalenes, naphthenes, and phenanthrene) for 7 months. Although no overt signs of 
toxicity were observed, liver weight and blood flow increased. 

4.00 POLYCHLORINATED BIPHENYLS (PCBS) 

All of the PCBs detected in surface water and sediments from the exposure areas were 
considered to be contaminants of potential ecological concern due to their potential to 
accumulate in the aquatic food web. The following is a general discussion of the biological 
and chemical processes that influence the bioconcentration and bioaccumulation of PCBs in 
the aquatic food web. 

PCBs are highly lipophilic (lipid attracted) compounds, with a very low solubility in water 
and high solubility in nonpolar organic solvents [octanol/water partition coefficient (log K<,w) 
= 6.04 (EPA, 1986)]. The environmental implications of these properties are that PCBs in 
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aquatic systems tend to quickly and firmly sorb to both dissolved and participate organic 
matter. Regardless of the phase of the organic matter to which PCBs have sorbed, it is 
rendered biologically unavailable. This tendency to sorb to organic matter results in the 
settlement of most of the PCBs in a bioneutral state within the sediments. The compound is 
released into the interstitial pore water of the sediment at a rate directly proportional to the 
product of its KOW and the fraction of organic carbon (Foe) in the sediment until kinetic 
equilibrium is achieved. The fraction of PCBs in this interstitial pore water is bioavailable 
and potentially harmful to benthic organisms which are in contact with the sediment. As 
organisms pass waters contaminated with PCBs through their respiratory and digestive 
systems, the PCB mixture [especially the penta and hexachlorobiphenyl fractions] 
(Verscheuren, 1983)] is absorbed by lipid molecules and tissues. At this first level of 
biological incorporation of PCBs, tissue concentrations of the compound can be hundreds or 
hundreds of thousands of times greater than the concentrations in the ambient water (Eisler, 
1986; Verscheuren, 1983). This increase in chemical concentration relative to the 
environmental media is referred to as bioconcentration. 

Higher trophic level predators, feeding on prey that have bioconcentrated the compound, may 
be exposed to potentially harmful levels of PCBs. These predators may concentrate PCBs 
from contaminated water, as well as from their contaminated prey, resulting in a yet higher 
concentration. The combined uptake of a contaminant directly from a contaminated medium 
and via food ingestion is referred to as bioaccumulation. 

The toxicity of PCBs varies greatly between isomers, generally increasing with increasing 
chlorination (Eisler, 1988). Toxicity also varies significantly between organisms. PCBs can 
increase the toxicity of other environmental contaminants (Bills et al., 1977; Rhodes et al., 
1985). The AWQC for PCBs is 0.014 ppb and incorporates assumptions regarding the 
bioconcentration potential of these compounds. 

The acute LC50 values for PCBs range from 10 ppb for the scud Gammarusfasciatus to 400 
ppb for the damselfly Ischnura verticalis (EPA, 1980). The chronic lethal toxicity of Aroclor 
1254 varies from 2.1 ppb in Daphnia magna to 0.8 ppb in the midge Tantytarsus dissimilis 
(EPA, 1980). 

Due to the paucity or lack of toxicological data for some PCB mixtures, it is assumed that 
effects resulting from exposure to a specific Aroclor are representative of effects that may be 
produced by the other Aroclors (ATSDR, 1989). Although mink are not expected to be 
present in the OU2 exposure areas, the toxicity of PCBs to mink (Mustela visori) has received 
extensive scientific attention, perhaps due to the mink's perceived sensitivity to PCBs and its 
widespread distribution. In a review of PCB hazards to fish and wildlife, Eisler (1986) 
reported that minks which received Aroclor 1254 in dietary supplements of 2 mg/kg for eight 
months or 5 mg/kg for four months suffered a high death rate of their kits, while dietary 
levels of 1 mg/kg did not effect reproduction. Diets containing 50 ppm (2.5 mg/kg body 
weight/day) Aroclor 1254 caused adverse developmental effects in rats (Collins et al., 1980). 
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Dietary concentrations of 20 ppm caused reduced litter sizes in first and second generation 
rat pups (ATSDR, 1989). The US Fish and Wildlife Service proposed a safe dietary intake of 
PCBs for mammals (based on mink) of less than 0.640 mg/kg fresh weight-diet (Eisler, 
1986). 

PCBs can disrupt normal patterns of growth, reproduction, metabolism, and behavior (Eisler, 
1986). Dietary concentrations of 10 mg/kg Aroclor 1254 reduced the reproductive success of 
Ringed turtle-doves and Mourning doves (Zanaida macroura carolinensis), while 5 mg/kg 
impaired the reproductive success of chickens (Eisler, 1986). The US Fish and Wildlife 
Service proposed a safe dietary intake of PCBs for birds of less than 3.0 mg/kg fresh weight-
diet (Eisler, 1986). 

5.00 PESTICIDES 

There is extensive research regarding pesticide toxicity to receptors in aquatic ecosystems. 
The following discussion focuses on DDT, chlordane, and endosulfan toxicity to aquatic 
receptors from Power et al, 1989. 

DDT 

DDT persists in the environment for a long period of time, and is able to accumulate 
within the aquatic food web. DDT enters organisms at different life stages through several 
routes including prey species and water intake both orally and via absorption through the 
skin. A number a factors can affect the accumulation of DDT in aquatic receptors including 
the stage of development, length of exposure, and previous exposure. 

The mechanisms of toxicity of DDT are mainly due the physiological responses; 
however, behavioral abnormality can also be a significant factor (Power et al, 1989). 
Exposure of R. temporaria tadpoles to DDT resulted in abnormalities in glandular 
development in the external skin of the snout, and hyperactive behavior. The combination of 
the toxic effects caused the loss of the upper mandible, which resulted in a blunt snout and 
brain deformity. 

In an acute toxicity study of DDT to amphibians, adult frogs were injected with 150 
mg/kg of DDT, which resulted in 100% mortality. Mortality was also observed after 
injections of 10 mg/kg. However, in field application of DDT to ponds, no amphibian death 
resulted from exposure to 0.11 kg/ha, but 80% mortality resulted from 1.0 kg/ha. Acute 
exposure can lead to build up of residue in the blood and subsequent build up in the nervous 
system. An acute dose of DDT to tadpoles resulted in hyperactivity in response to a tissue 
build up of 2 ppm. Long-term effects of DDT exposure are mainly behavioral irregularities. 
Tadpoles and small frogs exposed to 0.1 ppb showed hyperactive behavior 5 to 8 days after 
exposure, and tissues of these receptors contained up to 2 to 5 ppm 
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Chlordane 

In long-term toxic effect studies of chlordane, exposure to 0.5 ppm resulted in 40% 
death of frogs after 30 days. Effects such as neuromuscular changes, excessive thrashing, and 
tremors were observed. However, a low dose, 0.11 kg/ha, applied in the field, did not result 
in mortality. 

Endosulfan 

In a static bioassay with endosulfan, frogs were more sensitive to endosulfan 
exposure compared to damselfly nymphs and juvenile catfish. LC50 values were reported to 
be 2.1 ppb at 24 hr, 2.0 ppb at 48 hr, and 1.8 ppb at 96 hr. In field application of 0.014 kg/ha 
of endosulfan, no mortality resulted in adult frogs, however, fish kills in shallow water were 
observed. 

6.00 METALS 

6.10 METALS IN SURFACE WATER
 

The measured concentrations of total metals in sediments or surface water do not directly 
reflect the toxicity or the bioavailability of the metals. Site-specific environmental factors 
strongly influence the toxicity and bioavailability of metals. Such factors include ionic 
strength, pH, reduction-oxidation potential (Eh), water hardness, sediment particle size, total 
organic carbon, dissolved organic carbon, and suspended particulate matter. Toxicity and 
bioavailability are also influenced by the species of metal present and the synergistic or 
antagonistic effects that may be associated with exposure to multiple contaminants. For 
instance, a mixture of arsenic, cadmium, chromium, copper, mercury, lead, nickel, and zinc, 
when combined at individual concentrations deemed protective (Dutch water quality criteria) 
was severely toxic to Daphnia magna and caused 50% mortality in Rainbow trout (Salmo 
gairdneri) (Enserink et al., 1991). Even a reduction to one/fifth of the water quality criteria 
caused a 10% decrease in D. magna populations (Enserink et al., 1991). The following 
paragraphs briefly discuss some of the influences of environmental variables on the toxicity 
and bioavailability of metals to aquatic/semi-aquatic organisms, avian and mammalian 
receptors, and plants. 

In natural surface waters, 30-80 percent of the copper, nickel, and zinc, and 90-95 percent of 
the lead may be in a particulate phase, greatly reducing toxicity and bioavailability (EPA, 
1992). Both particulate and dissolved phases are detected in measurements of total metal 
concentrations. Because most AWQC and other laboratory toxicity tests are conducted using 
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metal salts which quickly dissolve in water, comparison of total metal concentrations to 
benchmarks developed using dissolved metals is inherently conservative and may result in 
overestimating the toxicity (EPA, 1992). 

The speciation and solubility of metals in natural surface waters is dependent upon pH and 
ionic activity. Dissolved metals complex with dissolved inorganic ligands such as S(V2 and 
F " and organic ligands including humic and fulvic acids. This complexation and change in 
metal speciation is largely controlled by pH and the presence of organic ligands, and greatly 
reduces their toxicity (Freda, 1991). 

The reduction of dissolved phase metals in water and sediments by complexation and 
immobilization directly influence toxicity to aquatic and semi-aquatic organisms by reducing 
the exposure point concentration. The potential for toxic effects on higher trophic level 
organisms may also be indirectly reduced because less dissolved phase metal is incorporated 
into the tissues of food organisms. The influences of complexation and immobilization on 
metal toxicity to plants is less certain, because many plants directly alter the Eh and pH of the 
rhizosphere (Crowder, 1991). Additionally, some plants release carriers or solubilizing 
agents from their roots, some of which accelerate metal uptake (Crowder, 1991). 

6.20 METALS IN SEDIMENT 

Most metals retained as COPEC were retained because they were present in sediment above 
screening level benchmark. The processes that alter a metals bioavailability and toxicity for 
dissolved metals in surface water are discussed above. These processes also occur often to a 
much greater degree, in sediments. Therefore, bulk metals concentrations in sediment are not 
well correlated with toxicity. 

Metals in the aquatic environment partition between media such as soil and water, water and 
biota, or sediment and biota (Menzie et al, 1991). Partitioning of metals in sediments is 
affected by sediment Eh, pH, sulfide concentrations, organic content, and metal solubility 
products (Menzie et al, 1991). Because metal toxicity occurs predominantly in the dissolved 
phase, complexation and immobilization of metals in sediments can significantly reduce their 
toxicity by limiting the amount of dissolved metal in the sediment pore water to which 
organisms are exposed 

Arsenic 

Arsenic was selected as a COPEC in sediment from Sedimentation Ponds 2 & 3, 
Upper Simmons Reservoir, Lower Simmons Reservoir, and Almy Reservoir. 

The toxicity of arsenic depends on the valence or oxidation state of the arsenic (-3, 
+3, or +5), as well as on the physical and chemical properties of the compound in which it 
occurs. Trivalent (As+3) compounds such as arsenic trioxide (As2O3), arsenic trisulfide 
(As2S3), and sodium arsenite (NaAsO2), are generally more toxic than pentavalent (As+5) 
compounds such as arsenic pentoxide (As2O5), sodium arsenate (Na2HAsO4), and calcium 
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arsenate (Ca3(AsO4)2). The relative toxicity of the trivalent and pentavalent forms may also 
be affected by factors such as the water solubility of the compound. The more water soluble 
arsenic compounds are generally more toxic and more likely to have systemic effects in 
ecological receptors (http://risk.lsd.ornl.gov/tox/profiles/arsenic.htmtt2). 

Eisler (1988) summarized chronic toxicological effects of arsenic on aquatic 
invertebrates, including benthic species. For Gammarus pseudolimnaeus, this report cited 
a 28-day LC20 for trivalent arsenic of 0.088 mg/1, and a 28-day LC-100 of 0.96 mg/1. 
Eisler (1988) cited a G. pseudolimnaeus LC-20 for As+5 of 0.97 mg/1. For the snail, 
Helisoma campanulata, Eisler (1988) reported an As+3 28-day LC-10 of 0.96 mg/1, and for 
As+s a 28-day LC-0 of 0.97 mg/1. These data suggests that arsenic in sediment has low 
bioavailability and low toxicity, and that adverse effects to sediment invertebrates would 
not be expected. 

Cadmium 

Cadmium was considered as a COPEC in sediment from the Upper Simmons 
Reservoir, Lower Simmons Reservoir, Almy Reservoir, and Almy Watershed. 

The toxicity of cadmium to organisms that are exposed to contaminated surface water 
and sediments was evaluated by reviewing toxicological literature from 1967 to 1996. The 
results of this review are discussed below. 

The chronic U.S. EPA AWQC for cadmium is 0.38 ppb, based on a water hardness of 
25 mg/1 as CaCO3 (EPA, 1985). Free cadmium ions (Cd2") are believed to be the 
bioavailable species in the dissolved phase and accumulate in microorganisms, plant and 
animal tissue (Wren et al., 1991). Cadmium is preferentially associated with the colloidal 
and particulate size fractions (Wren et al., 1991). 

Freshwater invertebrate BCFs for cadmium in water, measured over 52 weeks, ranged 
from 164 (Pytiscidae sp.) to 2200 (Chironomidae) (Eisler, 1985). BCFs for fish ranged from 
33 (Salmo gairdneri over 10 weeks) to 7440 (Gambusia affinis over 26 weeks) (Eisler, 1985). 
The freshwater algae, Chlorella vulgaris, had a BCF of 2550 over 1.4 weeks of exposure 
(Eisler, 1985). 

The toxicity of cadmium to aquatic invertebrates has received extensive scientific 
study (for example, see review by Sheedy et a/., 1991). Toxic responses to chronic cadmium 
exposure occurred at levels as low as 0.2 ppb in Daphnia pulex (Wren et al., 1991). Some 
common benthic invertebrate families exhibit marked tolerance to cadmium relative to other 
taxa, especially stoneflies (Plecopterd), caddisflies (Trichoptera), mayflies (Ephemeroptera), 
and crayfish (Wren et al., 1991). 

Little is known about the toxicity of cadmium to amphibian species. Cadmium was 
toxic to the larvae of the frog, Rana temporaria, at a concentration off 4 ppb (Freda, 1991). 
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The toxicity of cadmium to fish is also well documented in Sheedy et al. (1991). 
Bluegill sunfish (Lepomis macrochirus), a species which may inhabit Cedar Swamp Brook, 
exposed to 1 ppb cadmium for 48 hours showed enzymatic impairment (Sheedy et al., 1991), 
while 80 ppb caused physical malformations (Eisler, 1985). 

Mammals are relatively resistant to cadmium (Eisler, 1985). A LOAEL dose for 
systemic effects of 1.2 mg/kg/day was identified using rats exposed to cadmium via drinking 
water (ATSDR, 1989). A NOAEL for developmental effects in rats exposed by gavage was 
reported at 0.04 mg/kg body weight/day (ATSDR, 1989). Most acute oral LD50 values for 
cadmium chloride and cadmium oxide range from 50 to 300 mg/kg (ATSDR, 1989). The 
U.S. Fish and Wildlife Service recommends that dietary concentrations above 0.100 mg/kg 
be viewed with caution (Eisler, 1985). 

Sublethal effects of cadmium exposure in birds include growth retardation, anemia, 
and testicular damage (Eisler, 1985). Dietary levels of cadmium of 200 mg/kg (dry weight) 
over 90 days caused a decline in egg production in mallards (White et al., 1978). Dietary 
levels of cadmium of 48 mg/kg (dry weight) caused a decline in egg production in chickens 
(Leach et al., 1979). Drinking water concentrations of 0.600 ppm caused cardiovascular 
disease in pigeons (Eisler, 1985). The U.S. Fish and Wildlife Service (Eisler, 1985) suggests 
that wildlife dietary levels exceeding 100 ug cadmium/kg diet (fresh weight) on a sustained 
basis should be viewed with caution. 

In general, submergent and floating-leaved plant species accumulate higher levels of 
cadmium than emergent species, and concentrations are usually higher in roots than in shoots 
(Crowder, 1991). The bioaccumulation factor for millfoil (Myriophyllum) was as high as 
10,000 (Hutchinson, 1979). Symptoms of cadmium toxicity to wetland plants include 
reduced growth, with chlorosis and necrosis (Hutchinson, 1979). Toxic thresholds for 
cadmium are extremely variable between species. For instance, Iris pseudoacorus was not 
harmed by exposure to 5.0 mg/1 cadmium (Barboliani et al., 1986), while 2.0 ug/1 cadmium 
reduced the growth rate of the freshwater algae Asterionellaformosa (Eisler, 1985). 

Copper was selected as a contaminant of potential ecological concern in sediments 
from Sedimentation Ponds 2 & 3 and Stream Channels, Upper Simmons Reservoir, Lower 
Simmons Reservoir, Almy Reservoir, and Almy Watershed. Total and dissolved copper in 
surface water of Almy Reservoir, and dissolved copper in Almy Watershed and Upper 
Simmons Reservoir are also considered to be contaminants of potential ecological concern. 

The toxicity of copper to organisms which are exposed to contaminated surface water, 
and sediments was evaluated, by reviewing toxicological literature from 1967 to 1999. The 
results of this review are discussed below. 
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The chronic EPA AWQC for copper is 3.62 ug/1, based on a water hardness of 25 
mg/1 as CaCOS (EPA, 1984). The toxicity of copper to aquatic animals is reduced hi the 
presence of humic acids and selenium (EPA, 1984). Examples of chronic lethal thresholds 
for some taxa which may be present in the exposure areas include: amphipods (Gammarus 
pseudolimnaeus) = 6.066 ug/1 (hardness = 45); caddisflies (Clistornia magnified) - 10.39 ug/1 
(hardness = 26); snails (Physa integra) = 10.88 ug/1 (hardness = 35 - 55); bluegill sunfish 
(Lepomis macrochirus) = 28.98 (hardness = 45) (EPA, 1984). Midge (Chironomidae) 
emergence was impaired following 32 weeks of exposure to 30 ug/1 (EPA, 1984). Changes 
in the number of species groups in aquatic insect communities were noted at copper (as 
copper sulfate) concentrations between 10.7 and 12 ug/1 (Clements, et al., 1988; Clements, et 
al, 1990). 

Very little information was available on the ecotoxicological properties of copper. In 
a 50-week study of the effects of dietary copper on mink, increased mortality of kits was 
reported at a concentration of 3.2 mg/kg/day, while a NOAEL of 12.9 mg/kg/day was 
identified for reproductive harm (Aulerich, et a/., 1982). Rats exposed to copper in drinking 
water exhibited hepatic impairment at a dose of 7.9 mg/kg body weight/day (ATSDR, 1989). 

Copper concentrations from 1 to 8,000 ug/1 have been shown to inhibit the growth of 
various plant species (EPA, 1984). The population growth of freshwater algae was reduced 
following chronic exposure to copper (as copper sulfate) at concentrations between 20 to 40 
ug/1 (Winner et al., 1990). 

Chromium 

Maximum concentrations of chromium in sediments from Sedimentation Ponds 2 & 
3 and Stream Channels, Upper Simmons Reservoir, and Lower Simmons Reservoir exceeded 
the chromium sediment quality benchmark, and thus copper was considered to be COPEC in 
sediments from these exposure areas. Neither dissolved nor total chromium in water 
exceeded water quality benchmarks in any of the exposure areas. 

The toxicity of chromium to organisms which are exposed to contaminated surface 
—wwater, sediments, and wetland soils was evaluated by reviewing lexicological literature from 

1967 to 1996. Thorough reviews of ecotoxicological literature pertaining to chromium are 
presented in Eisler (1986) and Sheedy et al. (1991). Pertinent data presented in these reviews 
are discussed below. 

Hexavalent chromium is more bioavailable and toxic compared to trivalent 
chromium. However, chromium can convert from Cr+6 to Cr+3 (and vice versa) under 
appropriate natural conditions, which significantly lowers toxicity (US EPA, 1985). Water 
hardness, pH, humic acids and temperature have also been shown to influence chromium 
toxicity (for example; EPA, 1985; Joshi et al., 1992; Stackhouse et al, 1989). It was found 
that hexavalent chromium was more toxic to the frog, Rana cyanophlyctis, at higher 
temperatures, and/or low pH and hardness (Joshi et al., 1992). Developmental impairment to 
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tadpoles of the frog, Rana tigrina, was recorded at hexavalent chromium concentrations as 
low as 2 ppm (Abbase et al., 1984). 

Both trivalent and hexavalent chromium adversely effected rabbit blood and serum 
chemistry and caused significant morphological changes in the liver at 1.7 mg/kg body 
weight/day for 6 weeks (Eisler, 1986). This dose contrasts with a reported NOAEL of 1,468 
mg/kg body weight/day for rat survival, body weight, blood and urine clinical chemistry 
values, and gross and microscopic appearance of organs and tissues (Ivankovic et al., 1975). 
A NOAEL for hexavalent chromium in drinking water of 2.4 mg/kg body weight/day was 
reported for systemic/target toxicity in rats (MacKenzie et al., 1958). 

Only two reports of chromium toxicity to avian receptors were available. A 5 month 
NOAEL of 50 mg/kg-diet for black duck survival, reproduction and blood chemistry was 
reported in Eisler (1986). A 7-day NOAEL of 100 mg/kg-diet was reported for black duck 
(ducklings) behavior in Eisler (1986). 

Eisler (1986) reports that "plants with elevated Cr residues show no toxic effects, 
although concentrations in excess of 1 ppm in the aqueous medium may inhibit germination 
of the seed and growth of roots and shoots". Complete elimination of three and six algal 
species was observed at 0.8 ppm and 8.0 ppm, respectively, after 12 days of exposure (Singh 
et al., 1991). 

Lead 

Lead in sediments from Almy Reservoir, and dissolved lead in surface water from 
Almy Watershed were considered to be potential contaminants of ecological concern. 

The toxicity of lead to organisms, which are exposed to contaminated surface water, 
sediments, and wetland soils, was evaluated by reviewing toxicological literature from 1967 
to 1999. The results of this review are discussed below. 

The toxicity of lead in water is greatly influenced by several environmental factors. 
The chronic AWQC for lead (0.54 ppb based on a hardness of 25 mg/1 as CaCO3) is 
dependent upon site-specific water hardness. However, the water hardness from Almy 
Watershed was below the minimum allowable concentration of 25 mg/1; therefore, the 0.54 
ppb benchmark was used for this exposure area. Lead toxicity is greater in low pH systems 
than in neutral or basic systems (Starodub, et al., 1987; Buckler, et al., 1987). However, the 
presence of humic acids have been shown to reduce the toxicity of lead in aquatic systems 
(Shanmukhappa, et al., 1990). Additionally, organic compounds of lead, such as 
teraethyllead and tertramethyllead, are more toxic and have a greater tendency for 
bioaccumulation than inorganic forms (Eisler, 1988), for which body burdens tend to 
decrease with increasing trophic levels (Wren et al., 1991). In combination, these factors 
reduce the certainty of applying a single protective benchmark to sites with elevated lead 
concentrations. In addition, the responses of test organisms to lead exposure vary greatly. 
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Water concentrations as low as 750 ppb have been shown to cause sublethal lead 
toxicosis in tadpoles of Green frog (Rana clamitans) (Taylor, et al. 1990) and concentrations 
as low as 500 ppb brought about behavioral changes in Bullfrog (Rana catesbeiand) tadpoles 
(Steele, et al., 1989). The 30-day LC-50 value for the Leopard frog (Rana pipiens) has been 
reported at 105 ppm (Eisler, 1988). Concentrations in water of 1 ppb caused reproductive 
impairment in the freshwater invertebrate Daphnia magna (Eisler, 1988). For the Zebra 
mussel, the NOEL was measured at 116 ppb, and the EC-50 concentration was 370 ppb 
(Bleeker, et aL, 1992). Mortality rates of Lymnaea palustris, a freshwater snail, increased 
with exposure of 19 ppb lead. The acute (48 hour) LC-50 for Chironomus tentans was 2.68 
ppm (Oladimeji, et al., 1989). 

The effects of lead poisoning, or plumbism, in mammals are similar to those 
documented for humans and include impairment of the central nervous system, the 
gastrointestinal tract, and the muscular and hematopoietic systems (Eisler, 1988). The 
following generalizations can be made regarding lead toxicity to animals: there are significant 
differences in the lead sensitivity of different species; organic lead compounds 
(tetramethyllead and tetraethyllead) are much more toxic than inorganic lead; and younger 
developmental stages are more sensitive than adults (Eisler, 1988). Because species-specific 
toxicological information for lead was not available for mammalian receptors expected to 
utilize the OU2 exposure areas, the following discussion focuses on reproductive, 
developmental, and lethal effects to similar species, primarily rodents, obtained from studies 
reported in Eisler (1988) and ATSDR (1988). 

The acute effects of dietary lead on rats (Rattus sp.) are well documented. The single 
oral dose LD-50s for tetramethyllead and tetraethyllead were 108 mg/kg body weight and 12 
mg/kg body weight, respectively (Branica et al., 1980). In mice (Mus sp.) 2.2 mg 
tetraethyllead/kg body weight/day reduced the frequency of pregnancy (Clark, 1979). 
Increased locomotor activity was measured in rats fed 25 mg/kg dietary lead for 3 weeks 
(Nriagu, 1978). Testicular damage to rats was recorded at a dietary concentration (in a 30
day test) of 0.29/mg/kg body weight/day of lead acetate (in drinking water), while irregular 
estrous cycles were recorded at 0.014 mg/kg body weight/day (Grant et al. 1980). Rats 
exposed to 25 mg/kg body weight/day of lead acetate in food for two years had statistically 
increased incidences of kidney tumors (Azar et al., 1973), illustrating the differences in 
assimilation efficiency between drinking water and food exposure. The lowest oral dose 
which caused death (LDuo) to guinea pigs was 313 mg/kg body weight (Sax, 1984). 

The U.S. Fish and Wildlife Service (Eisler, 1988) has proposed a protective dietary 
lead criterion (based on irreversible inhibition of ALAD activity in bone marrow and red 
blood cells in mice) of O.05 mg/kg body weight daily. Eisler (1988) also recommends a 
protective lead drinking water concentration (based on domestic livestock) of <0.100 ppm. 

Lead poisoning in birds has been relatively well documented due to the high 
incidence of avian lead poisoning caused by ingestion of shotgun pellets (Eisler, 1988). 
However, most of the toxicological data reported in the literature are based on single oral 
doses of shot pellets. Waterfowl, which have ingested toxic levels of lead, may exhibit 
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nervous system damage, muscular paralysis, liver and kidney damage, and other impairment. 
Death follows exposure by an average of 2 to 3 weeks (Eisler, 1988). 

Tundra swans which spent only a few weeks during migration at a lead contaminated 
wetland were shown to accumulate lethal concentrations of lead from ingestion of sediment 
that contained up to 8,700 ppm of lead and plants that contained up to 400 ppm of lead (Blus, 
et al., 1991). All European starlings (Styrnus vulgaris) administered 28 mg/kg body 
weight/day tetraethyllead or tetramethyllead died within 6 days, while a dose of 2.8 mg/kg 
body weight/day did not cause death over a period of 11 days, but caused reduced food 
consumption and/or hyperactivity. Diets containing 1,850 mg/kg lead (as lead acetate) for 4 
weeks suppressed growth rates by 47 percent. Diets containing 10 mg/kg of metallic lead 
powder caused no measurable effects to American kestrels (Falco sparverius) over 5 months. 
Mallards (Anas platyrhynchos) fed diets containing 25 mg/kg lead nitrate for 12 weeks 
experienced decreases in blood ALAD (aminolerulinic acid dehydrase). Ringed turtle doves 
(Streptopelia risorid) exposed to 0.100 ppm Pb 2+ in drinking water for 2 weeks before 
pairing and throughout a breeding cycle exhibited reduced testes weight and sperm counts, 
possibly influencing reproductive fitness (Eisler, 1988). The U.S. Fish and Wildlife Service 
(Eisler, 1988) has not proposed protective dietary lead criterion for birds. 

Lead inhibits plant growth, reduces photosynthesis and reduces mitosis and water 
absorption (Eisler, 1988). Generally, submergent species are found to have the highest lead 
concentrations (Crowder, 1991). Lead levels of approximately 500 mg/kg in soil reduced 
pollen germination by greater than 90 percent in two weed species (Eisler, 1988). Normal 
germination rates were observed at soil lead levels of 46 mg/kg but other adverse effects were 
observed at lead levels of 12 mg/kg to 312 mg/kg soil (Eisler, 1988). Some algae accumulate 
lead from water and there is evidence which suggest that ingestion of such algae may be an 
important exposure route for aquatic invertebrates (Crowder, 1991). 

Manganese 

Manganese in sediments from Upper Simmons Reservoir, Lower Simmons 
Reservoir, Almy Reservoir, and Almy Watershed, and total and dissolved manganese in 
surface water from the Upper Simmons Reservoir were all identified as contaminants and 
media of potential ecological concern. 

Manganese is acutely toxic at high concentrations in water compared other metals 
such as Cu or Cd. Stubblefield et al (1997) listed a number of LC50 values of manganese 
adjusted to a hardness of 50 mg/1 for various aquatic species including: rainbow trout, 3.68 
mg/1; Fathead minnow, 7.96 mg/1; Daphnia magna, 10.55 mg/1, and Chironimus tentans, 
207.83 mg/1. 

Manganese toxicity is influenced by water hardness. Early life stage toxicity tests 
were conducted on fertilized eggs and larvae/fry of brown trout (Salmo trutta). Brown trout 
embryos were insensitive to manganese exposure, and there were limited effects of exposure 
on hatch rate. However, effects on growth were observed and were indicative of manganese 
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toxicity; therefore, IC25 (the inhibition concentration estimated to cause a 25% reduction in 
survival or growth of exposed fish compared to control) values were calculated based on the 
combined effects of these parameters. Manganese toxicity appeared to decrease with 
increasing water hardness with regard to the IC25 values which were determined to be 4.67, 
5.59, and 8.68 mg/1 for 30-, 150-, and 450- mg/1 hardness tests. In a review by Stubblefield et 
al. of chronic toxicity studies on preexposed trout, exposure of sublethal concentrations of 
manganese was reported to result in some degree of tolerance among brown trout. 

Mercury 

The toxicity of mercury to ecological receptors has been extensively reviewed by 
Eisler (1987), Scheuhammer (1991), Wren et al. (1991), and USEPA (1984). The following 
sections will summarize the findings of these reviews, as well as other current literature 
pertaining to the ecotoxicology of mercury. 

Mercury occurs in the aquatic environment in different forms which may readily be 
transformed by chemical and biological processes from forms with relatively low toxicity to 
others with very high toxicity (Wren et al., 1991). Depending on the pH, redox potential, and 
the type of ligands present, mercury may be present as elemental mercury [Hg(0)], mercurous 
mercury [Hg(I)], or as mercuric ions [Hg(II)] (USEPA, 1984; Wren et al., 1991; Eisler, 
1987). Under natural conditions elemental and mercurous mercury are oxidized to Hg(II), 
which can be converted by biological and chemical processes to methylmercury (CHsHg*). 
Methylmercury is the most toxic and hazardous form of mercury in the environment, largely 
because it readily penetrates biological membranes and is lipophilic (fat soluble). 
Methylmercury is subject to bioconcentration, bioaccumulation, and biomagnification. 

Uncontaminated surface waters generally contain <5 ng/liter mercury (Gilmour et al. 
1991). Methylmercury can represent up to 25 percent of total mercury in aerobic fresh 
waters, and up to 58 percent of total mercury in anoxic fresh waters (Gilmour et al., 1991). In 
lake sediments methylmercury has been reported as high as 37 percent of total mercury 
(Gilmour et al., 1991). Soils and wetlands retain large percentages of mercury due to the fact 
that inorganic mercury [Hg(II)] in atmospheric deposition is extremely reactive and tends to 
bind strongly with soils and vegetative matter. 

Aquatic organisms can be impacted by mercury via direct toxicity, or accumulation 
from water, sediments, and food. Methylated forms of mercury predominate in the tissues of 
aquatic organisms. Between 85 and 95+ percent of the mercury in fish tissues is 
methylmercury (Wren et al., 1991; Porcella, 1994), while methylmercury accounts for 
60 percent or less of the total mercury in aquatic invertebrates (Wren et al., 1991). BCFs 
from water to invertebrates ranged from 75 for water boatmen to 29,000 for damselfly 
nymphs (Wren et al., 1991). Benthic forms of aquatic invertebrates generally exhibit higher 
body burdens than those in the water column and predatory organisms tend to accumulate 
higher concentrations than herbivores or detrivores (Persaud et al., 1987; Wren et al., 1991). 
Both organic and inorganic mercury associated with food items which are not assimilated is 
eliminated (Eisler, 1987). Thus, most inorganic mercury which has been absorbed by aquatic 
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organisms via water or food is excreted or eliminated in a matter of days or weeks (Weiner, 
1987; Phillips and Gregory, 1979), while methylmercury is assimilated and bound to protein 
throughout the bodies of aquatic animals, becoming especially concentrated in fatty tissues 
such as the liver and kidney. 

Because it becomes tightly bound to animal protein, methylmercury is eliminated very 
slowly, with retention times estimated at months to years (Tollefson and Cordle, 1986). 
Because methylmercury assimilation is often faster than elimination, methylmercury may 
accumulate and build up to high concentrations in aquatic organisms, especially long-lived 
biota such as large piscivorous fish. Aquatic and semi-aquatic prey organisms which 
concentrate or accumulate mercury may present substantial risk of harm to birds, wildlife, 
and humans. 

The lowest reported methylmercury concentration reported to elicit impairment to 
invertebrates with chronic exposure was <0.04 ppb (reproductive impairment in Daphnia 
magna (Biesinger et al., 1982). The lowest concentration reported to cause impairment to 
invertebrates with acute exposure was 0.02 ppb (four-day LC50 for Faxonella clypeatd) 
(Wren et al., 1991). Mercury toxicity to invertebrates varies considerably between species. 
For example, the LC50 for Chironomus sp. (midge) has been reported as 20 ppb, while 
damselfly and caddisfly larvae had a reported LC50 of 1200 ppb (Rehwoldt et al., 1973). 

Information regarding the toxicity of mercury to amphibians is extremely limited. The 
sole report of a chronic effect for an amphibian species was a study in which metamorphosis 
was prevented in the Leopard frog (Rana pipiens) after 4 months of exposure to 1 ppb 
methylmercury (Eisler, 1987). Unlike invertebrates and fish, amphibians are not believed to 
be an important link in methylmercury bioaccumulation in food chains (Scheuhammer, 
1991). 

A lethal chronic mercuric mercury concentration for Fathead minnows (Pimephales 
promelas) of <0.26 ppb has been reported (EPA, 1984). The lethal chronic concentration of 
methylmercury to Brook trout (Salvelinus fontinalis) has been reported at 0.5193 ppb (EPA, 
1984). Chronic exposure to 1.8 ppb methylmercury caused impaired spermatogenesis in 
male guppies (Poecilia reticulatd). Enzymatic changes in bluegill fish (Lepomis 
macrochirus) have been reported after acute exposure to 3.4 x 10"12 molar (M) 
methylmercury (Hossain et al., 1986). 

From a toxicological perspective, dietary methylmercury is a better indicator of 
potential health risks than is the total mercury concentration (Scheuhammer, 1991). The 
feeding habits of species determine relative risks to methylmercury exposure. Species which 
feed on aquatic organisms are at higher risk than those that are associated with terrestrial food 
chains and carnivorous species are at higher risk than herbivorous or detrivorous species. 

Reproductive and developmental harm has been reported at dietary methylmercury 
concentrations as low as 0.05 mg/kg-body weight/day in a study which examined the 
occurrence of fetal eye anomalies in rats (ATSDR, 1989). This dosage was also identified as 

F-15
 



a NOAEL in studies of male mink (Wobeser, 1976). Death occurred in sensitive species of 
mammals at methylmercury concentrations of 0.1 to 0.5 mg/kg body weight (1.0 - 5.0 mg/kg 
diet) (Eisler, 1987). Inorganic mercury impaired the renal function of rats at 1.27 mg/kg
body weight/day (ATSDR, 1989). Inorganic mercury administered in drinking water for 530 
days at 2.2 mg/kg body weight/day caused reduced body weight and water intake in mice, 
while the same effect was elicited by organic mercury administered in drinking water for 18 
months at 0.80 mg/kg body weight/day (ATSDR, 1989). The U.S. Fish and Wildlife Service 
(Eisler, 1987) has proposed a protective total mercury criterion for small mammals of <1,100 
ug/kg diet (fresh weight) or <250 ug/kg body weight/day. 

The tissue-mercury concentrations associated with neurological impairment and death 
in birds are often similar despite differences in species, body size, dietary mercury 
concentration, or duration of exposure (Scheuhammer, 1991). The dietary concentrations of 
methylmercury that are required to elicit reproductive impairment in birds are about 
20 percent of those required to produce overt toxicity (Scheuhammer, 1991). 

A study in which three generations of mallard were fed a 0.5 mg/kg-dry weight diet of 
methylmercury (0.01 mg/kg-fresh weight diet), resulted in reduced egg production and 
hatching (Eisler, 1987). Dietary concentrations of methylmercury as low as 0.3 mg/kg (wet 
weight) decreased egg laying and territory use in the Common loon (Gavia immer) and 0.4 
mg/kg severely effected territory use and egg laying (Scheuhammer, 1991). The U.S. Fish 
and Wildlife Service (Eisler, 1987) has proposed a protective criterion for birds of 50 to 
<100 ug/kg diet (fresh weight) or <640 ug/kg body weight/day. 

The amount of information available on the toxicity and bioaccumulation potential 
for mercury in aquatic plants is meager. Toxic effects include reduced growth rates, 
discoloration, necrosis of floating leaves, and death of roots (Crowder, 1991). Sedges and 
water lilies may move mercury up to the leaves (Siegel et al., 1987), while many other 
species concentrate mercury in their roots or rhizomes (Crowder, 1991). Maury et al. (1988) 
reported that methylmercury sediment concentrations as low as 0.12 ppb impair the growth of 
Elodea densa. The ratio of methylmercury to total mercury in the presence of contaminated 
sediments was reported as >20 (Ribeyre et al., 1991). 

Silver 

The toxicological literature contains abundant references to the toxicity of silver to 
aquatic organisms, yet very little information is available on the toxicity of silver to semi-
aquatic, terrestrial, or avian receptors. The following sections summarize the results of our 
literature search. 

Mechanisms of metal toxicity include blocking of essential functional groups of 
proteins or enzymes, displacing essential metal ions in proteins or enzymes, and modifying 
the site of biological activity in proteins or enzymes (Connell and Miller, 1984). Silver is 
among the most toxic of all metals, causing the inactivation of enzymes critical to biological 
functions by one or more of the above mechanisms. Many silver compounds have been used 
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in medicine as germicides and antiseptics due to their toxic effects on bacteria and other 
microbes. 

The chronic U.S. EPA AWQC for silver is 0.12 ppb (EPA, 1980). The estimated 
maximum acceptable toxicant concentration for silver nitrate, based on Fathead minnow 
(Pimephales promelas) survival, is between 0.37 and 0.65 ppb (Holcombe et al., 1983). The 
chronic no-effect concentration of silver (as silver nitrate) for rainbow trout (Salmo 
gairdneri) was between 0.09 and 0.17 ppb (Davies et al., 1978). 

Brachiopods, mollusks, and arthropods (especially crustaceans) accumulate silver in 
the heptopancreas and nephridial organs (EPA, 1980). BCFs for mollusks/sediment ranged 
from 0.02 to 6.14 (EPA, 1980). 

The toxicity of silver compounds to mammals can be classified as moderate (EPA, 
1980). The chronic oral LDgo-ioo for silver sulfadiazine in mice was >1050 mg. (EPA, 1980). 
Administration of 18.1 mg silver/kg/day (in water) for 125 days did not elicit a response in 
mice (Rungby et al., 1984). Administration of 362.4 mg silver/kg/day (in water) caused the 
death of 25 percent of test rats (Walker, 1971). 

Silver concentrations in plants tend to be highest in seeds, nuts, and fruits compared 
to other parts (EPA, 1980). No other information was available on silver toxicity or 
bioaccumulation in plants. 

Zinc 

The toxicity of zinc to organisms which are exposed to contaminated surface water, 
sediments, and wetland soils was evaluated by reviewing toxicological literature from 1967 
to 1996. Thorough reviews of ecotoxicological literature pertaining to zinc are presented in 
Eisler (1993) and Sheedy et al. (1991). Pertinent data presented in these reviews are 
discussed below. 

The acute and chronic EPA AWQC for zinc are 36.15 and 32.75 ug/1, respectively, 
based on a water hardness of 25 mg/1 as CaCOs (EPA, 1980). Many factors influence the 
relative toxicity of zinc to aquatic and semi-aquatic organisms. For instance the toxicity of 
zinc is higher to embryos and juveniles than to adults, to starved animals, at elevated 
temperatures, at low dissolved oxygen concentrations and in the presence of cadmium and 
mercury (Eisler, 1993). The lethal limit for tadpoles of the toad, Bufo boreas, has been 
reported to lie between 100 and 500 ug/1 (Porter et al., 1976). Fifty percent of Narrow-
mouthed toad (Gastrophryne carolinensis) embryos exposed to 10 ug/1 zinc were dead or 
deformed within 7 days (Eisler, 1993). Acute LC50 (96 hour) values for freshwater 
invertebrates were between 32 and 40,930 ug/1 (Eisler, 1993). The 10-day LC50 for midge 
larvae, (Tanytarsus dissimilis), a taxa which may be present at the site, was 37 ug/1 (Eisler, 
1993). Concentrations as low as 76 ug/1 inhibited reproduction in bluegills (Lepomis 
macrochirus) (Eisler, 1993). 
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BCFs for aquatic insects range from 107 to 1,130 and range from 51 to 432 in fish 
(Eisler, 1993). 

Zinc is relatively non-toxic in mammals (Eisler, 1993). The reproductive organs of 
adult male rats were damaged by exposure to 500 mg/kg diet for 3 weeks or longer (Eisler, 
1993). The laboratory white rat can tolerate a dietary concentration of 320 mg/kg body 
weight, while 640 mg/kg body weight is considered harmful (Llobet et al., 1988). 

The growth and reproduction of terrestrial invertebrates may be impaired by soil 
concentrations as low as 470 mg/kg and soil concentrations of 1,600 mg/kg zinc have been 
shown to reduce natural populations of soil invertebrates (Eisler, 1993). 

Eisler (1993) recommended that bird diets should contain less than 178 mg/kg zinc 
(dry weight) to prevent marginal sublethal effects, and less than 2,000 mg/kg zinc (dry 
weight) to prevent the death of chicks. 

Sensitive terrestrial plants die when zinc concentrations in soil exceed 100 mg/kg 
(Eisler, 1993). The sensitivity of aquatic plants is extremely variable. As little as 19 ug/1 
inhibits the growth of some algae, while some tolerant strains can live in waters containing 
3 g/1 zinc (Eisler, 1993). 

7.00 AMMONIA 

Ammonia is commonly found in natural waters primarily due to the normal breakdown of 
proteins; however, at high concentrations, ammonia can be toxic to aquatic receptors. The 
following paragraphs summarize ammonia toxicity to a number of aquatic receptors reported 
by the National Research Council Subcommittee on Ammonia (1979). 

Only unionized ammonia is considered toxic, and several factors can affect ammonia toxicity, 
including the pH of water, temperature, dissolved oxygen concentrations, salinity, and the 
presence of other contaminants. For example, in a study on the effects of DO on ammonia 
toxicity, decreases in dissolved oxygen concentrations lead to higher ammonia toxicity to 
rainbow trout. Increases of carbon dioxide up to 30 ppm lead to reduced ammonia toxicity. 
Mixtures of ammonia with other contaminants such as phenol, zinc sulfate, or copper sulfate, 
resulted in additive toxicity. In a different study, the mixture of ammonia and hydrocyanic 
acid was found to be more toxic compared to the toxicity of the individual substance. 

A 24 hr LC50 value of 0.5 mg/1 of ammonia for rainbow trout was reported fairly consistently 
in various studies; however, lower threshold values, such as LC50 of 0.2 mg/1 have been 
reported in other studies. In an ammonia toxicity study designed to simulate natural 
conditions, ammonia concentrations that were fluctuated from 0.5 to 1.5 times the LC50 on a 
two hour cycle lead to a higher increase in trout mortality compared to exposure to a constant 
concentration. 
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Exposure of rainbow trout to sublethal concentrations of ammonia lead to an increased rate 
of detoxification via induction of urination. However, in studies of sublethal effects on 
other fish species, chronic exposures lead to toxic effects. Damaged skin, gills, and 
intestines, and disruption to the circulatory system including hemorrhage and congestion 
were observed in carp due to exposure of a sublethal concentration of ammonia. Exposures 
to chronic concentrations were found to result in more harmful effects than effects resulting 
from short-term exposure. Hyperplasia of gill tissue in salmon was reported to have 
resulted from chronic exposure of 0.002 mg/1 for a period of six weeks. Reduced growth 
rate and reduced physical stamina was also attributed to chronic exposure. 
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CHRONIC TOXICITY ̂ TO THE DAPHNID,
 
Ceriodaphnia dubia, AND THE AMPHIPOD,
 
Hvalella azteca, OF FRESH WATER AND
 
SEDIMENT SAMPLES COLLECTED IN THE
 
VICINITY OF THE CENTRAL LANDFILL IN
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BY GZA GEOENVIRONMENTAL, INC.
 
. f
 

'30 June 1998
 

Performed For:
 

GZA GeoEnvironmental, Inc.
 
320 Needham Street
 

Newton Upper Falls, MA 02164
 

Performed by:
 

New England Bioassay, Inc.
 
77 Batson Drive
 

Manchester, Connecticut 06040
 

77 BATSON DRIVE / MANCHESTER, CONN. O6O4O / TEL. (86O) 643-956O / FAX (86O) 646-7169 

ACUTE AND CHRONIC HIOASSAY TESTING - FRESHWATCR AND MARINE CAPAHIL I [ l[-S
 
TOXICITY REDUCTION EVALUATIONS - EFFLUENT TREATABIl H Y STUDIS S
 



Client:
 

NEB Job Number:


Test Materials
 

Sample Dates:
 

Test Types
 

Test Endpoints:


Test Dates:
 

SUMMARY
 

GZA GeoEnvironmental, Inc.
 

 198-015
 

Five Instream Water Samples (Fresh Water)
 
Five Whole-Sediment Samples (Fresh Water)
 

27-28 May 1998 -^Instream Water Samples
 
27-28 May 1998 - Whole Sediment Samples
 

Instream Water:
 

7-day 100% Short-term Chronic Static-Renewal
 
Screening (Single-Concentration) Toxicity Tests
 
with the daphnid, Ceriodaphnia dubia
 

Whole Sediments:
 

14-day Short-term Chronic Flow-through Tests with
 
the amphipod, Hyalella azteca
 

 Instream Water Samples:
 

7-day Survival
 
Reproduction (Number of young/female)
 

Whole Sediments:
 

14-day Survival
 
Growth (Average dry weight/amphipod)
 

Instream Water Samples:
 

28 May - 4 June 1998 (SW98-50, SW98-51, & SW98-52)
 
29 May - 5 June 1998 (SW98-53 & SW98-54)
 

Whole Sediments:
 

3-17 June 1998 (SED98-50, SED98-51, SED98-52,
 
SED98-53, & SED98-54)
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SUMMARY OF RESULTS
 

Daphnids (Ceriodaphnia dubia)*
 

Sample Survival Reproduction ( # Younq/ Fema 1 e )
 
Description (%) Signif* N Mean % Diff. Signif* .
 

Control
 

Collection Date: 27 Mav 1998
 

Lab. Control 100 10 27.5
 

SW98-50 100 NS 10 35.9 +30.5% NS
 

SW98-51 100 NS 10 24.5 -10.9% NS
 

SW98-52 100 NS 10 29.8 - 8.4% NS
 

Collection Date: 28 Mav 1998
 

Lab. Control 100 10 43.8
 
*
 

SW98-53 100 NS 10 41,. 8 - 4.6% NS
 

SW98-54 100 NS 10 38.9 -11.2% NS
 

Amphipods (Hvalella azteca)
 

Sample 14-Dav Survival Growth (mq drv weiqht/amDhipod)
 
Description (%) CV (%) Signifb Mean CV Signifb
 

SED98-50 86 16.3% NS 0.252 13.8% NS
 

SED98-51 90 14.6% NS 0.261 13.8% NS
 

SED98-52 91 7.0% NS 0.288* 11.1% NS
 

SED98-53 94 7.9% NS 0.303 20.5% NS
 

SED98-54 81 26.7% NS 0.253 22.5% NS
 

*	 Survival of daphnids in the five site water samples was compared against
 
survival in the concurrently run control groups (Fisher's exact test); in
 
addition, daphnid reproduction was compared against reproduction in the
 
concurrently run control group (ANOVA and Dunnett's multiple comparison test).
 

b	 Survival of amphipods in the five site sediments were compared against a
 
survival criterion of 80% at 14 days,- in addition, amphipod survival and growth
 
were compared among the five site sediments with the control group excluded
 
(ANOVA and Tukey's multiple comparison test).
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CHRONIC TOXICITY TO THE DAPHNID,
 
Ceriodaphnia dubia, AND THE AMPHIPOD,
 
Hvalella azteca. OF FRESH WATER AND
 
SEDIMENT SAMPLES COLLECTED IN THE
 

VICINITY OF THE CENTRAL LANDFILL IN
 
JOHNSTON, RI ON 27 AND 28 MAY 1998
 

BY 6ZA GEOENVIRONMENTAL, INC.
 

30 June 1998
 

INTRODUCTION
 

This report contains results of chronic toxicity tests performed
 
using grab samples of potentially-contaminated fresh water and
 
sediment collected on 27 and 28 May 1998 by GZA GeoEnvironmental
 
staff from a freshwater site in the vicinity of the Central
 
Landfill in Johnston, RI. Chronic tests with the water samples
 
were conducted by exposing the freshwater daphnid, Ceriodaphnia
 
dubia. to each of the five site water samples for 7 days in a
 
static-renewal test system; chronic tests with the whole-sediment
 
samples were conducted by exposing the freshwater amphipod,
 
Hvalella azteca,, to each of the five sediment samples for 14 days
 
in a flow-through test system. All work reported here was
 
performed at New England Bioassay (NEB) located in Manchester, CT.
 

MATERIALS AND METHODS
 

Sample Collection and Handling
 

Grab samples of potentially-contaminated fresh water and
 
sediment were collected on 27 and 28 May 1998 by GZA personnel
 
(Table 1). Grab samples of water and sediment were picked up by a
 
NEB courier on the same days as sample collection. Copies of chain
 
of custody forms are provided in Appendix A. Upon receipt at NEB,
 
the water and sediment samples were logged into the laboratory and
 
assigned unique identification numbers (Table 1) . Standard wet
 
chemistry analyses [pH, dissolved oxygen, specific conductivity,
 
total residual chlorine (TRC), hardness, and alkalinity] were
 
performed on the freshwater samples when they were received
 
(Table 2).
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TABLE 1. DESCRIPTION OF FRESH WATER AND SEDIMENT SAMPLES COLLECTED 
BY GZA GEOENVIRONMENTAL, INC. ON 27 AND 28 MAY 1998 FOR 
CHRONIC TOXICITY TESTS 

Sample Sample Date Sample NEB
 
Description Type ID Nos.
 

WATER SAMPLES .
 

GZA No. SW98-50 05/27/98 Grab 98 -1803
 
GZA No. SW98-51 05/27/98 Grab 98 -1804
 
GZA No. SW98-52 05/27/98 Grab 98 -1805
 
GZA No . SW98-53 05/28/98 Grab 98 -1809
 
GZA No. SW98-54 05/28/98' «j Grab 98 -1810
 

SEDIMENT SAMPLES
 

GZA No. SED98-50 05/27/98 Grab 98 -1806
 
GZA No. SED9S-51 05/27/98 Grab 98 -1807
 
GZA No. SED98-52 05/27/98 Grab 98 -1808
 
GZA No. SED98-53 05/28/98 Grab 98 -1811
 
GZA No. SED98-54 05/28/98 Grab 98 -1812
 

TABLE 2. WET CHEMISTRY RESULTS FOR FRESH WATER SAMPLES 

Analysis tf
 

Performed SW98-50 SW98-51 SW98-52 SW98-53 SW98-54
 

pH (SU) 7.6 7.4 7.5 7.9 6.9 

Dissolved oxygen (mg/L) 11.2 10.3 10.8 11.6 10.3 

Sp. Conductivity
(^mhos/cm) 

509 734 603 492 505 

TRC (mg/L) 0.19a 0.03 0.06 0.03 0.14a 

Hardness 128 159 140 120 123 
(mg/L as CaCOJ 

Alkalinity
(mg/L as CaCO3) 

72 140 90 65 70 

TRC readings above 0.1 mg/L may be due to positive interference with the 
colorimetric DPD method used; no dechlorination with sodium thiosulfate was 
performed. 



Chronic toxicity tests were initiated with the water samples on
 
the same days that the samples were received. The remainder of
 
each water sample was stored in a cold room (4° ± 2°C) in the dark-

during testing,- an aliquot of each sample was removed each day from
 
the cold room, warmed to the test temperature, and then used for
 
the test-solution renewals.
 

Sediment samples (two 1-gallon plastic containers per sediment)
 
were stored immediately after receipt in the dark in a cold room
 
(4° ± 2°C) until testing was initiated. On the morning of 2 June
 
1998, the five sediment samples were removed from the cold room and
 
any large stones and sticks were removed; the sediment samples from
 
both containers were composited and then manually stirred to ensure
 
homogeneity. After homogenization, 200 g of the wet sediment was
 
then measured into a 1000-mL Mason jar; overlying water was then
 
added to each replicate beaker. After settling overnight, chambers
 
containing the sediment and overlying water were ready for the
 
introduction of the test organisms on 3 June. All five sediments
 
were of a black muck-silt consistency with a mild hydrogen sulfide
 
odor,- SED98-51 contained some sand. The SED98-053 sample contained
 
many hair-like fibers,- the SED98-054 sample contained a large
 
amount of organic matter, mostly grass.
 

In addition to testing the five site sediment samples, an
 
additional artificial sediment was evaluated as a quality-control
 
check to determine the adequacy of the test system. The artificial
 
sediment sample was prepared by NEB on 1 June 1998- from a recipe
 
described in EPA guidance manual (EPA, 1994b; pages 24-25) ,- the
 
composition of the artificial sediment was 78.5% sand, 16.6%
 
silt/clay, and 5% peat moss. After preparation, the artificial
 
sediment was handled similarly to the site sediments.
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Test Organisms
 

Ceriodaphnia dubia used in the chronic toxicity tests were
 
obtained from NEB in-house cultures; daphnids were cultured in
 
laboratory-prepared fresh water under controlled conditions
 
(temperature 25° ± 2°C; photoperiod 16'h light and 8 h dark).
 
C. dubia were individually cultured in 30-mL plastic cups' (one
 
C. dubia per cup) containing 15 mL of laboratory water. Each
 
culture chamber received 50 /iL of a yeast/alfalfa/Tetramin (YAT)
 
food suspension (EPA, 1994a) and 150 ^L of the green alga,
 
Selenastrum capricornutum, when cultures were changed. Survival
 
and reproduction of culture animals were checked each time culture
 
water was changed (on a daily basis after production of a J:irst
 
brood of young). After 14 days, adults were discarded and new
 
cultures were started. All young were removed from culture
 
chambers 24 h before starting a test to ensure that only
 
ceriodaphnids s 24 h old would be available to start tests.
 

Hyalella azteca
 

Hyalella azteca Saussure (Crustacea, Amphipoda) is one of the
 
recommended test species for sediment tests because of its ease of
 
culturing, relatively short generation time, relatively large size
 
as juveniles, and ease of handling the immature stages. This
 
species is widely distributed throughout the U.S. in permanent
 
lakes, ponds and streams; H. azteca is an epibenthic detritivore
 
and will burrow in the sediment surface. Its feeding habits
 
include both filter feeding and ingesting sediment. Amphipods
 
required for testing (480 animals for sediment tests, 40 animals
 
for initial lengths and weights, and 120 animals for reference
 
toxicant tests) were obtained from a commercial supplier.
 



Aquatic Biosystems (ABS; Fort Collins, CO) maintains known-age
 
cultures. ABS shipped approximately 640 juvenile amphipods (7- to
 
13-days old) to NEB on 1 June 1998 by overnight courier. NEB-

received the animals in good condition on 2 June 1998. The
 
amphipods were transferred to a 50:50 mix of laboratory water and
 
shipment water. On the morning of 3 June, the amphipods were
 
sorted, by length (approximately 2 mm as estimated with a
 
millimeter ruler) and 480 amphipods were used to initiate the
 
chronic sediment tests. At test initiation, four subsamples of
 
10 amphipods each were measured for total length (mean size:
 
1.8 mm/amphipod) and then oven dried and weighed (mean dry weight:
 
0.076 mg/amphipod). The remaining amphipods were used in a
 
reference toxicant test with potassium chloride.
 

Test Water
 

The control water for the C. dubia toxicity tests was laboratory
 
fresh water (SRCF nominal hardness and alkalinity: 48 mg/L and 31
 
to 35 mg/L as CaCO3, respectively) . The overlying water used in
 
the whole-sediment chronic toxicity tests with H. azteca was also
 
prepared in the laboratory (MHRCF nominal hardness and alkalinity:
 
92-98 mg/L and 60-65 mg/L as CaCO3, respectively) . The laboratory
 
waters for the chronic tests were prepared based on instructions
 
cited in the EPA chronic testing guidance manual (1994a). The base
 
water used in preparing the SRCF and MHRCF was deionized water from
 
a Millipore Milli-Q® water system; reagent grade salts were added
 
in the appropriate amounts to carboys containing deionized water
 
and mixed. After preparation, each batch of water was aerated at
 
room temperature and then used in testing.
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Test Systems
 

C. dubia Static-Renewal Chronic
 
Surface Water Toxicitv Tests
 

The C. dubia chronic toxicity test procedures are based on
 
recommendations in the EPA guidance document (1994a) titled
 
"Methods for Estimating the Chronic Toxicity of Effluents and
 
Receiving Waters to Freshwater Organisms." For chronic testing,
 
young C. dubia (< 24-h old at test initiation) were continuously
 
exposed for 7 days under static-renewal conditions to the undiluted
 
site'water samples. One water sample was collected from each site;
 

- f
 

therefore, all test solution renewals were performed with the
 
initial water sample. C. dubia were individually exposed in 30-mL
 
plastic cups containing 15 mL of site water or control water with
 
10 replicate beakers per water sample. Test beakers " were
 

r
 

maintained under the specified conditions (mean and individual test
 
temperatures 25° + 1°C; photoperiod 16 h light and 8 h dark).
 
Surviving Ceriodaphnia were transferred daily with a large-bore
 
pipette to newly prepared solutions containing food.
 

Temperature, dissolved oxygen, pH, and specific conductivity'
 
were measured daily on composite samples of newly prepared
 
solutions. Temperature, dissolved oxygen, and pH were measured in
 
one replicate of the 24-h-old test solutions for each sample.
 
Observations on the number of live and dead (or immobilized)
 
animals were made daily. Reproduction was monitored daily by
 
counting number of live and dead young per female when adults were
 
transferred to new solutions. Young were discarded after counting.
 

H. azteca Flow-through Chronic
 
Whole-Sediment Toxicity Tests
 

The amphipod chronic toxicity test procedures are based on
 
recommendations in the EPA guidance document (1994b) titled
 
"Methods for Measuring Toxicity and Bioaccumulation of Sediment-

associated Contaminants with Freshwater Invertebrates."
 



Per client request, the test duration was extended from 10 days
 
to 14 days and water-renewals were changed from a static/static
renewal system to a flow-through system. Immature amphipods
 
(approximately 2 mm in size at test initiation) were continuously
 
exposed for 14 days under flow-through conditions to sediment
 
samples from each of the five sites. An artificial sediment was
 
also evaluated. Laboratory prepared water (nominal hardness: 92 to
 
98 mg/L as CaC03) was used as overlying water for the tests.
 

Immature amphipods were exposed in groups of 10 animals in
 
l-quart glass Mason jars containing 0.2 kg of sediment and
 
approximately 500 mL of laboratory-prepared water, with eight
 
replicate beakers per concentration (80 animals per sediment).
 
Each test chamber contained a 7/8-inch hole in the side of the
 
chamber covered with 800 urn. Nitex mesh at the 750-mL mark.
 
Laboratory "water was continuously added to each test chamber using
 
an Isma-tic peristaltic pump (Model 7338-20) at a rate of
 
approximately 42 to 60 mL per hour (two chamber volumes per day) ;
 
excess water was removed through the overflow hole.
 

Test animals were fed 4.3 mL of a mixture of YAT per beaker per
 
day. After adding amphipods to the test chambers, the chambers
 
were loosely covered to reduce evaporation. Because the amphipods
 
were fed daily during the test, test chambers were gently aerated
 
(single bubble aeration) during testing to maintain adequate
 
dissolved oxygen levels (> 30% saturation) in the overlying water.
 
Test chambers were placed in a water bath in a controlled
 
environment room under the test conditions (temperature 23° ± 2°C;
 
photoperiod 16 h light and 8 h dark).
 

Temperature, dissolved oxygen, pH, and conductivity were
 
measured daily in one replicate per concentration. Hardness and
 
alkalinity were measured on each batch of laboratory water before
 
use,- in addition, hardness and alkalinity were measured on a sample
 
of overlying water from one replicate in each set of sediment
 
chambers at the end of the test. Ammonia levels were measured in
 
the overlying water at the end of the test. Observations on number
 
of live and dead animals were made when chronic tests were 
terminated (14 days). 
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At the end of 14 days when tests were terminated, overlying
 
water and sediment in the test chambers were poured through a
 
series of stainless steel sieves to collect the amphipods. After
 
most of the overlying water was removed from the test beakers, the
 
remaining overlying water was poured through #35 (500 /im) and #50
 
(300 ^m) stainless steel sieves. If the amphipods were still in
 
the sediment, the top layer of the sediment was rinsed with a
 
squirt bottle containing deionized water and poured through the
 
sieve. The amphipods were usually large enough to be trapped by
 
the larger sieve.
 

After sieving, amphipod survival counts were performed. All
 
live amphipods within a replicate-were placed^in pre-weighed drying
 
pans and kept in a drying oven overnight- (100°± 5°C). The
 
following day, the weigh pans containing the dried amphipods were
 
reweighed as a group using a 5-place balance. Total dry amphipod
 
weight per replicate was then divided by the number of amphipods
 
weighed to obtain an average dry amphipod weight per replicate.
 

Reference Toxicant Tests
 

Acute reference toxicant tests were conducted with in-house
 
cultures of C. dubia (sodium chloride; NaCl) and with purchased
 
stocks of H. azteca (potassium chloride; KC1). The 48-h data from
 
the NaCl reference toxicant test was used to calculate an LCSO for
 
C. dubia; the NaCl reference toxicant test consisted of five
 
nominal concentrations (0.3, 0.5, 1.0, 2.0, and 3.0 g/L NaCl) and
 
a dilution-water control. The 96-h data from the KC1 reference
 
toxicant test was used to calculate an LC50 for H. azteca; the KC1
 
reference toxicant test consisted of five nominal concentrations
 
(0.0625, 0.125, 0.25, 0.5, and 1.0 g/L KC1) and a dilution-water
 
control. Laboratory-prepared fresh water [nominal hardness val-ues
 
of 48 mg/L for C. dubia (SRCF) and 92 mg/L as CaCO3 for H. azteca
 
(MHRCF)] was used as dilution and control water for the reference
 
toxicant tests.
 



Statistical Analysis
 

Chronic toxicity data from the C. dubia static-renewal tests
 
were used to determine if the five site waters exhibited
 
significant chronic effects when compared with laboratory-water
 
control animals. C. dubia survival data were analyzed by using
 
Fisher's exact test comparing survival of organisms in the site
 
waters with survival in the laboratory-water control. A parametric
 
ANOVA and Dunnett's multiple comparison test (if the ANOVA was
 
significant, P < 0.05) were used for comparing C. dubia
 
reproduction in the test concentrations with that in the control
 
water. •••
 

Chronic toxicity data from the amphipod flow-through tests were
 
used to determine if the sediment samples exhibited significant
 
chronic effects. Because of the poor survival of the amphipods in
 
the artificial laboratory sediment, chronic effects on amphipod
 
survival in the five site sediments were compared against a
 
survival criterion of 80% at 14 days.
 

In addition, amphipod survival and growth were compared among
 
the five site sediments with the control group excluded (ANOVA and
 
Tukey's multiple comparison test); Tukey's multiple comparisons
 
test allows comparisons of either survival or growth among all five
 
site sediment samples excluding the control group. Printouts for
 
statistical analyses of chronic toxicity test data for C. dubia and
 
H. azteca are provided in.Appendices A and B, respectively. Copies
 
of the raw data sheets and statistical summary printouts for the
 
C. dubia and H. azteca reference acute toxicity tests are located
 
in Appendix C.
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RESULTS
 

C. dubia Static-Renewal Chronic
 
Toxicitv Tests With Water Samples
 

Chronic toxicity tests with five water samples collected from
 
the Central Landfill site in Johnston, RI were conducted with
 
C. dubia (Table 3) . Analysis of daily survival data indicated that
 
survival of C. dubia was 100% for all five sites; C. dubia survival
 
was not significantly reduced in any of the water samples (Fisher's
 
exact test; P > 0.05) when compared with laboratory-water control
 
survival (100% survival after 7 days).
 

The results of 7-day survival and reproduction tests with
 
Ceriodaphnia dubia with five surface waters provided by GZA on
 
27 and 28 May 1998 from the Central Landfill in Johnston, RI are
 
summarised below. Survival of C. dubia to each of the five surface
 
waters was 100% after a 7-day exposure. Daphnid reproduction was
 
not significantly reduced in any of the water samples when compared
 
with their respective controls; young production averages ranged
 
from 24.5 to 41.8. for the five samples.
 

Analysis of reproductive data (Table 3) by ANOVA and Dunnett's
 
test indicated that C. dubia reproduction was not significantly
 
reduced (P > 0.05) in any of the site water samples when compared
 
with reproduction in their respective laboratory-water controls.
 
The ranges of water-quality measurements for the .C. dubia tests
 
for dissolved oxygen, temperature, pH, and specific conductivity
 
were 7.2 to 9.3 mg/L, 24.3° to 25.5°C, 7.3 to 8.4 SU, and 180 to
 
730 ^mhos/cm, respectively (Table 4) . (For more detail, see raw
 
data sheets in Appendix A.)
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TABLE 3. SURVIVAL AND REPRODUCTION OF DAPHNIDS, Ceriodaphnia dubia, IN 7-DAY
 
CHRONIC TOXICITY TESTS WITH FIVE SURFACE WATER SAMPLES COLLECTED ON 27
 
AND 28 MAY 1998 FROM THE CENTRAL LANDFILL SITE IN JOHNSTON, RI
 

Total Young*
 
Test Dailv Survival m oer f ema 1 e
 

Concentrat ion 1 2 3 4 5 6 7 N X CV (%)
 

Sample Date: 27 Mav 1998 Test Dates: 28 Mav - 4 June 1998 

LAB CONTROLb 100 100 100 100 100 100 100 10 27. 5 37.5% 
SW98-50 100 100 100 100 100 100 100 10 35. 9 26.0% 
SW98-51 100 100 100 100 100 100 100 10 24. 5 19.6% 
SW98-52 100 100 100 100 100 100 100 10 29. 8 26.0% 

Sample Date: 28 Mav 1998 Test Dates: 29 Mav - 5 June 1998 

LAB CONTROL6 100 100 100 100 100 100 100 10 43. 8 8.4% 
SW98-53 100 100 100 100 100 100 100 10 41. 8 18.5% 
SW98-54 100 100 100 100 100 100 100 10 38. 9 14.0% 

N: number of females at start of test; X: Mean; CV: coefficient of
 
variation.
 

SRCF: soft reconstituted freshwater was used as laboratory control water.
 

TABLE 4 . WATER QUALITY MEASUREMENTS FOR Ceriodaphnia dubia TESTS
 

Sample DO Temp PH Cond.
 
Description (mg/L) (°C) (SU) (fj. mhos /cm)
 

Test Dates: 27 Mav - 4 June 1998
 

LAB CONTROL 7.8 25 .0 7.8 182
 
7.5 -8.2 24.4 -25.5 7.3 -8.0 180-185
 

SW98-50 8.1 24 .9 8.0 506
 
7.4 -9.0 24.4 -25.3 7.8 -8.1 504-510
 

SW98-51 8.2 24 .9 8.1 726
 
7.4 -8.7 24.3 -25.2 7.6 -8.4 723-730
 

SW98-52 8.2 24 .9 8.1 598
 
7.4 -8.9 24.3 -25.2 7.6 -8.3 591-608
 

Test Dates: 28 Mav - 5 June 1998
 

LAB CONTROL 7.7 24 .9 7.8 183
 
7.5 -8.3 24.5 -25.4 7.5 -8.1 180-188
 

SW98-53 8.2 25 .0 '8 .1 485
 
7.2 -9.3 24.5 -25.3 7.7 -8.4 481-488
 

SW98-54 8.1 24 .9 7.9 496
 
7.3 -8.6 24.7 -25.4 7.5 -8.2 491-503
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H. azteca Flow-through Chronic
 
Whole-Sediment Toxicity Tests
 

Chronic toxicity tests with five sediment samples collected by
 
GZA on 27 and 28 May 1998 from the Central Landfill site were
 
conducted with H. azteca during 3-18 June 1998-(Table 5). Survival
 
of H. azteca to the five sediments was > 80% after a 14-day
 
exposure which was higher than, the EPA-control acceptability
 
criterion of a 80% survival at test completion for reference
 
sediments. After a 14-day exposure, amphipods exposed to the five
 
sediments increased in weight by an average of 3.5x (range: 3.3x
 
to 4.Ox) when compared with initial amphipod weights at test
 

.f
 

initiation; average amphipods weights ranged from a low of 0.252 mg
 
(SED98-50) to a high of 0.303 mg (SED98-53) compared with initial
 
average amphipod weight of 0.076 mg (Day 0 dry weight).
 

Amphipod survival in the artificial sediment prepared by NEB was
 
i
 

poor (35% after 14 days) indicating that the laboratory sediment
 
was not an acceptable substrate for use in a 14-day flow-through
 
test with amphipods. Surviving amphipods were also about half the
 
weights of exposed amphipods (0.124 mg/amphipod) suggesting that
 
amphipods exposed in the artificial substrate may have "starved"
 
because of lack of a natural food source, longer exposure period,
 
and flow-through conditions.
 

Test results suggest that the five sediments were all similar in
 
survival and weights (i.e., no statistical differences among the
 
five samples) . The high survival (> 80% after 14 days) indicate no
 
adverse effects on amphipod survival. Weight comparisons were made
 
among the various site sediments using ANOVA and Tukey's multiple
 
comparisons test; no significant differences in weights were
 
observed when the five sites were compared against each other
 
excluding the control group.
 

Ranges of water-quality measurements for overlying water in the
 
H. azteca tests for dissolved oxygen, temperature, pH, and specific
 
conductivity were 6.7 to 9.2 mg/L, 22.0° to 23.4°C, 7.3 to 8.1 SU,
 
and 302 to 422 /^mhos/cm, respectively (Table 6) ,- ammonia levels in
 
overlying water ranged from 0.2 to 0.5 mg/L at test termination
 
(For more detail, see raw data sheets in Appendix B.)
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TABLE 5. SURVIVAL AND GROWTH OF AMPHIPODS, Hyalella azteca, IN
 
14-DAY CHRONIC TOXICITY TESTS WITH FIVE WHOLE-SEDIMENT
 
SAMPLES COLLECTED ON 27 AND 28 MAY 1998 FROM THE CENTRAL
 
LANDFILL SITE IN JOHNSTON, RI
 

Sample Survival Growth (drv weiqht/amDhiood)
 
Description Mean (%) CV (%) Signif .' Mean (mg) CV (%) Signif
 

Test Dates: 3-17 June 1998 

Lab. Control 35 57.1% - 0.124 45 .3% -

SED98 -50 86 16.3% NS 0.252 13 .8% NS 

SED98 -51 90 14.6% NS ' 0.261 13 .8% NS 

SED98 -52 91 7.0% NS 0.288 11 .1% NS 

SED98 -53 94 7.9% NS 0.303 20 .5% NS 

SED98 -54 81 26.7% NS 0.253 22 .5% " NS 
I 

Control group not included in statistical analysis. NS: Not significant
 
(P > 0.05); *: significant (P < 0.05); Analysis of Variance (ANOVA) and
 
Tukey's Multiple Comparisons Test.
 

TABLE 6. WATER QUALITY MEASUREMENTS FOR Hyalella azteca TESTS
 

Sample DO Temp pH Cond.
 
Description (mg/L) (°C) (SU) (^mhos/cm)
 

Test Dates: 3-17 June 1998
 

LAB CONTROL 8. 2 22 .6 7. 8 365
 
7.5- 9.2 22.0 -23.2 7.6- 8.0 318-422
 

SED98-50 8. 0 22 .7 7. 8 349
 
7.3- 8.8 22.1 -23.2 7.5- 8.0 315-377
 

SED98-51 7. 9 22 .8 7. 8 352
 
7.3- 8.9 22.2 -23.4 7.5- 8.0 320-368
 

SED98-52 7. 7 22 .8 7. 8 350
 
6.9- 8.6 22.1 -23.4 7.3- 8.1 302-397
 

SED98-53 7. 9 22 .8 . 7. 8 349
 
6.7- 8.8 22.2 -23.4 7~. 5- 8.1 302-375
 

SED98-54 7. 6 22 .7 7.7 344
 
6.8- 8.7 22.2 -23.2 7.5- 7.9 307-355
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Reference Toxicant Tests
 

The NaCl 48-h LCSO was estimated for C. dubia using survival data
 
generated from an acute reference toxicant test with in-house
 
daphnid cultures (test dates: 1-3 June 1998). The 48-h LCSO for
 
C. dubia was 2.0 g/L KC1 (95% confidence limits of 1.0 to 3.0 g/L
 
NaCl; binomial method). Survival of control daphnids was 100% at
 
test completion (48 h).
 

The KC1 96-h LCSO was estimated for H. azteca using survival data
 
generated from an acute reference toxicant test with the same
 
cohort of purchased amphipods (test dates: 5-9 June 1998). The
 
96-h LCSO for H. azteca was 0.30.g/L KC1 (95% confidence limits of
 
0.24 to 0.37 g/L KC1; trimmed Spearman-Karber method). Survival of
 
control amphipods was 95% at test completion (96 h).
 

The results of the acute reference toxicant tests with NaCl and
 
>*
 

KC1 indicate the health of the organisms was satisfactory. A copy
 
of the reference toxicant data for C. dubia and H. azteca is found
 
in Appendix C. 
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SUMMARY
 

The results of chronic toxicity tests conducted with grab
 
samples of water (C. dubia chronic tests) and sediment (H. azteca
 
chronic tests) collected on 27 and 28 May 1998 from the Central
 
Landfill in Johnston, Rhode Island by GZA GeoEnvironmental staff
 
are summarized below.
 

•» •
 

Summary of Results
 

Daphnids (Ceriodaphnia dubia)
 

Sample Survival Reproduction (#Younq/Female)
 
Description Signif N Mean % Diff. Signif
 

Control
 

Collection Date; 27 May 1998 

Lab. Control 
SW98-50 
SW98-51 
SW98-52 

100 
100 
100 
100 

NS 
NS 
NS 

10 
10 
10 
10 

27.5 
35.9 
24.5 
29.8 

+30.5% 
-10.9% 
- 8.4% 

NS 
NS 
NS 

Collection Date; 28 May 1998 

SW98-53 100 NS 10 41.8 - 4.6% NS
 
SW98-54 100 NS 10 38.9 -11.2% NS
 

Amphipods (Hvalella azteca)
 

Sample 14-Dav Survival Growth (mq dry weiqht/amDhiood)
 
Description (%) CV (%) Signifb Mean CV Signifb
 

SED98 -50 86 16. 3% NS 0.252 13 .8% NS
 
SED98 -51 90 14. 6% NS 0.261 13 .8% NS
 
SED98 -52 91 7. 0% NS 0.288 11 .1% NS
 
SED98 -53 94 7. 9% NS 0.303 20 .5% NS
 
SED98 -54 81 26. 7% NS 0.253 22 .5% NS
 

a Survival of daphnids in the five site water samples was compared against
 
survival in the concurrently run control groups (Fisher's exact test);' in
 
addition, daphnid reproduction was compared against reproduction in the
 
concurrently run control group (ANOVA and Dunnett's multiple comparison test).
 

b Survival of amphipods in the five site sediments were compared against a
 
survival criterion of 80% at 14 days; in addition, amphipod survival and growth
 
were compared among the five site sediments with the control group excluded
 
(ANOVA and Tukey's multiple comparison test).
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APPENDIX A
 

CHAIN OF CUSTODY DOCUMENTATION
 
CHRONIC TOXICITY DATA SHEETS
 
AND STATISTICAL ANALYSES FOR
 

DAPHNID/ Ceriodaphnia dubia, TESTS
 
WITH SITE WATER SAMPLES
 





NEW ENGLAND BIOASSAY, INC. 
77 BATSON DRIVE 
MANCHESTER, CT 06040 . 
(860)643-9560 ' •  ' 

CHAIN OF CUSTODY 

PROJECT NAME: /"gvvlY/yf //••^J-Pil PROJECT LOCATION: rO)̂ ^ ,̂ |2j (_ PROJECT NUMBER: 
I—— ̂ "^ * 1 1 " 1 t~t*Vv 1 M ' 

SOURCE CODE: 
W = WELL 0 - OUTFALL RO = RUNOFF B - BOTTOM SEDIMENT OR - DILUENT RIVER 
LF = LANDFILL T . TREATMENT FACILITY L = LAKE/OCEAN X = OTHER/SPECIFY DO- DILUENT OCEAN 

NEB SAMPLE SOURCE SAMPLE CONTAINER ANALYSIS REQUIRED DATE/TIME OF 
SAMPLE ID. CODE TYPE COLLECTION 
NUMBER GRAB COMP. NO. TYPE SIZE PRES START END 

DATE: <•.•)<? e/Q 
Oo 1 ^?/-\Q 4^-53 l~ X 7- TIME: -> ^0 " I 0 ' VJ I 0 ( J 1 

DATE: 
"^•mo SW4S -5H U * > TIME: 

DATE: uml S&Offi -53 G, * > TIME: 
DATE: y 

^i O I V 1 **") ^o^-?| (b >^ > TIME: V 
DATE: 
TIME: 
DATE: 
TIME: 
DATE: - ' TIME: 
DATE: 
TIME: 

CONTAINER TYPE: P •» PLASTIC E = EPA VIAL C - CUBE G - GLASS A - AMBER GLASS B = DACTCRIA nOTTLC
 
PRESERVATION CODE: 1 . ICED F = FILTERED . N= NITRIC ACID H- HYDROCLORIC ACID (HCL)
 

S = SODIUM HYDROXIDE (NaOH) T = SODIUM THIOSULFATE O = OTHER/SPECIFY
 
SAMPLERS SIGNATURE AFFILIATION DATE TIME TRANSFERS ACCEPTED Dtf A DATE TIME 

RELINQUISHED BY: 2? '10 ^%r/T^^o^>n G-^n 
ADDITIONAL COMMENTS: 

'̂ vJ, ^-Vl l/.^//^7 t% ̂  i/^U^/^ ^J^L^^ *$*n<* 
METHOD OF SHIPMENT: DATE TIME , ̂  " \ 



MISCELLANEOUS DATA INFORMATION
 

CLIENT:.
 

SAMPLE:.
 

JOB # :.
 

TEST ft:
 î 
 
INITIAL CHEMISTRY DATA
 

DATE S/Jf/ff jks/ft 
SAMPLE &fff-$0 ivff-Sl 

D.O. 
(mg/L) II, a 10.3 
TEMP. 
(°C) M.O ia.o 
pH
(su) t 7.0. 7-M 
COND.
 
(^ifnhos/cm)
 60^ "?3M
 
SALINITY
 <^ 1 ^ / ' (ppt) 

TRC 
(mg/L) o. iH O.O^i 

HARDNESS
 
(mg/L)
 la? /ffl 

ALKALINITY
 
(mg/L)
 72. IHO 
COLOR l^iC<^llo-J If^ht ijeilco 

ii.it ^iPfc 

INITIALS 

ft> 41D 
NOTE: NA = NOT APPLICABLE
 

sfafo • 

4»'ff-f) 

lo.'Sr 

n.o
 

7-^
 

.1*03
 

/- /
 

O.OO> 

/HO 

^
 

li^nt jjtllcxu
 
-hVlfc
 

•ft 

Data Reviewed By: * • Date Reviewed:
 



MISCELLANEOUS DATA INFORMATION
 

CLIENT:.
 

SAMPLE:.
 

JOB # :.
 

TEST #:_
 

INITIAL CHEMISTRY DATA
 

DATE 
" 

5pn ^p?i^ 
SAMPLE lm5"3 •SUI^ 

(mg/L) 
D.O. 

I | . ( P lo.3 
TEMP.
 
(°C)
 (0.7 W , 
pH
 
(SU) (
 1-1 t.^ 
COND. 
(^mhos/cm) .^a 5b^5 
SALINITY ^ ^ (PPt) 

TRC o.H (mg/L) 0.03
 
HARDNESS
 
(mg/L) I20 1^3 
ALKALINITY 
(mg/L) 6<5 70 
COLOR 

It-^JUeii (4-. ynicG 
INITIALS 

Lu) LxO 
NOTE: NA = NOT APPLICABLE
 

Data Reviewed By: Date Reviewed :
 



NEW ENGLAND BIQASSAY TQXICITY DATA FORM
 
CHRONIC COVER SHEET
 

Q>
CLIENT:
 C. dub la TEST ID NO:f_2l2l2i[ 
ADDRESS:
 

PROJECT KO: 

CONTACT:
 

SAMPLE TYPE: Ifl/ulfill 
DILUTION HATER SOURCE: f ccAS-frfahrd tnrsKufak/" 

INVERTEBRATE 

TEST SET UP (TECH. IKIT.) : 

TEST SPECIES: Cerlodaphnta dubia 

HEB LOT «:__
 

ACE:________<2« Hours
 

TEST SOLUTION VOLUME: IS (mL)
 

NO. ORGANISMS PER TEST CHAMBER:
 

NO. ORGANISMS PER CONCENTRATION: 10 

NO. ORGANISMS PER CONTROL: 10 
.f 

START DATEj/UtfT. 5£ 2?ni? AT /e?/^ (hours) 

t END DATElT/lUrS.tj !«//?? AT H (5 (hours. 

Laboratory Control Hater Sample Collection Time 
i Sitewater tfl from: ^?pc,'7JTfl at 

Test Batch Hardness Alkalinity to : at 
Day Number n<9/L CaCO, mg/1 CaCO,

CWK-OOK . 4^ 31 
i Ct?s-ooif ^ 31 
2 cifXs-<yr> <% g r ^>/ , to : at 

3 ^"^r-^/ / v^ 3£ 
4 C-7ys-6>M «^^ 3C^

Sitewater ft 3 from: r)|«c/| 7 0 at "~ s <^?^J"c?/| ^ S" -Sr"
^>^*/ff~5^. to: at « r^^s-on U^ •3-5 

Results of ceriodaphnia dubia Chronic Test
 
95V Conf. Llnit
 

NOEC: NO-OBSERVED-EFFECT-CONCEKTRATION LOEC: LOWEST-OBSERVED-EFFECT-CONCENTRATION 

ANIMAL CONDITION/BEHAVIOR:
 

COMMENTS:
 

REVIEWED BY:
 

http:DATElT/lUrS.tj
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GZA - Central Landfill - Test ID#98-2194
 
C. dubia 7-Day Survival
 

Test Dates: 28 May 1998 - 4 June 1998
 

FISHER'S EXACT TEST
 

NUMBER OF
 

IDENTIFICATION ALIVE DEAD TOTAL ANIMALS
 

CONTROL 10 0 10
 

SW98-50 10 0 10
 

TOTAL 20 0 20
 

CRITICAL FISHER'S VALUE (10,10,10) (p=0.05) IS 6. b VALUE IS 10.
 
Since b is greater than 6 there is no significant difference
 
between CONTROL and TREATMENT at the 0.05 level.
 

.f
 

FISHER'S EXACT TEST
 

NUMBER OF
 

IDENTIFICATION ALIVE DEAD TOTAL ANIMALS
 

CONTROL 10 0 10
 

SW98-51 ' 10 0 10
 

TOTAL 20 0 20
 

CRITICAL FISHER'S VALUE (10,10,10) (p=0.05) IS 6 . b VALUE IS 10
 
Since b is greater than 6 there is no significant difference
 
between CONTROL and TREATMENT at the 0.05 level.
 

FISHER'S EXACT TEST
 

NUMBER OF
 

IDENTIFICATION ALIVE DEAD TOTAL ANIMALS
 

CONTROL 10 0 10
 

SW98-52 10 0 10
 

TOTAL 20 0 20
 

CRITICAL FISHER'S VALUE (10,10,10) (p=0.05) IS 6. b VALUE IS 10
 
Since b is greater than 6 there is no significant difference
 
between CONTROL and TREATMENT at the 0.05 level.
 



GZA - Central Landfill  Test ID#98-2194 
C. dubia 7-Day Survival 

Test Dates: 28 May 1998 4 June 1998 

SUMMARY OF FISHER'S EXACT TESTS 

GROUP IDENTIFICATION
NUMBER

 EXPOSED
 NUMBER
 DEAD

 SIG 
 (P=.05) 

1
2
3

CONTROL
 SW98-50
 SW98-51
 SW98-52

 10
 10
 10
 10

 0 
0 
0 
0 



TITLE: GZA-Central Landfill Test ID#98-2194 C. dubia Repro.
 
FILE: A:\gzacd.dat
 
TRANSFORM: HO TRANSFORMATION NUMBER OF GROUPS: 4
 

GRP IDENTII ?ICATION REP VALUE TRANS VALUE
 

1 Lab Control 1 44.0000 44.0000
 
1 Lab Control 2 28.0000 28.0000
 
1 Lab Control 3 31.0000 31.0000
 
1 Lab Control 4 36.0000 36.0000
 
1 Lab Control 5 12.0000 12.0000
 
1 Lab Control 6 25.0000 25.0000
 
1 Lab Control 7 17.0000 17.0000
 
1 Lab Control 8 28.0000 28.0000
 
1 Lab Control 9 38.0000 38.0000
 
1 Lab Control 10 16.0000 16.0000
 

2 SW98-50 1 42.0000 42.0000
 
2 SW98-50 2 20.0000 20.0000
 
2 SW98-50 3 30.0000 30.0000
 
2 SW98-50 4 41.0000 41.0000
 
2 SW98-50 5 45.0000 45.0000
 

'
2 SW98-50 6 24.0000 24.0000
 
2 SW98-50 7 39.0000 39.0000
 
2 SW98-50 8 46.0000 46.0000
 
2 SW98-50 9 43.0000 43.0000
 
2 SW98-50 10 29.0000 29.0000
 

3 SW98-51 1 35.0000 35.0000
 
3 SW98-51 2 25.0000 25.0000
 
3 1 SW98-51 3 26.0000 26.0000
 
3 SW98-51 4 25.0000 25.0000
 
3 SW98-51
 
3 SW98-51
 

5
6
 

17.0000 17.0000
 
19.0000 19.0000
 

3
 
3
 
3
 
3
 

4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 

SW98-51
 
SW98-51
 
SW98-51
 
SW98-51
 

SW98-52
 
SW98-52
 
SW98-52
 
SW98-52
 
SW98-52
 
SW98-52
 
SW98-52
 
SW98-52
 
SW98-52
 
SW98-52
 

7
 
8
 
9
 
10
 

1
 
2
 
3
 
4
 
5
 
6
 
7
 
8
 
9
 
10
 

25.0000
 
26.0000
 
22.0000
 
25.0000
 

31.0000
 
36.0000
 
24.0000
 
28.0000
 
19.0000
 
19.0000
 
32.0000
 
29.0000
 
43.0000
 
37.0000
 

25.0000
 
26.0000
 
22.0000
 
25.0000
 

31.0000
 
36.0000
 
24.0000
 
28.0000
 
19.0000
 
19.0000
 
32.0000
 
29.0000
 
43.0000
 
37.0000
 



GZA-Central Landfill Test ID#98-2194 C. dubia Repro.
 
File: A:\gzacd.dat Transform: NO TRANSFORMATION
 

SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 1 of 2
 

GRP IDENTIFICATION N MIN MAX MEAN
 

1 Lab Control 10 12.000 44.000 27.500
 
2 SW98-50 10 20.000 46.000 35.900
 
3 SW98-51 10 17.000 35.000 24.500
 
4 SW98-52 10 19.000 43.000 29.800
 

GZA-Central Landfill Test ID#98-2194 C. dubia Repro.
 
File: A:\gzacd.dat Transform: NO TRANSFORMATION
 

SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 2 of 2
 

GRP IDENTIFICATION VARIANCE SD SEM C.V.%
 

1 Lab Control 106.278 '10.309 3.260 37.49 
2 SW98-50 87.211 9.339 2.953 26.01 
3 SW98-51 23.167 4.813 1.522 19.65 
4 SW98-52 60.178 7.757 2.453 26.03 



GZA-Central Landfill Test ID#98-2194 C. dubia Repro. 
File: A:\gzacd.dat Transform: NO TRANSFORMATION 

Chi-square test for normality: actual and expected frequencies 

INTERVAL <-1.5 -1.5 to <-0.5 -0.5 to 0.5 >0.5 to 1.5 >1.5 

EXPECTED
OBSERVED

 2.680
 3

 9.680
 1  0

 15.280
 1  5

 9.680
 9  3 

 2.680 

Calculated Chi-Square goodness of fit test statistic =
Table Chi-Square value (alpha =0.01) = 13.277 

Data PASS normality test. Continue analysis. 

 0.1399 

GZA-Central Landfill Test ID#98-2194 C. dubia Repro. 
File: A:\gzacd.dat Transform: NO TRANSFORMATION 

Shapiro  Wilk's test for normality 

D = 2491.500 

W = 0.971 

Critical W (P = 0.05) (n = 40)
Critical W (P = 0.01) (n = 40)

 = 0.940 
= 0.919 

Data PASS normality test at P=0.01 level. Continue analysis. 

GZA-Central Landfill Test ID#98-2194 C. dubia Repro. 
File: A:\gzacd.dat Transform: NO TRANSFORMATION 

Bartlett's test for homogeneity of variance 
Calculated Bl statistic = 4.94 

Table Chi-square value = 11.34 (alpha =0.01, df = 3) 
Table Chi-square value = 7.81 (alpha =0.05, df = 3) 

Data PASS Bl homogeneity test at 0.01 level. Continue analysis. 



GZA-Central Landfill Test ID#98-2194 C. dubia Repro.
 
File: A:\gzacd.dat Transform: NO TRANSFORMATION
 

ANOVA TABLE
 

SOURCE DF SS MS F 

Between 3 700 .275 233.425 3.373 • 

Within (Error) 36 2491 .500 69.208 

Total 39 3191 .775 

Critical F value = 2.92 (0.05,3,30)
 
Since F > Critical F REJECT Ho: All equal
 

GZA-Central Landfill Test ID#98-2194 C. dubia Repro.
 
File: A:\gzacd.dat Transform: NO TRANSFORMATION
 

' DDNNETT'S TEST TABLE 1 OF 2 Ho:Control<Treatment
 

TRANSFORMED MEAN CALCULATED IN
 
GROUP IDENTIFICATION MEAN ORIGINAL UNITS T STAT SIG
 

1 Lab Control 27.500 27.500
 
2 SW98-50 35.900 35.900 -2.258
 
3 SW98-51 24.500 24.500 0.806
 
4 , SW98-52 29.800 29.800 -0.618
 

Dunnett table value = 2.15 (1 Tailed Value, P=0.05, df=30,3)
 

GZA-Central Landfill Test ID#98-2194 C. dubia Repro.
 
File: A:\gzacd.dat Transform: NO TRANSFORMATION
 

DUNNETT'S TEST TABLE 2 OF 2 Ho:Control<Treatment
 

NUM OF Minimum Sig Diff % of DIFFERENCE
 
GROUP IDENTIFICATION REPS (IN ORIG. UNITS) CONTROL FROM CONTROL
 

1 Lab Control 10 
2 SW98-50 10 7.999 29.1 -8.400 
3 SW98-51 . 10 7.999 29.1 3.000 
4 SW98-52 10 7.999 29.1 -2 .300 



NEW ENGLAND BIOASSAY TOXICITY DATA FORM
 
CHRONIC COVER SHEET
 

CLIENT: C. dubia TEST ID HO !~I B' 
ADDRESS: COC in 

PROJECT NO: 

CONTACT:
 

SAMPLE TYPE: C&nbaJ. 
DILUTION WATER SOURCE:
 

INVERTEBRATE 

TEST SET UP (TECH. INIT.): lul 
TEST SPECIES: Ceriodaohnia dubia 

NEB LOT *:_ A 
AGE:_________<2« Hours 

TEST SOLUTION VOLUME: 15 (mL)
 

NO. ORGANISMS PER TEST CHAMBER: __
 

NO. ORGANISMS PER CONCENTRATION: _
 

NO. ORGANISMS PER CONTROL: ____10
 

START DATE: 1340 (hours) 

END DATE: (hours) AT'//VQ
 

Laboratory Control Hater Sample Coltection Time 

Sitewater ifl £rom:_5i2Si32__ at ' 
Test Batch Hardness Alkalinity to; '̂ -L- ~ at ~ 
Day Number mg/L CaCO, mg/1 CaCO, 

31
 
Sitewater from; at 

35 to: at 

35
 
55
 
35
 

ResultssVf Cerlodaphnia dubia Chronic Test
 
95* Conf. Limit
 

LOEC:_ 

NOEC: NO-OBSERVED-EFFECT-CONCENTRATION LOEC: LOWEST-OBSERVED-EFFECT-CONCENTRATION 

ANIMAL CONDITION/BEHAVIOR:_
 

COMMENTS:_____
 

REVIEWED BY:
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GZA - Central Landfill - Test ID#98-2201
 
C. dtibia 7-Day Survival
 

Test Dates: 29 May 1998- 5 June 1998
 

FISHER'S EXACT TEST
 

NUMBER OF
 

IDENTIFICATION ALIVE DEAD TOTAL ANIMALS
 

CONTROL 10 0 10
 

SW98-53 10 0 10
 

TOTAL 20 20
 

CRITICAL FISHER'S VALUE (10,10,10) (p=0.05) IS 6. b VALUE IS 10.
 
Since b is greater than 6 there is no significant difference
 
between CONTROL and TREATMENT at the 0.05 level.
 

FISHER'S EXACT TEST
 

NUMBER OF
 

IDENTIFICATION ALIVE DEAD TOTAL ANIMALS
 

CONTROL 10 0 10
 

SW98-54 10 0 10
 

TOTAL 20 0 20
 
s=== = == :=== =: == = r= = =::==== =: == = sss: === = =5=s===== :==5=== ==::=== =:=: == =r=5= t==: = =: == =: = ss:= == =: == = =:=s== ==
 

CRITICAL FISHER'S VALUE (10,10,10) (p=0.05) IS 6. b VALUE IS 10.
 
Since b is greater than 6 there is no significant difference
 
between CONTROL and TREATMENT at the 0.05 level.
 

SUMMARY OF FISHER'S EXACT TESTS
 

GROUP IDENTIFICATION
NUMBER

 EXPOSED
 NUMBER
 DEAD

 ' SIG 
 (P=.05) 

1
2

CONTROL
 SW98-53
 SW98-54

 10
 10
 10

 0 
0 
0 



TITLE: GZA - Central Landfill - Test ID#98-2201 C. dubia Repro
 
FILE: A:\gza2cd.dat
 
TRANSFORM: NO TRANSFORMATION NUMBER OF GROUPS: 3
 

GRP
 

1

1
 
1

1
 
1
 
1
 
1

1

1
 
1
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 

3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 

IDENTII 'ICATION
 

Lab
 
Lab
 
Lab
 
Lab
 
Lab
 
Lab
 
Lab
 
Lab
 
Lab
 
Lab
 

'
 

1
 

Control
 
Control
 
Control
 
Control
 
Control
 
Control
 
Control
 
Control
 
Control
 
Control
 

SW98-53
 
SH98-53
 
SW98-53
 
SW98-53
 
SW98-53
 
SW98-53
 
SW98-53
 
SW98-53
 
SW98-53
 
SW98-53
 

SW98-54
 
SW98-54
 
SW98-54
 
SW98-54
 
SW98-54
 
SW98-54
 
SW98-54
 
SW98-54
 
SW98-54
 
SW98-54
 

REP VAL UE TRANS VALUE 

1 38 .0000 38 .0000 
2 40 .0000 40 .0000 
3 42 .0000 42 .0000 
4 45 .0000 45 .0000 
5 42 .0000 42 .0000 
6 45 .0000 45 .0000 
7 50 .0000 50 .0000 
8 42 .0000 42 .0000 
9 46 .0000 46 .0000 
10 48 .0000 48 .0000 

1 49 .0000 49 .0000 
2 42 .0000 42 .0000 
3 44 .0000 44 .0000 
4 38 .0000 38 .0000 
5 37 .0000 37 .0000 
6 41 .0000 41 .0000 
7 54 .0000 54 .0000 
8 25 .0000 25 .0000 
9 45 .0000 45 .0000 
10 43 .0000 43 .0000 

1 37 .0000 37 .0000 
2 40 .0000 40 .0000 
3 36 .0000 36 .0000 
4 42 .0000 42 .0000 
5 36 .0000 36 .0000 
6 46 .0000 46 .0000 
7 34 .0000 34 .0000 
8 45 .0000 45 .0000 
9 44 .0000 44 .0000 
10 29 .0000 29 .0000 



GZA - Central Landfill - Test ID#98-2201 C. dubia Repro
 
File: A:\gza2cd.dat Transform: NO TRANSFORMATION
 

SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 1 of 2
 

GRP IDENTIFICATION N MIN MAX MEAN
 

1 Lab Control 10 38.000 50.000 43.800
 
2 SW98-53 10 25.000 54.000 41.800
 
3 SW98-54 10 29.000 46.000 38.900
 

GZA - Central Landfill - Test ID#98-2201 C. dubia Repro
 
File: A:\gza2cd.dat Transform: NO' TRANSFORMATION
 

SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 2 of 2
 

GRP IDENTIFICATION VARIANCE SD SEM C.V. %
 

1 Lab Control 13.511 3.676 1.162 8.39 
2 SW98-53 59.733 - 7.729 2.444 18.49 
3 SW98-54 29.656 5.446 1.722 14.00 



GZA - Central Landfill - Test XD398-2201 C. dubia Repro
 
File: A:\gza2cd.dat Transform: NO TRANSFORMATION
 

Chi-square test for normality: actual and expected frequencies
 

INTERVAL <-1.5 -1.5 to <-0.5 -0.5 to 0.5 >0. 5 to 1.5 >1 .5
 
" •—T •
 

EXPECTED 2.010 7.260 11.460 7.260 2. 010
 
OBSERVED 3 5 13 7 2
 

Calculated Chi-Square goodness of fit test statistic = 1.4074
 
Table Chi-Square value (alpha = 0.01) = 13.277
 

Data PASS normality test. Continue analysis.
 

GZA - Central Landfill - Test ID#98-2201 C. dubia Repro
 
File: A:\gza2cd.dat Transform: NO TRANSFORMATION
 

Shapi'ro - Wilk's test for normality
 

D = 926.100
 

W = 0.966
 

Critical W (P = 0.05) (n = 30) = 0.927
 
Critical W (P = 0.01) (n = 30) = 0.900
 

Data PASS normality test at P=0.01 level. Continue analysis,
 

GZA - Central Landfill - Test ID#98-2201 C. dubia Repro
 
File: A:\gza2cd.dat Transform: NO TRANSFORMATION
 

Bartlett's test for homogeneity of variance
 
Calculated Bl statistic = 4.48
 

Table Chi-square value = 9.21 (alpha = 0.01, df = 2)
 
Table Chi-square value = 5.99 (alpha = 0.05, df = 2) .
 

Data PASS Bl homogeneity test at 0.01 level. Continue analysis,
 



GZA - Central Landfill - Test ID#98-2201 C. dubia Repro
 
File: A:\gza2cd.dat Transform: KO TRANSFORMATION
 

ANOVA TABLE
 

SOURCE DF SS MS F
 

Between 2 121.400 60.700 1.770
 

Within (Error) 27 926.100 34.300
 

Total 29 1047.500
 

Critical F value = 3.35 (0.05,2,27)
 
Since F < Critical F FAIL TO REJECT - Ho: All equal
 

GZA - Central Landfill - Test ID#98-2201 C. dubia Repro
 
File: A:\gza2cd.dat Transform: NO TRANSFORMATION
 

1 DUNNETT'S TEST TABLE 1 OF 2 Ho:Control<Treatment
 

- TRANSFORMED MEAN CALCULATED IN
 
GROUP IDENTIFICATION MEAN ORIGINAL UNITS T STAT SIG
 

1 Lab Control 43.800 43.800
 
2 SW98-53 41.800 41.800 0.764
 
3 SW98-54 38.900 38.900 1.871
 

Dunnett table value = 2.01 (1 Tailed Value, P=0.05, df=24,2)
 

GZA - Central Landfill - Test ID#98-2201 C. dubia Repro
 
File: A:\gza2cd.dat Transform: NO TRANSFORMATION
 

DUNNETT'S TEST TABLE 2 OF 2 Ho:Control<Treatment
 

NUM OF Minimum Sig Diff % of DIFFERENCE
 
GROUP IDENTIFICATION REPS (IN ORIG. UNITS) CONTROL FROM CONTROL
 

1 Lab Control 10
 
2 SW98-53 10 5.265 12.0 2 .000
 
3 SW98-54 . 10 5.265 12.0 4.900
 



APPENDIX B
 

CHRONIC TOXICITY DATA SHEETS
 
AND STATISTICAL ANALYSES FOR
 

AMPHIPOD, Hvalella azteca, TESTS
 
WITH WHOLE SEDIMENT SAMPLES
 



DOCUMENTATION FORM
 

Client ; Gi ~3/f " Test ID ft -^ vjr 

Date: Job # 

Investigator i COC # 

i
 

"
 



DOCUMENTATION FORM 

Client: (VZ/f " Test ID ft -. 

Date: Job # 

Investigator: COG # ' 

Lter^F&k^^ 

O

A 

gr/ <S O, 

a-f>7>"i&* 

'=<-L& 

frtt-J' JS'o fi C 

A 
j ^  j s/ 

-/oc 



DOCUMENTATION FORM
 

Client; Test ID ft; fJ /^ 

Date; Job ft / 

Investigator; *O COC * A//? 

It a•x;
 

.̂W\ 
(\ 

vxV .m 

\ 
( T CQ\ 

MSl 



DOCUMENTATION FORM 

Client:____(~> ~2_ 'Q________ Test ID ft; A//*? 

Date:_____b/j I ^^_________ Job ft____/. 

Investigator; /C^.S"_______ COG ^_____ 

O <J
 



DOCUMENTATION FORM 

Client i Test ID #: ____ /L/A 

Pate: Job ft 

Inve s t iaa tor ; COC . 

' 

1'**- /'$ 



DOCUMENTATION FORM
 

Client; Cr 2*^ _________ Test ID 

Date; ^ / ̂/ f ?________ ' Job ft 
/j*^\Investigator; A<- ^f/^^-^JjfA^ COG # 

^ 

<
 

4.
 

5̂3
 

^-f———f—f-——~-'————————i. rr̂ -——J.—.rr.-??.———ic——



DOCUMENTATION FORM 

Client; Test ID # : A//1 

Date: Job * /pjp 

Investigator; COC ft *? & 



DOCUMENTATION FORM 

Client: Qy~Z-A 

Investigator:. 

MJ/Ld

U-tteGf 
^M

* /f%̂
> 

(^.^D</ W.W 

12

(ol\\ 

^ 

Test ID #: 

Job #____ 

COC ft L) 

21.*$ • Ift 

/</. / ^x 



DOCUMENTATION FORM 

Client: A^/f &L/J&J
Date 



Start Date::̂ p ACUTE & REFERENCE TOXICANT (KCL) TEST FEEDING SCHEDULE 

FOOD TYPE DAY-3 DAY-4 DAY-6 DAY-7 DAY-10 

Start Date:,6/3 CHRONIC 10-DAY SEDIMENT TEST FEEDING SCHEDULE 

FOOD TYPE DAY-0 DAY-1 DAY-2 DAY-3 DAY-4 DAY-5 DAY-6 DAY-7 DAY-8 

Add 4.3 mL 
YAT/replicate 

Feed 1.0 ml cerophyll 
food (10g cerophyll/100 
ml Dl) on days 0 & 5, N/A N/A 

Check aeration daily (100 bubblesS/min) 

Check now rate (1 drop/3 sec.) 

Check for fungal & 
bacterial slime spots or 
layers. If present* 
notify management 



-

DOCUMENTATION FORM 

Client; (V? H____________ Test ID ft: ?g-2.?ag--> yff-?:> y
 

Date:______(o-M'3 ft_______ Job 8 ^ft-ft^j-f
 
\/0 

Investigator:____v-O_____ COG ft 9^'/^<06 —? *9A 

QE1D . 
U APA0 j r ^ n /x ) / , LO\JyY\ CJU ^k/)^ '. 

V 4 , q , H.^.^ C 

\4 
U 
u 



DOCUMENTATION FORM 

Client : V a - C . - (. <aryj^ Q 6ttrjlO i\ Test ID ft; 9 ff- 2.2.3 & -> 

Date: ________ C^-fY^E Job # 

Investigator: _____ |C^ ________ COG # 

•On .on^JK s.onl r>w(iA\(l '. 

ft-1 

fTQ _____________ (n ___________ (op 
V( __________ 

/no 



NEW ENGLAND BIOASSAY, INC.
 
AMMONIA CALIBRATION DATA SHEET
 

Calibration Date; Technician:
 

Slope Check
 

DI 
Water 

ISA
Buffer 

* Std 
Cone 

Std 
ml mV 

A 

B 

100 ml 

_ _  _ 

2 ml 

_ _  _ 
\^} 

\1\ 
Slope = mV A - mV B 

1 ml 

10 ml" 
\m.^ 
^M-3> 
Slope 

Acceptable Range: -54 to -60 mV ^\(D 

Calibration 

, t 
r 

Matrix ISA 
Buffer 

NH3 
Std 

NH3 
Vol 

Calc 
Cone. 

CAL. mL mL ppm mL ppm 

A 100 2 121 .0.10 0.12 

B _ _  _ - 121 1.00 1.32

C _ _  _ - 1210 1.00 13.2 

mV
 

hS'M.U
 
^
S|*r̂ M.
 

no.n
 
Salinity : 

Slope (mv/decade) -(./̂ <y-


Notes; y\U 0\
 

\ 1 vv *\<\ w\
 
0
 

(Ml
 



NEW ENGLAND BIOASSAY, INC.
 
AMMONIA DATA RECORD SHEET
 

Client; Va-7 Test.ID: 

Date:_____ 

Analytical Results Technician: 

Sample Direct Dilution Final coc# ID mV Reading Correction ppm 

CnrvW^ 1 1^.^ n./TO *l n. -m 
sx^ pn.io O . S H «.! 0. /)M
5-1 nro.q rv3_3. M O.SLI 

* ra \?I .O .0- aa_ M o.aa 
S-3, l ^ r \ . \ o.aa *l ^.5l3L 

^M 1^-9. 0-1) V^l n .A] 
1 

'- • 
• 

Notes : i \)?ilu -V- \ K V \ \ 

. QQA 0 fN M AJU> <j<l CO i% 



NEW ENGLAND BIOASSAY CHRONIC DATA SHEET
 
Hvalella azteca Initial Length/Weight Data
 

Project
 
Client: GZA / Central Landfill Test Species; Hvalella azteca
 
Tech: Tare Wt; Date:_̂ /£2-̂ >Total wt '-&&&Q Date; {,(£( 9%'
 

Initial Weight REPLICATE 
LOT #=/4W/i&A) 

A B • c 
Total Weight (g) /, o%$3 LlooXo Aotfm 

- Tare Weight (g) 1. c/?ff3 /J0003 1.08237 
= Total Larvae Wt (g) O-ooofct 0.00077 O.OCof~(a 

Conv. (g to mg) O. ?tf O.17 0.<f(o 

No . Surviving f O /O /O 
Mean Weight (mg) o. oio o.oll o.o<(> 

Oven Temp (°C) /&O Date/Time In:
 

Oven Temp (°C) 'Date/Time Out:
 

Initia'l Length II REPLICATE 
LOT ft: 

A B cI ]QDDDQ[ 11 1 111 
1 l.f -Z.c) 2_ c> 
2 /.*" 2,-t> -z.o 
3 3.^ i j e> z.5" 
4 e. ci /. 5" / . ^ 
5 1 /, ̂  Z-- O /, <5) 
6 |"Z - $"" Z^ /-^ 
7 \-i.f J^$~ /^ 
8 \l.o -Z-c) 7.6 
9 13-6 Z-S' 7.-d 

10 I! /. O ;.6 I'd 
Mean Length (mm) / <7<"^ /. #5" l.fOII » *• /i -J 

Length Measurement: Date:
 

Reviewed by: Cti2<C<t^< Date:
 

D 

l-OWli 
l.oWJ 
O,voov(

o.zi 
/o . 

0.0fl 

D 

A 5^ 

/- S^ 
Z.O 

/.s" 
Z.& 

z.s' 
?,&
 
3-0
l.b
 
2 -c) 
1.10 



NEW ENGLAND BIOASSAY TOXICITY DATA FORM
 
CHRONIC SEDIMENT TOXICITY COVER SHEET
 

CLIENT: CZA - Central Landfill £• •rteca TEST NO: 7Jf'aQ^S " 
ADDRESS: PROJECT NO: 198-01S 

SAMPLE TYPE: WHOLE SEDIMENT 

CONTACT! Mr. Tim Brims 

TEST ID SAMPLE ID COLLECTION TIME TEST DURATION
 

CLIENT ID 1 NEB ID 1 DATE TIME START DATE/TIME END DATE/TIM^
 

Not LAB CONTROL Prepared
 
$/ '^>3^ Applicable NA &/3 /?r /63c? Ltlnlw turn 
^>_»3f SED98-SO 96-1806 S/27/98 NA /f/J/?f IMO tflrirt (242) 
7^->Z.Yo S £096-51 98-1807 S/27/98 NA 113lit M& (//rMff M-flD 

SED98-S2 98-1808 S/27/98 NA V-Z-z-1// 6(3 tff /7£>0 
SED98-S3 98-1811 S/28/9B NA i / 1 *^i 4^- f ^T *^^^ ^r-?,7V2 6/3 in /7/0 V_J / I I » «* I ^3 ^y\J 

SED98-S4 98-1812 S/28/98 NA %"7.xV3 &(*llf J72.0 \p'l\-}\W \ie*\<£ 

TEST CONDITIONS 
INV1 ERTEBRATES: 

PRE SET BY: (TECH INIT.li /X^J/ f£ SEDIMENT HT: 200 t .3 a 

TES1 T LOADED BY (TECH. INIT.Il/JpfWO TEST SOLUTION VOLUME: 500 

TES T SPECIES: Hvalella1 aiteca NO. ORGANISMS PER TEST CHAMBER: 10 

SOU RCE\NEB LOT 1 : ff/T" " A B 1%"(,£! ty NO. ORGANISMS PER CONCENTRATION: 80 
f ro it . 

AGE : T LU H DAYS /&! /?/Ixt<?} NO. ORGANISMS PER CONTROL: 80 

1 

DILOTIOH WATER SOURCE: 

TYPE: Reconstituted Freshwater HARDNESS: 7 «J/L as Ca 

BATCH,: A-7 ti ~ <?3 <f * : ALKALINITY: ^ ' md/L as Ca 

Results of Hyalella aiteca Chronic Test 

TEST ID NUMBERS % SURVIVAL IN 100V SEDIMENT 
O<-^ -7 -7 J<*. 
16^ <-+$¥ LAB CONTROL 

(SE098-50) fb.3 
(SE098-51) 

COMMENTS: 
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Test No: 
Proi No: 198-015 

COC No: &/& 
Client : GZA Test Species: Hvalella azteca 
Sample : Central Landfill Diluent : MHRCF An imals/Rep : 10 Cone : 80 
Start Date/Tit™?: 6?/3/?5' /6J£> Spuree : Af(Ja-J~l^ Jr'/o^s/O** Ad 
Tech: Day 1 

TEST 
CONC DAY 

0 

1 

2 

3 

4 

5 

1" 7

6 

8 

9so 
10 

N) 
11 

12 

13 

14 

2 GrM 3£rf- 4/^T 5J ̂  6 f_\ 7_^2_ 8*ffi 9 <^i 10_j*^ 11/̂ y 12ĵ j. 13 )fS 14 |CS 

REPLICATE LETTER D.O. 
1 

A B c D E F G H 
(mg/L) 

/o (0 /o /O /o /o /o /O ?-"£ 

^.Z. 

^-^ 

• _^-Z 

y.v 
7. .5" 
5s- S 
*7^ 
?.2, 
^,6 
^^ 
7.7 
^.QL 
^.3 

*> L/ y t 3 V <"? / H.^ 

Temperature pH Cond 
(SU) (^mhos! 

2.^-7 7 ? J/^ 
~~f Q^r.y 3^9 
GS *\-z-^y 3^ 

-Z^-7 J^ o •7.2 
2^7 3£f 77
 

JACL •7.* 3(^f
 
^C.O 1.") S5-3
«aa^ <7 /? sir 
a-^-7 ' 7-^T 3?0 

7 f
* \o77.9 35? 

Z7.I "7? ?rr 
£} .0 7-? 3^^ 
;l5.f 9,<£ *?>to\ 
AS.-5 ^^ ^7 

A ^ i 
^"" "ij ^ \ 1.9 ^» 

Data Reviewed By: \J^L^ L ^riryjM Date Reviewed: £/</? /9S1 
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TITLE: GZA Central Landfill H. azteca Survival
 
FILE: GZAHaSur.dat
 
TRANSFORM: NO TRANSFORM NUMBER OF GROUPS: 6
 

GRP IDENTIFICATION REP VALUE TRANS VALUE 

1
1
1
1
1
1
1
1

 Lab. Control 
 Lab. Control 
 Lab. Control 
 Lab . Control 
 Lab . Control 
 Lab. Control 
 Lab. Control 
 Lab . Control 

1 
2 
3 
4 
5 
6 
7 
8 

0 
0 
0 
0 
0 
0 
0 
0 

.3000 

.4000 

.5000 

.1000 

.3000 

.4000 

.7000 

.1000 

0 
0 
0 
0 
0 
0 
0 
0 

.3000 

.4000 

.5000 

.1000 

.3000 

.-4000 

.7000 

.1000 

2 
2 
2 
2 
2 
2 
2 
2 

Sed 
Sed 
Sed 
Sed 
Sed 
Sed 
Sed 
Sed 

98-50 
98-50 
98-50 
98-50 
98-50 
98-50 
98-50 
98-50 

1 
2 
3 
4 
5 
6 
7 
8 

0 
1 
0 
0
1
1 
0 
0 

.8000 

.0000 

.6000 

.8000 

.0000 

.0000 

.9000 

.8000 

0
1 
0 
0 
1
1 
0 
0 

. 8000 

.0000 

.6000 

.8000 

.0000 

.0000 

.9000 

.8000 

3 
3 
3 
3 
3 
3 
3 
3 

Sed 
Sed 
Sed 
Sed 
Sed 
Sed 
,Sed 
Sed 

98-51 
98-51 
98-51 
98-51 
98-51 
98-51 
98-51 
98-51 

1 
2 
3 
4 
5 
6 
7 
8 

1 
0 
0 
0
1
1 
0 
1 

.0000 

.9000 

.7000 

.7000 

.0000 

.0000 

. 9000 

.0000 

1 
0 
0 
0 
1 
1 
0 
1 

.0000 

.9000 

.7000 

.7000 

.0000 

.0000 

.9000 

.0000 

4 
4 
4 
4 
4 
4 
4 
4 

Sed 
Sed 
Sed 
Sed 
Sed 
Sed 
Sed 
Sed 

98-52 
98-52 
98-52 
98-52 
98-52 
98-52 
98-52 
98-52 

1 
2 
3 
4 
5 
6 
7 
8 

0 
1 
0 
0 
0 
0 
0 
1 

.9000 

.0000 

.9000 

.9000 

.8000 

.9000 

.9000 

.0000 

•
0 
1 
o 
0 
0 
0 
0 
1 

.9000 

.0000 

.9000 

.9000 

. 8000 

.9000 

.9000 

.0000 

5 
5 
5 
5 
5 
5 
5 
5 

Sed 
Sed 
Sed 
Sed 
Sed 
Sed 
Sed 
Sed 

98-53 
98-53 
98-53 
98-53 
98-53 
98-53 
98-53 
98-53 

1 
2 
3 
4 
5 
6 
7 
8 

1 
0 
1 
0 
0
1 
0 
1 

.0000 

.9000 

.0000 

.8000 

.9000 

.0000 

.9000 

.0000 

1 
0
1 
0 
0
1 
0
1 

.0000 

.9000 

.0000 

.8000 

.9000 

.0000 

.9000 

.0000 

6 
6 
6 
6 
6 
6 
6 
6 

Sed 
Sed 
Sed 
Sed 
Sed 
Sed 
Sed 
Sed 

98-54 
98-54 
98-54 
98-54 
98-54 
98-54 
98-54 
98-54 

1 
2 
3 
4 
5 
6 
7 
8 

0 
0 
0 
0 
0
1 
1 
1 

.8000 

.8000 

.9000 

.6000 

.4000 

.0000 

. 0000 

.0000 

0 
0 
0 
0 
0 
1 
1 
1 

.8000 

.8000 

.9000 

.6000 

.4000 

.0000 

.0000 

. 0000 



GZA Central Landfill
File: GZAHaSur.dat

 H. azteca Survival 
 Transform: NO TRANSFORM 

SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 1 of 2 

GRP IDENTIFICATION N MIN MAX MEAN 

1 Lab. Control 8 0.100 0.700 0.350 
2 Sed 98-50 8 0.600 1.000 0.863 
3 Sed 98-51 8 0.700 1.000 0.900 
4 Sed 98-52 8 0.800 1.000 0.913 
5 Sed 98-53 8 0.800 1.000 0.938 
6 Sed 98-54 8 0.400 1.000 0.813 

GZA Central Landfill •izteca Survival
 
File: GZAHaSur.dat Transform: NO TRANSFORM
 

SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 2 of 2
 

GRP IDENTIFICATION VARIANCE SD SEM C.V. %
 

1 Lab. Control 0.040 0.200 0.071 57.14 
2 Sed 98-50 0.020 0.141 0.050 16.32 
3 
4 

Sed 98-51 
Sed. 98-52 

0.017 
0.004 

0.131 
0.064 

0,046 
0.023 

14.55 
7.02 

5 Sed 98-53 0.006 0.074 0.026 7.94 
6 tSed 98-54 0.047 0.217 0.077 26.67 



TITLE: GZA Central Landfill H. azteca Survival
 
FILE: GZAHaSur.da2
 
TRANSFORM: NO TRANSFORM NUMBER OF GROUPS: 5
 

GRP


1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 

2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 

3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 

4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 

5
 
5
 
5
 
5
 
5
 
5
 
5
 
5
 

 IDI 2NTIFICATION
 

Sed 98-50
 
Sed 98-50
 
Sed 98-50
 
Sed 98-50
 
Sed 98-50
 
Sed 98-50
 
Sed 98-50
 
Sed 98-50
 

Sed 98-51
 
Sed 98-51
 
Sed 98-51
 
Sed 98-51
 
Sed 98-51
 
Sed 98-51
 
Sed 98-51
 
Sed 98-51
 

Sed 98-52
 
Sed 98-52
 
Sed 98-52
 
Sed 98-52
 
Sed 98-52
 
Sed 98-52
 

, Sed 98-52
 
Sed 98-52
 

Sed 98-53
 
Sed 98-53
 
Sed 98-53
 
Sed 98-53
 
Sed 98-53
 
Sed 98-53
 
Sed 98-53
 
Sed 98-53
 

Sed 98-54
 
Sed 98-54
 
Sed 98-54
 
Sed 98-54
 
Sed 98-54
 
Sed 98-54
 
Sed 98-54
 
Sed 98-54
 

REP
 

. 1
 
2
 
3
 
4
 
5
 
6
 
7
 
8
 

1
 
2
 
3
 
4
 
5
 
6
 
7
 
8
 

1
 
2
 
3
 
4
 
5
 
6
 
7
 
8
 

1
 
2
 
3
 
4
 
5
 
6
 
7
 
8
 

1
 
2
 
3
 
4
 
5 ' .
 
6
 
7
 
8
 

VALUE
 

0.8000
 
1.0000
 
0.6000
 
0.8000
 
1.0000
 
1.0000
 
0.9000
 
0.8000
 

1.0000
 
0.9000
 
0.7000
 
0.7000
 
1.0000
 
1.0000
 
0.9000
 
1.0000
 

0.9000
 
1.0000
 
0.9000
 
0.9000
 
0.8000
 
0.9000
 
0.9000
 
1.0000
 

1.0000
 
0.9000
 
1.0000
 
0.8000
 
0. 9000
 
1.0000
 
0.9000
 
1.0000
 

0.8000
 
0.8000
 
0.9000
 
0.6000
 
0.4000
 
1.0000
 
1.0000
 
1.0000
 

TRANS	 VALUE
 

0.8000
 
1.0000
 
0.6000
 
0.8000
 
1.0000
 
1;0000
 
0.9000
 
0.8000
 

1.0000
 
0.9000
 
0.7000
 
0.7000
 
1.0000
 
1.0000
 
0.9000
 
1.0000
 

0.9000
 
1.0000
 
0.9000
 
0.9000
 
0.8000
 
0.9000
 
0.9000
 
1.0000
 

1.0000
 
0.9000
 

•	 1.0000
 
0.8000
 
0.9000
 
1. 0000
 
0.9000
 
1.0000
 

0. 8000
 
0.8000
 
0. 9000
 
0.6000
 
0.4000
 
1.0000
 
1.0000
 
1.0000
 



GZA Central Landfill
File: GZAHaSur.da2

 H. azteca Survival 
 Transform: NO TRANSFORM 

SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 1 of 2 

GRP IDENTIFICATION N MIN MAX MEAN 

1 Sed 98-50 8 0.600 1.000 0.863 
2 Sed 98-51 8 0.700 1.000 0.900 
3 Sed 98-52 8 0.800 1.000 0.913 
4 Sed 98-53 8 0.800 1.000 0.938 
5 Sed 98-54 8 0.400 1.000 0.813 

GZA Central Landfill H. azteca Survival
 
File: GZAHaSur.da2 Transform: NO TRANSFORM
 

SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 2 of 2
 

GRP IDENTIFICATION VARIANCE SD SEM C.V. %
 

1 Sed 98-50 0.020 0.141 0.050 16.32 
2 Sed 98-51 0.017 0.131 0.046 14.55 
3 Sed 98-52 0.004 0.064 0.023 7.02 
4 Sed 98-53 0.006 0.074 0.026 7. 94 
5 Sed 98-54 0.047 0.217 0.077 26.67 



TITLE: GZA Central Landfill H. azteca Survival
 
FILE: GZAHaSur.da2
 
TRANSFORM: ARC SINE(SQUARE ROOT(Y)) NUMBER OF GROUPS: 5
 

GRP


1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 

2
 
2
 
2
 
2
 
2
 
2
 
2
 
2
 

3
 
3
 
3
 
3
 
3
 
3
 
3
 
3
 

4
 
4
 
4
 
4
 
4
 
4
 
4
 
4
 

5
 
5
 
5
 
5
 
5
 
5
 
5
 
5
 

 IDE INTIFICATION
 

Sed' 98-50
 
Sed 98-50
 
Sed 98-50
 
Sed 98-50
 
Sed 98-50
 
Sed 98-50
 
Sed 98-50
 
Sed 98-50
 

Sed 98-51
 
Sed 98-51
 
Sed 98-51
 
Sed 98-51
 
Sed 98-51
 
Sed 98-51
 
Sed 98-51
 
Sed 98-51
 

Sed 98-52
 
Sed 98-52
 
Sed 98-52
 
Sed 98-52
 
Sed, 98-52
 
Sed 98-52
 
,Sed 98-52
 
Sed 98-52
 

Sed 98-53
 
Sed 98-53
 
Sed 98-53
 
Sed 98-53
 
Sed 98-53
 
Sed 98-53
 
Sed 98-53
 
Sed 98-53
 

Sed 98-54
 
Sed 98-54
 
Sed 98-54
 
Sed 98-54
 
Sed 98-54
 
Sed 98-54
 
Sed 98-54
 
Sed 98-54
 

REP
 

1
 
2
 
3
 
4
 
5
 
6
 
7
 
8
 

1
 
2
 
3
 
4
 
5
 
6
 
7
 
8
 

1
 
2
 
3
 
4
 
5
 
6
 
7
 
8
 

1
 
2
 
3
 
4
 
5
 
6
 
7
 
8
 

1
 
2
 
3
 
4
 
5
 
6
 
7
 
8
 

VALUE
 

0.8000
 
1.0000
 
0.6000
 
0.8000
 
1.0000
 
1.0000
 
0.9000
 
0.8000
 

1.0000
 
0.9000
 
0.7000
 
0.7000
 
1.0000
 
1.0000
 
0.9000
 
1.0000
 

.f
 

0.9000
 
1.0000
 
0. 9000
 
0.9000
 
0.8000
 
0.9000
 
0.9000
 
1.0000
 

1.0000
 
0.9000
 
1.0000
 
0.8000
 
0.9000
 
1.0000
 
0.9000
 
1.0000
 

0.8000
 
0.8000
 
0.9000
 
0. 6000
 
0.4000
 
1.0000
 
1.0000
 
1.0000
 

TRANS VALUE
 

1.1071
 
1.4120
 
0.8861
 
1.1071
 
1.4120
 
1,4120
 
1.2490
 
1.1071
 

1.4120
 
1.2490
 
0.9912
 
0.9912
 
1.4120
 
1.4120
 
1.2490
 
1.4120
 

1.2490
 
1.4120
 
1.2490
 
1.2490
 
1.1071
 
1.2490
 
1.2490
 
1.4120
 

1.4120
 
1.2490
 
1.4120
 
1.1071
 
1.2490
 
1.4120
 
1.2490
 
1.4120
 

1.1071
 
1.1071
 
1.2490
 
0.8861
 
0.6847
 
1.4120
 
1.4120
 
1.4120
 



GZA Central Landfill H. azteca Survival
 
File: GZAHaSur.da2 Transform: ARC SINE(SQUARE ROOT(Y))
 

SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 1 of 2
 

GRP IDENTIFICATION N MIN MAX MEAN 

1 Sed 98-50 8 0.886 1.412 1.212 
2 Sed 98-51 8 0.991 1.412 1.266 
3 Sed 98-52 8 1.107 1.412 1.272 
4 Sed 98-53 8 1.107 1.412 1.313 
5 Sed 98-54 8 0.685 1.412 1.159 

GZA Central Landfill H. azteca Survival
 
File: GZAHaSur.da2 Transform: ARC SINE(SQUARE ROOT(Y))
 

SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 2 of 2
 

GRP IDENTIFICATION VARIANCE SD SEM C.V.
 

1 Sed 98-50 0.037 0.193 0.068 15.93
 
2 Sed 98-51 0.034 0.184 0.065 14.53
 
3 Sed 98-52 0.010 0.099 0.035 7.81
 
4 Sed 98-53 0.013 0.116 0.041 8.82
 
5 Sed 98-54 0.072 0.269 0.095 23.18
 



GZA Central Landfill H. azteca Survival
 
File: GZAHaSur.da2 Transform: ARC SINE(SQUARE ROOT(Y))
 

Chi-square test for normality: actual and expected frequencies
 

INTERVAL -<-1.5 -1.5 to <-0.5 -0.5 to 0.5 >0.5 to 1.5 >1 .5 

EXPECTED
OBSERVED

 2.680 
4 

9.680
9

 15.280 
 11 

9.680
16

 2. 
0 
680 

Calculated Chi-Square goodness of fit test statistic =
Table Chi-Square value (alpha = 0.01) = 13.277 

Data PASS normality test. Continue analysis. 

 8.7030 

GZA Central Landfill H. azteca Survival 
File: GZAHaSur.da2 Transform: ARC SINE(SQUARE ROOT(Y)) 

Shapi'ro  Wilk's test for normality 

D = 1.165 

W = 0.944 

Critical W (P = 0.05)
Critical W (P = 0.01)

 (n = 40)
 (n = 40)

 = 0.940 
= 0.919 

Data PASS normality test at P=0.01 level. Continue analysis. 

GZA Central Landfill
File: GZAHaSur.da2

 H. azteca Survival 
 Transform: ARC SINE(SQUARE ROOT(Y)) 

Bartlett's test for homogeneity of variance 
Calculated Bl statistic = 8.11 

Table Chi-square value = 13.28 (alpha =0.01, df = 4) 
Table Chi-square value = 9.49 (alpha =0.05, df = 4) 

Data PASS Bl homogeneity test at 0.01 level. Continue analysis. 



GZA Central Landfill H. azteca Survival
 
File: GZAHaSur.da2 Transform: ARC SINE(SQUARE ROOT(Y))
 

ANOVA TABLE
 

SOURCE DF SS MS F
 

Between 4 0.115 0.029 0.860
 

Within (Error) 35 1.165 0.033
 

Total 39 1.280
 

Critical F value = 2.69 (0.05,4,30)
 
Since F < Critical F FAIL TO REJECT • Ho: All equal
 

GZA Central Landfill H. azteca Survival
 
File: GZAHaSur.da2 Transform: ARC SINE(SQUARE ROOT(Y))
 

TUKEY method of multiple comparisons
 

GROUP
 
TRANSFORMED ORIGINAL 0 0 0 0 0
 

GROUP IDENTIFICATION MEAN MEAN 5 1 2 3  4
 

5 Sed 98-54 1.159 0.813 \
 
1 Sed 98-50 1.212 0.863 . \
 
2 , Sed 98-51 1.266 0.900 . . \
 
3 Sed 98-52 1.272 • 0.913 . . . \
 
4 Sed 98-53 1.313 0.938 . . . . \
 

* = significant difference " (p=0.05) . = no significant difference
 
Tukey value (5,35) = 4.10 s = 0.033
 



TITLE: GZA Central Landfill
 
FILE: GZAHaGro.dat
 
TRANSFORM: NO TRANSFORM
 

GRP IDENTIFICATION REP
 

1 Lab. Control 1
 
1 Lab. Control 2
 
1 Lab. Control 3
 
1 Lab. Control 4
 
1 Lab. Control 5
 
1 Lab . Control 6
 
1 Lab. Control 7
 
1 Lab. Control 8
 

2 Sed 98-50 1
 
2 Sed 98-50 2
 
2 Sed 98-50 3
 
2 Sed 98-50 4
 
2 Sed 98-50 5
 
2 Sed 98-50 6
 
2 Sed 98-50 7
 
2 Sed 98-50 8
 

3 Sed 98-51 1
 
3 Sed 98-51 2
 
3 Sed 98-51 3
 
3 Sed 98-51 4
 
3 Sed 98-51 5
 
3 Sed 98-51 6
 
3 ,Sed 98-51 7
 
3 Sed 98-51 8
 

4 Sed 98-52 1
 
4 Sed 98-52 2
 
4 Sed 98-52 3
 
4 Sed 98-52 4
 
4 Sed 98-52 5
 
4 Sed 98-52 6
 
4 Sed 98-52 7
 
4 Sed 98-52 8
 

5 Sed 98-53 1
 
5 Sed 98-53 2
 
5 Sed 98-53 3
 
5 Sed 98-53 4
 
5 Sed 98-53 5
 
5 Sed 98-53 6
 
5 Sed 98-53 7
 
5 Sed 98-53 8
 

6 Sed 98-54 1
 
6 Sed 98-54 2
 
6 Sed 98-54 3
 
6 Sed 98-54 4
 
6 Sed 98-54 5
 
6 Sed 98-54 6
 
6 Sed 98-54 7
 
6 Sed 98-54 8
 

Growth
 

NUMBER OF GROUPS: 6
 

VALUE TRANS VALUE 

0.1000 0.1000 
0.1700 0.1700 
0.1560 0.1560 
0.1000 0.1000 
0.1230 0.1230 
0.1900 0.1900 
0.1390 0.1390 
0.0100 0.0100 

0.2240 0.2240 
0.2130 0.2130 
0.2380 0.2380 
0.2210 0.2210 
0.2920 0.2920 
0.2450 0.2450 
0.3020 0.3020 
0.2800 0.2800 

0.2600 0.2600 
0.2530 0.2530 
0.3070 0.3070 
0.3260 0.3260 
0.2260 0.2260 
0.2330 0.2330 
0.2460 0.2460 
0.2390 0.2390 

0.2500 0.2500 
0.3130 0.3130 
0.2480 • 0.2480 
0.3240 0.3240 
0.2950 0.2950 
0.2630 0.2630 
0.2820 0.2820 
0.3270 0.3270 

0.2130 0.2130 
0.3690 0.3690 
0.2410 0.2410 
0.3010 0.3010 
0.3980 0.3980 
0.3290 0.3290 
0.2990 0.2990 
0.2730 0.2730 

0.3140 0.31'40 
0.1550 0.1550 
0.2120 0.2120 
0.2150 0.2150 
0.2580 0.2580 
0.2520 0.2520 
0.3200 0.3200 
0.2940 0.2940 



GZA Central Landfill
File: GZAHaGro.dat

 H. azteca Growth 
 Transform: NO TRANSFORM 

SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 1 of 2 

GRP IDENTIFICATION N MIN MAX MEAN 

1 Lab. Control 8 0.010 0.190 0.124 
2 Sed 98-50 8 0.213 0.302 0.252 
3 Sed 98-51 8 0.226 0.326 0.261 
4 Sed 98-52 8 0.248 0.327 0.288 
5 Sed 98-53 8 0.213 0.398 0.303 
6 Sed 98-54 8 0.155 0.320 0.253 

GZA Central Landfill H. azteca Growth
 
File: GZAHaGro.dat Transform: NO TRANSFORM
 

SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 2 of 2
 

GRP IDENTIFICATION VARIANCE SD SEM C.V.
 

1 Lab. Control 0.003 0.056 0.020 45.26 
2 Sed 98-50 0.001 0.035 0.012 13 .75 
3 Sed 98-51 0.001 0.036 0.013 13 .82 
4 Sed 98-52 0.001 0.032 0.011 11 .14 
5 Sed 98-53 0.004 0.062 0.022 20.48 
6 • Sed 98-54 0.003 0.057 0.020 22.53 



TITLE: GZA Central Landfill H. azteca Growth
 
FILE: GZAHaGro.da2
 
TRANSFORM: NO TRANSFORM NUMBER OF GROUPS: 5
 

GRP IDENTIFICATION REP VALUE TRANS VALUE
 

1 Sed 98-50 1 0.2240 0. 2240
 
1 Sed 98-50 2 0.2130 0. 2130
 
1 Sed 98-50 3 0.2380 0. 2380
 
1 Sed 98-50 4 0.2210 0. 2210
 
1 Sed 98-50 5 0.2920 0. 2920
 
1 Sed 98-50 6 0.2450 0. 2450
 
1 Sed 98-50 7 0.3020 0. 3020
 
1 Sed 98-50 8 0.2800 0. 2800
 

2 Sed 98-51 1 0.2600 0. 2600
 
2 Sed 98-51 2 0.2530 0. 2530
 
2 Sed 98-51 3 0.3070 0. 3070
 
2 Sed 98-51 4 0.3260 0. 3260
 
2 Sed 98-51 5 0.2260 0. 2260
 
2 Sed 98-51 6 0.2330 0. 2330
 
2 Sed 98-51 7 0.2460 0. 2460
 
2 Sed 98-51
 8
 0.2390 0. 2390
 

3 Sed 98-52 1 0.2500 0. 2500
 
3 Sed 98-52 2 0.3130 0. 3130
 
3 Sed 98-52 3 0.2480 0. 2480
 
3 Sed 98-52 4 0.3240 0. 3240
 
3 Sed 98-52 5 0.2950 0. 2950
 
3 Sed 98-52 6 0.2630 0. 2630
 
3 • Sed 98-52 7 0.2820 0. 2820
 
3 Sed 98-52 8 0.3270 0. 3270
 

4 Sed 98-53 1 0.2130 0. 2130
 
4 Sed 98-53 2 0.3690 0. 3690
 
4 Sed 98-53 3 0.2410 0. 2410
 
4 Sed 98-53 4 0.3010 0. 3010
 
4 Sed 98-53 5 0.3980 0. 3980
 
4 Sed 98-53 6 0.3290 0 .3290
 
4 Sed 98-53 7 0.2990 0. 2990
 
4 Sed 98-53 8 0.2730 0. 2730
 

5 Sed 98-54 1 0.3140 0. 3140
 
5 Sed 98-54 2 0.1550 0. 1550
 
5 Sed 98-54 3 0.2120 0. 2120
 
5 Sed 98-54 4 0.2150 0. 2150
 
5 Sed 98-54 5 0.2580 0. 2580
 
5 Sed 98-54 6 0.2520 0. 2520
 

Sed 98-54 7 0.3200 0. 3200
 
Sed 98-54 8 . 0.2940 0. 2940
 

5
5 



GZA Central Landfill
File: GZAHaGro.dat

 H. azteca Growth 
 Transform: NO TRANSFORM 

SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 1 of 2 

GRP IDENTIFICATION N MIN MAX MEAN 

1 Lab. Control 8 0.010 0.190 0.124 
2 Sed 98-50 8 0.213 0.302 0.252 
3 Sed 98-51 8 0.226 0.326 0.261 
4 Sed 98-52 8 0.248 0.327 0.288 
5 Sed 98-53 8 0.213 0.398 0.303 
6 Sed 98-54 8 0.155 0.320 0.253 

GZA Central Landfill H. azteca Growth
 
File: GZAHaGro.dat Transform: NO TRANSFORM
 

SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 2 of 2
 

GRP IDENTIFICATION VARIANCE SD SEM c.v. %
 
1 Lab . Control 0.003 0.056 0 .020 45 .26 
2 Sed 98-50 0.001 0.035 0.012 13.75 
3 Sed 98-51 0.001 0.036 0.013 13.82 
4 Sed 98-52 0.001 0.032 0.011 11.14 
5 Sed 98-53 0.004 0 .062 0.022 20 .48 
6 • Sed 98-54 0.003 0.057 0 .020 22.53 



1 
1 
1 

TITLE: GZA Central Landfill H- azteca Growth 
FILE: GZAHaGro.da2 
TRANSFORM: NO TRANSFORM NUMBER OF GROUPS: 5 

GRP ID ENTIFICATION REP VALUE TRANS VALUE 

1
 Sed 98-50 1 0.2240
 0.2240
 
Sed 98-50 2 0.2130
 0.2130
 
Sed 98-50 3 0.2380
 0.2380
 
Sed 98-50 4 0.2210
 0.2210
 

1
 Sed 98-50 5 0.2920 0.2920
 
1
 
1
 
1
 

2
 
2
 
2
 
2
 
2
 

Sed 98-50
 
Sed 98-50
 
Sed 98-50
 

Sed 98-51
 
Sed 98-51
 
Sed 98-51
 
Sed 98-51
 
Sed 98-51
 

6
 
7
 
8
 

1
 
2
 
3
 
4
 
5
 

0.2450
 
0.3020
 
0.2800
 

0.2600
 
0.2530
 
0.3070
 
0.3260
 
0.2260
 

0.2450
 
0.3020
 
0.2800
 

0.2600
 
0.2530
 
0.3070
 
0.3260
 
0.2260
 

2 Sed 98-51
 6
 0.2330 0.2330
 
2 Sed 98-51
 
2 Sed 98-51
 

3 Sed 98-52
 
3 Sed 98-52
 
3 Sed 98-52
 
3 Sed 98-52
 
3 Sed 98-52
 
3 Sed 98-52
 
3 • Sed 98-52
 
3 Sed 98-52
 

4 Sed 98-53
 
4 Sed 98-53
 
4 Sed 98-53
 
4 Sed 98-53
 
4 Sed 98-53
 
4 Sed 98-53
 
4 Sed 98-53
 
4 Sed 98-53
 

5 Sed 98-54
 
5 Sed 98-54
 
5 Sed 98-54
 
5 Sed 98-54
 
5 Sed 98-54
 

7
 
8
 

1
 
2
 
3
 
4
 
5
 
6
 
7
 
8
 

1
 
2
 
3
 
4
 
5
 
6
 
7
 
8
 

1
 
2
 
3
 
4
 
5
 

0.2460
 
0.2390
 

• f
 

0.2500
 
0.3130
 
0.2480
 
0.3240
 
0.2950
 
0.2630
 
0.2820
 
0.3270
 

0.2130
 
0.3690
 
0.2410
 
0.3010
 
0.3980
 
0.3290
 
0.2990
 
0.2730
 

0.3140
 
0.1550
 
0.2120
 
0.2150
 
0.2580
 

0.2460
 
0.2390
 

0.2500
 
0.3130
 
0.2480
 
0.3240
 
0.2950
 
0.2630
 
0.2820
 
0.3270
 

0.2130
 
0.3690
 
0.2410
 
0.3010
 
0.3980
 
0.3290
 
0.2990
 
0.2730
 

0.3140
 
0.1550
 
0.2120
 
0.2150
 
0.2580
 

5
5
5
 

Sed 98-54 6 0.2520 0.2520 
Sed 98-54 7 0.3200 0.3200 
Sed 98-54 8 . 0.2940 0.2940 



GZA Central Landfill
File: GZAHaGro.da2

 H. azteca Growth 
 Transform: NO TRANSFORM 

SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 1 of 2 

GRP IDENTIFICATION N MIN MAX MEAN 

1 Sad 98-50 8 0.213 0.302 0.252 
2 Sed 98-51 8 0.226 0.326 0.261 
3 Sed 98-52 8 0.248 0.327 0.288 
4 Sed 98-53 8 0.213 0.398 0.303 
5 Sed 98-54 8 0.155 0.320 0.253 

GZA Central Landfill H. azteca Growth
 
File: GZAHaGro.da2 Transform: NO TRANSFORM
 

SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 2 of 2
 

GRP IDENTIFICATION VARIANCE SD SEM C.V. %
 

1 Sed 98-50 0.001 0.035 0.012 13 .75 
2 Sed 98-51 0.001 0.036 0.013 13 .82 
3 Sed 98-52 0.001 0.032 0.011 11 .14 
4 Sed 98-53 0.004 0.062 0.022 20.48 
5 Sed 98-54 0.003 0.057 0.020 22.53 



GZA Central Landfill H. azteca Growth 
File: GZAHaGro.da2 Transform: NO TRANSFORMATION 

Chi-square test for normality: actual and expected frequencies 

INTERVAL <-1.5 -1.5 to <-0.5 -0.5 to 0.5 >0.5 to 1.5 >1.5 

EXPECTED
OBSERVED

 2.680
 1

 9.680
 13

 15.280
 13

 9.680
 11

 2.680 
2 

Calculated Chi-Square goodness of fit test statistic =
Table Chi-Square value (alpha = 0.01) = 13.277 

Data PASS normality test. Continue analysis. 

 2.8846 

GZA Central Landfill H. azteca Growth 
File: GZAHaGro.da2 Transform: NO TRANSFORMATION 

Shapiro  Wilk's test for normality 

D = 0.074 

W = 0.971 

Critical W (P = 0.05) (n = 40) = 0.940 
Critical W (P = 0.01) (n = 40) = 0.919 

Data PASS normality test at P=0.01 level. Continue analysis. 

GZA Central Landfill
File: GZAHaGro.da2

 H. azteca Growth 
 Transform: NO TRANSFORMATION 

Bartlett's test for homogeneity of variance 
Calculated Bl statistic = 5.08 

Table Chi-square value = 13.28 (alpha = 0.01, df = 4) 
Table Chi-square value = 9.49 (alpha = 0.05, df = 4) 

Data PASS Bl homogeneity test at 0.01 level. Continue analysis. 



GZA Central Landfill H. azteca Growth 
File: GZAHaGro.da2 Transform: NO TRANSFORMATION 

ANOVA TABLE 

SOURCE • DF SS MS F
 

Between 4 0.017 0.004 1.978
 

Within (Error) 35 0.074 0.002
 

Total 39 0.091
 

Critical F value = 2.69 (0.05,4,30)
 
Since F < Critical F FAIL TO REJECT -Ho: All equal
 

GZA Central Landfill H. azteca Growth
 
File: GZAHaGro.da2 Transform: NO TRANSFORMATION
 

TUKEY method of multiple comparisons
 

GROUP
 
TRANSFORMED ORIGINAL 0 0 0 0  0
 

GROUP IDENTIFICATION MEAN MEAN 1 5 2 3  4
 

1 Sed 98-50 0.252 0.252 \
 
5 Sed 98-54 0.253 0.253 . \
 
2 , Sed 98-51 0.261 0.261 . . \
 
3 Sed 98-52 0.288 • 0.288 . . . \
 
4 Sed 98-53 0.303 0.303 . . . . \
 

* = significant difference "(p=0.05) . = no significant difference
 
Tukey value (5,35) = 4.10 s = : 0.002
 



APPENDIX C
 

ACUTE TOXICITY DATA SHEETS
 
AND STATISTICAL ANALYSES FOR
 
REFERENCE TOXICANT TESTS WITH
 

AMPHIPODS,H. azteca. (POTASSIUM CHLORIDE)
 
AND DAPHNIDS, C. dubia (SODIUM CHLORIDE)
 



NEW ENGLAND BIOASSAY ACUTE TOXICITY DATA FORM
 
COVER SHEET FOR REFERENCE TOXICANT (NaCL) LC50 TESTS
 

CLIENT: New England Bloassav. Inc. C. dubta TEST ID M0,
 
ADDRESS: 77 Batson Drive
 COC NO: MA
 

Manchester. CT 060*0
 PROJECT NO: 190-084
 

CONTACT: John D. Cooney
 

SAMPLE TYPE: Reference Toxicant - Had
 

INVERTEBRATE
 

TYPE OF TEST TEST SET UP (TECH. INIT.):̂  QM
 

DEFINITIVE fXl SCREEN C 1 RANGCEE 11 REHEHAL f
 

TEST SPECIES: Ceriodaohnia dubla 

KEB LOT 

AGE; < 24 HOURS 

TEST SOLUTION VOLUME: 30 (mL) 

NO. ORGANISMS PER TEST CHAMBER: 

NO. ORGANISMS PER CONCENTRATION: 20 

NO. ORGANISMS PER CONTROL: 

START DATEiffl/TN 6JI/1? AT_ (hours) 
END DATE; ClfaL (H/^/^l AT (hours) 

DILUTION HATER SOURCE
 

ARTIFICIAL FH: KE8 Batch II S~01I HARDNESS:' ALKALINITY:
 
(mg/L as CaCO,) (mg/L as C 

Stock Solution Preparation:_ MiSDcc MihsTSih 

Authorization: 

RESULTS OF Ceriodaphnia dubia LC.. TEST
 

METHOD ' . LC,. (g/L) 95% CONFIDENCE LIMITS (g/L)
 

-^BINOMIAL DISTRIBUTION: O<-OO '' <
 

MOVING AVERAGE-ANGLE: _
 

PROBIT: _
 

TRIMMED SPEARMAN KARBER: J
 I.(06- 3. 
OTHER:
 

NOAEL: 

NOAEL: NO-OBSERVED-ACUTE-EFFECT LEVEL 

ANIMAL CONDITION/BEHAVIOR: 

COMMENTS:________________ 

REVIEWED BY: DATE: 
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DOCUMENTATION FORM 

Client: Test ID # : fo-ZZ .̂ '̂ 7. 

pate: job # 
Investiqator; COC # 

A 

U).fLQ MtH>'-Q av\A a 

* tJaM- oin fen 



CT-TOX: BINOMIAL, MOVING AVERAGE, PROBIT, AND SPEARMAN METHODS
 

SPEARMAN-KARBER
 

TRIM:

LC50:


95* LOWER CONFIDENCE:

95* UPPER CONFIDENCE:


CONC. NUMBER NUMBER PERCENT

g/L EXPOSED DEAD DEAD


.30 20. 0. .00


.50 20. 0. .00

1.00 20. 0. .00

2.00 20. 10. 50.00

3.00 20. 20. 100.00


THE BINOMIAL TEST SHOWS THAT 1.00 AND


 .00V
 
 1.861
 
 1.646
 
 2.104
 

 BINOMIAL
 
 PROS. {*)
 
 .9537D-04
 
 .9537D-04
 
 .95370-04
 
 .5881D+02
 
 -.9537D-04
 

 3.00 CAN BE USED AS STATISTICALLY
 
SOUND CONSERVATIVE 95 PERCENT CONFIDENCE LIMITS SINCE THE ACTUAL CONFIDENCE
 
LEVEL ASSOCIATED WITH THESE LIMITS IS 99.9998 PERCENT.
 
AN APPROXIMATE LC50 FOR THIS DATA SET IS 2 . 000
 

WHEN THERE ARE LESS THAN TWO CONCENTRATIONS AT
 
WHICH THE PERCENT DEAD IS BETWEEN 0 AND 100, NEITHER
 
THE MOVING AVERAGE NOR THE PROBIT METHOD CAN GIVE
 
ANY STATISTICALLY SOUND RESULTS.
 

DATE: 6/1/98 TEST NUMBER: 98-2206 DURATION: 48 h
 
I
 

SAMPLE: NaCl SPECIES: C. dubia
 

METHOD LC50 CONFIDENCE LIMITS 
LOWER UPPER 'SPAN 

BINOMIAL 2.000 1.000 3.000 2.000 
MAA ******* ******* ******* ******* 
PROBIT ******* ******* ******* ******* 
SPEARMAN 1.861 1.646 2.104 .458 

**** _ LIMIT DOES NOT EXIST
 



NEW ENGLAND BIQASSAY ACUTE TOXICITY DATA FORM
 
COVER SHEET FOR REFERENCE TOXICANT TESTS
 

CLIENT: NEW ENGLAND BIOASSAY »J. arteca TEST ID NO:
 
ADDRESS: 77 BATSOK DR. PROJECT HO; 190-06<
 

MANCHESTER. CT. 06040
 

CONTACT: John D. Coonev. Ph.D.
 

REFERENCE TOXICANT; Potassium Chloride
 

TEST CONDITIONS rOK Bv»l«ll« «rt«e«
 

TYPE OF TEST TEST SET UP (TECH. IKIT.) ;
 

DEFINITIVE 1X1 SCREEN f 1 RANGE ( 1 RENEWAL t 1 TEST SOLUTION VOLUME: 200 (mLl
 

TEST SPECIES; Hvalella aiteca . NO. ORGANISMS PER TEST CHAMBER:___
 

'	 NO. ORGANISMS PER CONCENTRATION:___
 

NO. ORGANISMS PER CONTROL: _________20
 

TEST DURATION 

START DATE: ftl blf('%'&' AT / 2-S* (hours) <h< 

DILUTION HATER SOORCB 

ARTIFICIAL FW: NEB Batch * A~T * "/IT HARDNESS: ALKALINITY: 
(mg/L as CaCO,) (mg/L as CaCO 

SAMPLE t SURVIVAL OBSERVATIONS: 

AERATION REQUIRED: YES t ) NO [
 

RESULTS OF Hvalella aiteca LC.. TEST 

METHOD LC,. (m9/L) 9S% CONFIDENCE LIMITS (mg/L) 

BINOMIAL DISTRIBUTION; 33,1• ~? 3?>0-O ~~ 5^0 . & 

MOVING AVERAGE-ANGLE: ZfJfa-O	 o?l7-(f " -3-SV. y 

J^TRIMMED SPEARMAN KARBER: -3 

OTHER: _______ 

NOAEL: /3 Q\ 

NOAEL: NO-OBSERVED-ACUTE-EFFECT LEVEL 

REVIEWED BY;
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CT-TOX: BINOMIAL, MOVING AVERAGE, PROSIT, AND SPEARMAN METHODS
 

SPEARMAN-KARBER
 

TRIM: 5.00%
 
LC50: 300.178
 

95% LOWER CONFIDENCE: 244.255
 
95% UPPER CONFIDENCE: 368.904
 

CONC. NUMBER NUMBER PERCENT BINOMIAL
 
mg/L EXPOSED DEAD DEAD PROB.(%)
 
62.50 20. 1. 5.00 .2003D-02
 
125.00 20. 2. 10.00 .2012D-01
 
250.00 20. 5. 25.00 .2069D-I-01
 
500.00 20. 18. 90.00 .2012D-01
 
1000.00 20. 20. 100.00 .9537D-04
 

THE BINOMIAL TEST SHOWS THAT 250.00 AND 500.00 CAN BE USED AS STATISTICALLY
 
SOUND CONSERVATIVE 95 PERCENT CONFIDENCE LIMITS SINCE THE ACTUAL CONFIDENCE
 
LEVEL ASSOCIATED WITH THESE LIMITS IS 97.9104 PERCENT.
 
AN APPROXIMATE LC50 FOR THIS DATA SET IS 321.695
 

— — — — — — — — — __-. — ̂  — — _ — — _ _ _ _ _ — _»._— __ — _ — — — — — — -. — — — — — _ — — — _ — __ — — _ _ _ « . _ _ „ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
 

RESULTS USING MOVING AVERAGE •'
 
SPAN G LC50 95% CONFIDENCE LIMIT
 
4 .066 275.95 217.56 354.92
 

****** RESULTS CALCULATED BY PROBIT METHOD
 
ITERATIONS. G H GOODNESS OF FIT
 
6 .737 2.69 .04
 

SINCE THE PROBABILITY IS LESS THAN 0.05,
 
RESULTS CALCULATED USING THE PROBIT -METHOD
 
PROBABLY SHOULD NOT BE USED.
 
SLOPE =3.69
 
95% CONFIDENCE LIMITS: ' .52 AND 6.87
 
LC50= 277.68
 
95% CONFIDENCE LIMITS: 92.64 AND 865.70
 
LC1 = 65.12
 
95% CONFIDENCE LIMITS: .01 AND 144.54
 

DATE: 6/5/98 TEST NUMBER: 98-2279 DURATION: 96 hours
 
SAMPLE: Ref. Tox. SPECIES: H.azteca
 
[Lot # KC1 002(6/5/98)]
 

METHOD LC50 CONFIDENCE LIMITS
 
LOWER . UPPER SPAN
 

BINOMIAL 321.695 250.000 500.000 250.000
 
MAA 275.952 217.556 354.921 137.365
 
PROBIT 277.680 92.637 865.697 773.060
 
SPEARMAN 300.178 244.255 368.904 124.650
 

**** _ LIMIT DOES NOT EXIST
 



APPENDIX H 

MAY 1993 ACUTE TOXICITY TEST REPORT 



NEW ENGLAND BIOASSAY, INC. 

25 May 1993
 

Mr. Tim Briggs
 
GZA Environmental
 
320 Needham Street
 
Newton Upper Falls, MA 02164
 

Dear Mr. Briggs:
 

ACUTE TOXICITY TEST REPORT
 
TO GZA ENVIRONMENTAL INC. FOR
 
SEDIMENT SAMPLES COLLECTED ON
 
12 MAY 1993 FROM A FRESHWATER SITE IN
 
THE VICINITY OF THE CENTRAL LANDFILL
 
IN JOHNSTON, RI
 

This report contains the results of six static-acute elutriate
 
toxicity tests performed with the daphnid, Ceriodaphnia dubia,
 
and the fathead minnow, Pimephales promelas. The definitive
 
acute toxicity tests were conducted with elutriates (water
extractable phase) prepared from three sediment samples collected
 
on 12 May 1993 by GZA Environmental staff from a freshwater site
 
in the vicinity of the Central Landfill in Johnston, RI. This
 
report details procedures for preparing elutriates from the
 
sediment samples and the biological and chemical evaluations
 
associated with performance of the acute toxicity tests with the
 
three elutriate samples.
 

Sample Collection and Elutriate Preparation
 

On 12 May 1993, sediment samples were collected from three
 
locations at the freshwater site by GZA staff. Sediment samples
 
were picked up by a New England Bioassay (NEB) courier at 1520 h
 
on 12 May 1993. Upon receipt at NEB, the sediment samples were
 
logged into the laboratory (Table 1; Appendix A) and then stored
 
in the dark in a cold room (4° ± 2°C); elutriate preparation was
 
initiated on the next day. On the morning of 13 May 1993, the
 
three sediment samples from each of the three sites were removed
 
from the cold room and combined in individual, clean 3-L beakers;
 
any large stones, sticks, or extraneous plant material were
 
removed.
 

77 BATSON DRIVE / MANCHESTER. CONN.06040 / TEL. (203) 643 9560 / FAX. (203) 646-7169 



Mr. Tim Briggs
 
GZA Environmental 25 May 1993
 

TABLE 1. DESCRIPTION OF SEDIMENT SAMPLES COLLECTED BY
 
GZA ENVIRONMENTAL FROM A FRESHWATER SITE IN
 
JOHNS-TON, RI FOR STATIC-ACUTE ELUTRIATE TOXICITX TESTS
 

Sediment Sample
Description 

Sample Date Sample
Type

 NEB 
 ID Nos. 

site No. 21 
(GZA No. SED93-21-I) 

5/12/93
(1030 h) 

Grab 93-1836 

Site No. 24 
(GZA NO. SED93-24-I) 

5/12/93
(1110 h) 

Grab 93-1837 

Site No. 30 
(GZA No. SED93-30-I) 

5/12/93
(1145 h) 

Grab 93-1838 

Mashapaug sediment 
(Samples A & B) 

5/10/93
(1130-1200) 

Grab 93-1823 

iivc
 



Mr. Tim Briggs
 
GZA Environmental 3 25 May 1993
 

In addition to testing the three sediment samples from the
 
Johnston, RI site, an additional reference sediment was evaluated
 
as an quality-control check to determine the adequacy of the test
 
system and the health of the test organisms. The reference
 
sediment sample was collected by NEB on 10 May 1993 from an
 
oligotrophic lake (Mashapaug Pond) located in Union, CT.
 
Mashapaug Pond sediment was chosen for the reference sediment
 
because the pond is a relatively pristine lentic system with low
 
levels of human activity/pollution. Previous chemical
 
characterizations performed by the Connecticut Department of
 
Environmental Protection (CTDEP) found that Mashapaug Pond
 
sediments were low in organic contaminants and metals. The
 
reference sediment was handled similarly to the site sediments.
 

Samples were manually stirred to ensure a homogeneous sediment
 
sample. Homogenized sediment and laboratory-prepared water
 
(hardness: 50 mg/L as CaCO3) were combined in a 1:4 ratio (680 mL
 
sediment: 2720 mL water; volume:volume) in 1-gallon glass wide-

mouth specimen jars (with teflon lid inserts). For each site,
 
two 1-gallon specimen jars were prepared in this manner.
 

Sediment:water mixtures were placed in foam inserts in a 55
gallon polypropylene drum. The drum containing four glass jars
 
(2 sediment samples) was placed on an electric drum rotator set
 
at 12 rpm, which mixed the samples at room temperature (about
 
22°C) for 30 minutes in an end-over-end manner. The drum
 
rotation was then repeated for the remaining two sediment
 
samples.
 

After stirring was terminated, samples were allowed to settle for
 
about 1 h. After settling, the supernatant (elutriate) from each
 
jar was removed by carefully siphoning off the supernatant
 
without disturbing the settled material. For each sediment, the
 
supernatants collected from the two duplicate jars were combined
 
into one sample. The supernatants were gray in color and high in
 
suspended fine clay and silt particles. To obtain an estimate of
 
the amount of suspended material present in the samples, aliquots
 
of the supernatants were dried in an oven at about 100°C and
 
weighed (Table 2); the amount of dry material in the supernatants
 
(before filtering) averaged 14.5, 32.5, and 16.9 mg dry
 
material/mL of liquid. Because of the high turbidity in the
 
supernatants caused by the suspended clay and silt particles, the
 
supernatants were filtered through a 1 pm Gelman glass-fiber
 
filter to reduce the amount of suspended materials before use in
 
testing.
 

Because the 1 }im filtration did not completely remove the fine
 
silt/clay particles, an aliquot of each elutriate sample was
 
centrifuged for 15 minutes at about 3700 revolutions per minute;
 
the undiluted centrifuged elutriate was evaluated for acute
 
toxicity to C. dubia during 13-15 May 1993 (Table 3). In this
 
manner, the effects of the suspended materials on daphnid
 
survival could be assessed.
 



Mr. Tim Briggs
 
GZA Environmental 4 25 May 1993
 

TABLE 2. WET CHEMISTRY RESULTS FOR SEDIMENT ELUTRIATE SAMPLES
 

Analysis Elutriate Samples

Performed Site No.: 21 24 30
 

pH (SU) 6.9 7.3 7.4
 

Dissolved oxygen 6.8 7.0 6.0
 
(mg/L)
 

Sp. conductivity 171 159 161
 
(ymhos/cm)
 

Hardness 50 24 32
 
(mg/L as CaCO3)
 

Alkalinity 25 50 45
 
(mg/L as CaCO3)
 

Color* Gray Gray Gray
 

Dry Weight of* 14.5 32.5 16.9
 
Suspended Materials
 
(rag dry material/mL elutriate)
 

Sample color and dry weight measurements were obtained
 
on samples of the supernatants before filtering.
 



Mr. Tim Briggs 
GZA Environmental 25 May 1993 

TABLE 3. TEST DATES AND TEST IDENTIFICATION NUMBERS FOR 
ACUTE TOXICITT TESTS PERFORMED WITH SEDIMENT 
ELUTRIATE SAMPLES 

Sample
Description 

Site No. 21 

Test 
Species 

Test Dates 

Definitive Acute Toxicity Tests 
Cl inn Filtered Elutriates^ 

C. dubia 
P. promelaa 

5/14-16/93
5/14-18/93 

NEB Test 
ID Nos. 

93-2043 
93-2044 

Site No. 24 C. dubia 
P. promelas 

5/14-16/93
5/14-18/93 

93-2047 
93-2048 

Site No. 30 C. dubia 
P. promelas 

5/14-16/93
5/14-18/93 

93-2045 
93-2046 

Screening Acute Toxicity Tests 
(Centrifuqed Elutriates) 

Site No. 21 C. dubia 5/13-15/93 93-2032 

Site No. 24 C. dubia 5/13-15/93 93-2033 

Site No. 30 c. dubia 5/13-15/93 93-2034 
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After centrifugation, standard wet chemistry analyses [pH,
 
dissolved oxygen, specific conductivity, hardness, and
 
alkalinity] were performed on each sediment elutriate sample.
 
Wet chemistry data are provided in Table 2.
 

The filtered elutriate samples were used in toxicity tests. Each
 
sediment elutriate sample was serially diluted with clean
 
laboratory-prepared water and evaluated for acute toxicity to
 
Ceriodaphnia dubia and fathead minnows during 14-16 and 14-18 May
 
1993, respectively (Table 3). For the reference sediment
 
elutriate, only the undiluted elutriate sample was evaluated for
 
acute toxicity. Laboratory water controls were also be set up
 
concurrently with each test to document health of test organisms.
 
Test suspensions were not changed during the acute tests.
 

The basic references for the initial manipulations of the
 
sediments for toxicity testing are the ASTM document titled
 
"Standard Guide for Collection, Storage, Characterization, and
 
Manipulation of Sediments for Toxicological Testing" and the
 
National Fisheries Contaminant Research Center's Standard
 
Operating Procedures for evaluating contaminated freshwater
 
sediments. Additional guidance was provided by adapting the
 
saltwater test procedures described in "Evaluation of Dredged
 
Material Proposed for Ocean Disposal" (EPA-500/8-91/001; February
 
1991) and "Guidance for Performing Tests on Dredged Material to
 
be Disposed of in Open Waters" (EPA Region I; 15 May 1989).
 

Test Water
 

The dilution/control water for the C. dubia and fathead minnow
 
elutriate toxicity tests was dilute mineral water (DMW; nominal
 
hardness: 50 mg/L as CaCO3). The DMW was prepared based on
 
instructions cited in Weber et al. (1989). Base water used in
 
preparing the DMW was deionized water from a Millipore Milli-Q®
 
water system. To prepare the DMW, Perrier® water was added in
 
the appropriate amount to a carboy containing deionized water and
 
mixed. After preparation, each batch of DMW was aerated at room
 
temperature and then used in testing. Hardness and alkalinity of
 
DMW used as the dilution/control water for acute elutriate tests
 
averaged 50 mg/L (as CaC03) and 36 mg/L (as CaCO3), respectively.
 

Test Organisms
 

Ceriodaphnia dubia
 

Original stock cultures of the freshwater crustacean water flea,
 
Ceriodaphnia dubia, used in acute elutriate toxicity tests were
 
obtained from the CTDEP and were cultured at NEB in dilute
 
mineral water (DMW; 12% Perrier* water) in a controlled
 
environment chamber at the specified conditions (temperature 25°
 
± 2°C; photoperiod 16-h light and 8-h dark).
 

iMC
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C. dubia were individually cultured in 30-mL plastic cups
 
(1 C. dubia per cup) containing 15 mL of DMW. Each culture
 
chamber received 50 /JL of a yeast/trout chow/Cerophyl® (YTC) food
 
suspension (see Weber et al., 1989, for procedures for preparing
 
the food suspension) and 150 ;yL of the green alga, Selenastrum
 
capricornutum, when the cultures were changed. Survival and
 
reproduction of culture animals were checked each time the
 
culture water was changed (on a daily basis after production of a
 
first brood of young). After 14 days, cultures were not used for
 
testing. All young were removed from culture chambers 24 h
 
before the start of a test to ensure that only ceriodaphnids
 
s 24 h old would be available to start the acute tests.
 

Fathead Minnows (Pimephales promelas)
 

Immature fathead minnows (Pimephales promelas) used in the acute
 
elutriate toxicity tests were obtained from NEB in-house
 
cultures. The original sources of NEB brood stocks of fathead
 
minnows were the EPA Environmental Monitoring Systems Laboratory
 
(Newtown, OH) and Aquatic Biosystems (Fort Collins, CO). Young
 
fathead minnows (9-days old at test initiation) were used to
 
initiate the acute tests.
 

ACUTE TOXICITY TESTS
 

Test Systems
 

C. dubia Static-Acute
 
Elutriate Toxicity Tests
 

Specific procedures of the C. dubia 48-h static-acute test system
 
are described in Appendix B. These procedures are based on EPA
 
guidelines (Weber et al., 1989; Peltier and Weber, 1985).
 
Static-acute toxicity tests using C. dubia were initiated with
 
each sediment elutriate. Young C. dubia (£ 24 h old at test
 
initiation) were continuously exposed for 48 h under static
 
conditions to five concentrations of each sediment elutriate
 
sample (6.25, 12.5, 25, 50, and 100% elutriate), a dilution-water
 
control, and a procedural blank control. Mashapaug Pond sediment
 
mixed with DMW was used as the procedural blank.
 

C. dubia were exposed in groups of five animals in 50-mL
 
polypropylene beakers containing 30 mL of test solution or
 
control water. Six replicates were used for each test
 
concentration and control (30 animals per concentration). Test
 
chambers were maintained under the specified test conditions
 
(mean temperature 25° ± 1°C and individual temperature
 
observations 25° ± 2°C; photoperiod 16-h light and 8-h dark).
 
Per acute test protocols, organisms were not fed during the 48-h
 
test.
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Temperature, dissolved oxygen, pH, and specific conductivity were
 
measured at test initiation in a composite sample from each test
 
concentration and the controls before distribution to the test
 
chambers. Temperature, dissolved oxygen, and pH were measured in
 
one replicate at each test concentration at test completion.
 
Hardness and alkalinity of 100% elutriate were measured at sample
 
preparation. Hardness and alkalinity of DMW were measured at
 
time of preparation. Observations on the number of live and dead
 
animals were made at 24 h and 48 h.
 

Fathead Minnow Static-Acute
 
Elutriate Toxicitv Tests
 

Specific procedures of the fathead minnow 48-h static-acute
 
toxicity test system are described in Appendix B and are based on
 
EPA guidelines (Peltier and Weber, 1985; EPA Region I
 
biomonitoring protocols, 1990). Static-acute toxicity tests
 
using fathead minnows were conducted with each sediment
 
elutriate. Young fathead minnows (9-days old at test initiation)
 
were continuously exposed for 96 h under static conditions to
 
five concentrations of each elutriate sample (6.25, 12.5, 25, 50,
 
and 100% sediment elutriate), a dilution water control, and
 
procedural blank control. DMW was used as test dilution/control
 
water. Mashapaug Pond sediment mixed with DMW was used as the
 
procedural blank.
 

Fathead minnows were exposed in groups of 10 animals in 1000-mL
 
Tri-pour polypropylene beakers containing 700 mL of test solution
 
or control water. Three replicates were used for each test
 
concentration and control (30 animals per concentration). Test
 
beakers were maintained under the specified test conditions (mean
 
temperature 25° ± 1°C and individual temperature observations
 
25° ± 2°C; photoperiod 16-h light and 8-h dark). Per acute
 
testing protocols, organisms were not fed during the 96-h tests.
 

Temperature, dissolved oxygen, pH, and specific conductivity were
 
measured in a single composite sample from each test
 
concentration and the control before distribution to the test
 
chambers. Temperature and pH were measured daily in one
 
replicate at each test concentration; dissolved oxygen was
 
measured daily in each test chamber. Hardness and alkalinity
 
were measured on the 100% elutriate after sample preparation.
 
Hardness and alkalinity of DMW were measured at the time of
 
preparation. Observations on the number of live and dead animals
 
were made daily until test completion (96 h).
 



Mr. Tim Briggs
 
GZA Environmental 9 25 May 1993
 

Statistical Analysis
 

Data from the acute elutriate toxicity tests with C. dubia and
 
fathead minnows were used to estimate daily median lethal
 
concentrations (LCSO) and acute no-observed-effects concentration
 
(A-NOEC). The LC50 is the elutriate concentration that is lethal
 
to 50% of the organisms within the test period. Estimates of
 
daily LC50 values were obtained by using a computer program
 
provided by the CTDEP. This program estimates an LCSO by using
 
one of four methods: binomial, moving-average, probit, or trimmed
 
Spearman-Karber.
 

The method selected is based on the shape of the concentration 
effects curve and the number of concentrations with partial
 
mortalities (mortality greater than 0% but less than 100%). The
 
moving-average, probit, and trimmed Spearman-Karber methods both
 
estimate the LCSO with 95% confidence limits. The bounds placed
 
on the LC50 by using the binomial test are not 95% confidence
 
limits, but can be used as statistically sound conservative
 
bounds that are always above 95% when animal sample size per
 
concentration is large (N 2: 6) (Stephan, 1977). Sample size in
 
all acute toxicity tests conducted for this study was 30 animals
 
per concentration.
 

To determine the A-NOEC, C. dubia and fathead minnow survival
 
data were analyzed by using Fisher's exact test comparing
 
survival of organisms in the test concentrations with survival in
 
the laboratory-water control.
 

RESULTS
 

Results of the acute toxicity tests with the three sediment
 
elutriates are summarized in Tables 4 and 5. The filtered
 
elutriates (1 fm. filtered samples) prepared from sediments
 
collected from Site Nos. 21, 24, and 30 exhibited significant
 
acute toxicity to C. dubia. Only the sediment elutriate from the
 
Site No. 30 sample exhibited significant acute toxicity to
 
fathead minnows (Table 4). Copies of the raw toxicity data
 
sheets and the statistical analyses printouts are located in
 
Appendix C.
 

Ceriodaphnia dubia
 

Survival of C. dubia at test completion (48 h) in the undiluted
 
filtered elutriate samples was 7, 33, and 70% for sediments
 
collected from Site Nos. 21, 24, and 30, respectively (Table 5).
 
The 48-hLC50 values for C. dubia were 40.4, 58.9, and > 100%
 
elutriate for sediments collected from Site Nos. 21, 24, and 30,
 
respectively (Table 4).
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TABLE 4. SUMMARY OF ACUTE TOXICITY TEST RESULTS
 

Test
 
ID No.
 

Sediment
 

93-2043
 

93-2044
 

Sediment
 

93-2047
 

93-2048
 

Sediment
 

93-2045
 

93-2046
 

Test
 
Species
 

Elutriate from
 

C. dubia
 

P. promelas
 

Elutriate from
 

C. dubia
 

P. promelas
 

Elutriate from
 

C. dubia
 

P. promelas
 

LC50 A-NOEC
 
(% elutriate) (% elutriate)
 

Site No. 21 (Sample ID
 

24 h: > 100 50
 
48 h: 40.4 12.5
 

(32.6-50.1)
 

24 h: > 100 100
 
48 h: > 100 100
 
48 h: > 100 100
 
96 h: > 100 100
 

Site No. 24 (Sample ID
 

24 h: > 100 50
 
48 h: 58.9 12.5
 

(38.0-91.4)
 

24 h: > 100 100
 
48 h: > 100 100
 
48 h: > 100 100
 
96 h: > 100 100
 

Site No. 30 (Sample ID
 

24 h: > 100 100
 
48 h: > 100 6.25
 

24 h: > 100 50
 
48 h: > 100 50
 
48 h; > 100 50
 
96 h: > 100 50
 

Control
 
Survival (%)
 

No. 93-1836}
 

100
 
97
 

97
 
97
 
97
 
97
 

No. 93-1837)
 

100
 
97
 

100
 
100
 
100
 
100
 

No. 93-1838)
 

100
 
100
 

93
 
93
 
93
 

• 93
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TABLE 5. RESULTS Of ACUTE TOZICZTZ TESTS WITH ELUTRIATES PREPARED
 
FROM SEDIMENT SAMPLES COLLECTED BT GZA ENVIRONMENTAL OK
 
12 MAX 1993 FROM A FRESHWATER SITE IN THE VICINITI OF
 
THE CENTRAL LANDFILL, IN JOHNSTON, RI
 

Test survival (%) pH DO Temp. Cond.
 
Concentration 24 h 48 h 72 h 96 h (SU) (mg/L) (*C) (pmhos/cm)
 

Sediment Elutriate from Site No. 21 (Sample ID No. 93-1836)
 

Ceriodaphnia dubia
 

Lab. Water 
Control 

100 97 —— —— 7.8 
7.6-7.9 

7.4 
7.2-7.6 

24.3 
24.2-24.4 

116 

6.25% 100 93 —— —— 7.9 
7.6-8.0 

7.4 
7.3-7.7 

24.3 
24.2-24.4 

119 

12.5% 100 90 —— —— 7.8 
7.5-7.9 

7.4 
7.3-7.8 

24.3 
24.1-24.5 

122 

25% 100 77 —— —— 7.8 
7.4-7.9 

7.4 
7.3-7.6 

24.4 
24.3-24.5 

128 

50% 90 43 —— —— 7.8 
7.2-7.9 

7.3 
7.2-7.6 

24.3 
24.3-24.4 

142 

100% 
(l̂ r filtered) 

80 7 —— —— 7.6 
6.9-7.9 

7.1 
6.8-7.2 

24.2 
24.0-24.5 

171 

100% 
(Centrifuged) 

100 83 —— —— 7.8 
6.6-8.0 

7.3 
3.7-8.1 

24.8 
24.1-25.0 

155 

Fathead Minnows 

Lab. Water 
Control 

97 97 97 97 7.5 
7.3-7.7 

6.8 
6.2-7.6 

24.5 
24.2-24.7 

116 

6.25% 100 97 97 97 7.4 
7.2-7.7 

6.7 
6.1-7.7 

24.6 
24.2-24.7 

119 

12.5% 97 97 97 97 7.6 
7.3-7.8 

6.9 
6.0-7.8 

24.6 
24.2-24.9 

122 

25% 97 97 97 97 7.7 
7.4-7.8 

7.1 
6.5-7.6 

24.4 
24.0-24.8 

128 

50% 100 100 100 97 7.7 
7.2-7.9 

7.1 
6.6-7.4 

24.5 
24.1-24.7 

142 

100% 
(1 u filtered) 

97 97 97 97 7.5 
6.9-7.8 

6.7 
5.8-7.2 

24.7 
24.5-24.9 

171 
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TABLE 5. RESULTS OF ACUTE TOXICITt TESTS WITH ELUTRIATES PREPARED
 
FROM SEDIMENT SAMPLES COLLECTED BX GZA ENVIRONMENTAL OH
 
12 MAT 1993 FROM A FRESHWATER SITE IN THE VICIHITX OF
 
THE CENTRAL LANDFILL IN JOHNSTON, RI
 

(CONTINUED)
 

Test survival (%) PH DO Temp. Cond.
 
Concentration 24 h 48 h 72 h 96 h (SU) (mg/L) <*C) (fnnhos/cm)
 

Sediment Elutriate from Site No. 24 (Sample ID No . 93-1837}
 

Ceriodaphnia dubia
 

Lab. Water
Control 

 100 97 —— —— 7.4 
6.7-7.8 

7.5 
7.2-7 .8

24.4 
 24.1-24.5 

116 

6.25% 93 83 —— —— 7.8 
7.8 

7.3 
7 .2-7 .7

24.5 
 24.1-24.6 

117 

12.5% 93 83 7.9 
7.7-7.9 

7.4 
7 .3-7 .7

24.5 
 24.2-24.5 

119 

25% 100 70 —— —— 7.9 
7.7-7.9 

7.4 
7.2-7. 6

24.4 
 24.1-24.5 

125 

50% 93 57 —— —— 7.8 
7.4-7.9 

7.3 
7.2-7 .4

24.5 
 24.4-24.6 

136 

100%
(Ip filtered) 

100%
(Centrifuged) 

 77

 100

 33 

 40 —— ——

7.7 
7.3-7.9 

 7.7 
7.0-7.9 

7.2 
7.0-7. 

7.3 
4.3-8. 

2

0

24.5 
 24.4-24.6 

25.9 
 25.5-26.0 

159 

141 

Fathead Minnows 

Lab. Water
Control 

 100 100 100 100 7.6 
7.3-7.8 

7.0 
6.4-7. 7

24.5 
 24.1-24.9 

116 

6.25% 97 97 97 97 7.7 
7.4-7.9 

7.2 
6.8-7. 7

24.6 
 24.0-24.9 

117 

12.5% 97 97 97 97 7.7 
7.5-7.9 

7.2 
6.8-7. 7

24.5. 
 24.1-24.7 

119 

25% 97 97 97 93 7.7 
7.5-7.9 

7.1 
6.8-7. .6

24.4 
 24.0-24.7 

125 

50% 97 97 97 93 7.7 
7.4-7.9 

6.8 
5.7-7. .4

24.7 
 24.6-24.9 

136 

100%
(1 jj filtered) 

 97 97 97 93 7.6 
7.3-7.9 

6.6 
5.9-7, .0

24.7 
 24.5-24.8 

159 

irvc
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TABLE 5. RESULTS OF ACUTE TOXICITI TESTS WITH ELUTRIATES PREPARED
 
FROM SEDIMENT SAMPLES COLLECTED BT GZA ENVIRONMENTAL ON
 
12 MAT 1993 FROM A FRESHWATER SITE IH THE VICINITT OF
 
THE CENTRAL LANDFILL IN JOHNSTON, RI
 

(CONTINUED)
 

Test Survival (%) pH DO Temp. Cond.
 
Concentration 24 h 48 h 72 h 96 h (SU) (mg/L) (°C) (ymhos/cm)
 

Sediment Elutriate from Site No. 30 ( Sample ID No. 93-1838)
 

Ceriodaphnia dubia
 

Lab. Water 
Control 

100 100 —— —— 7.9 
7.8-7.9 

7.5 
7.4-7.7 

24.0 
23.7-24.4 

114 

6.25% 100 97 —— —— 7.9 
7.8-8.0 

7.4 
7.3-7.7 

24.2 
24.0-24.4 

118 

12.5% 93 73 —— —— 7.9 
7.7-8.0 

7.4 
7.4-7.6 

24.2 
24.1-24.6 

121 

25% 93 70 —— —— 7.9 
7.6-7.9 

7.4 
7.3-7.4 

24.2 
24.0-24.5 

126 

50% 100 67 —— —— 7.8 
7.5-7.9 

7.2 
7.0-7.4 

24.2 
24.1-24.5 

137 

100% 
(Ijj filtered) 

97 70 —— —— 7.6 
7.4-7.7 

6.6 
6.0-6.8 

24.3 
24.2-24.5 

161 

100% 
(Centrifuged) 

100 100 —— —— 7.8 
7.0-8.0

7.3 
 3.6-8.1

25.6 
 24.6-25.9 

153 

Fathead Minnows 

Lab. Water
Control 

 93 93 93 93 
7 
7.3 
.0-7 .8 6 

7.0 
.4-7 .7 24 

24.6 
.4-24 .8 

114 

6.25% 100 100 100 100 
7 
7.5 
.2-7 .8 6 

7 
.6 
.2 
-7 .7 24 

24.5 
.0-24 .7 

118 

12.5% 100 100 100 100 
7 
7.5 
.2-7 .8 6 

7 
.4 
.0 
-7 .6 24 

24.6 
.3-24 .8 

121 

25% 97 97 97 97 
7 
7.5 
.3-7 .9 6 

7 
.2 
.0 
-7 .6 24 

24.6 
.3-24 .9 

126 

50% 100 97 97 97 
7 
7.4 
.0-7 .7 6 

6 
.0 

.6 
-7 .5 24 

24.7 
.5-24 .9 

137 

100%
(1 p filtered) 

 67 53 53 53 
6 
6.9 
.6-7 .4 4 

6.2 
.8-7 .2 24 

24.6 
.1-24 .9 

161 
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For Site No. 21, C. dubia survival in the 6.25, 12.5, 25, and 50%
 
elutriate was 93, 90, 77, and 43%, respectively; the A-NOEC for
 
Site No. 21 sediment elutriate was 12.5% elutriate.
 

For Site No. 24, C. dubia survival in the 6.25, 12.5, 25, and 50%
 
elutriate was 83, 83, 70, and 57%, respectively; the A-NOEC for
 
Site No. 24 sediment elutriate was also 12.5% elutriate.
 

For Site No. 30, C. dubia survival in the 6.25, 12.5, 25, and 50%
 
elutriate was 97, 73, 70, and 67%, respectively; the A-NOEC for
 
Site No. 30 sediment elutriate was 6.25% elutriate.
 

All three filtered elutriates were brown in color and exhibited
 
some turbidity (i.e., cloudy suspensions). Because C. dubia are
 
filter feeders and are sensitive to suspended particulates in the
 
water column, aliquots of the three sediment elutriates were
 
centrifuged and then evaluated for acute toxicity. Survival of
 
C. dubia in the undiluted centrifuged elutriate samples was 83, 40,
 
and 100% for sediments collected from Site Nos. 21, 24, and 30,
 
respectively (Table 5). Thus, centrifuged elutriates prepared from
 
sediments collected from Site Nos. 21 and 30 were less toxic than
 
the filtered elutriates; the centrifuged elutriate from the Site
 
No. 24 sediment was similar in toxicity to the filtered elutriate
 
(40% and 33% survival for the centrifuged and filtered elutriates,
 
respectively).
 

C. dubia survival in the laboratory-water controls was £ 97% for
 
the elutriate toxicity tests. Survival in the 1 fjm filtered
 
elutriate and the centrifuged elutriate from the reference sediment
 
(Mashapaug Pond) was 77% and 97%, respectively (Table 6). Lower
 
survival in the filtered elutriate may have been due to suspended
 
particulates in the sample; centrifugation removed the particulates
 
and eliminated the acute toxicity.
 

Fathead Minnows
 

Fathead minnow survival at test completion (96 h) in the undiluted
 
filtered elutriate samples was 97, 93, and 53% for sediments
 
collected from Site Nos. 21, 24, and 30, respectively (Table 5).
 
The 96-h LCSO values for fathead minnows were all > 100% elutriate
 
(Table 4).
 

For Site No. 21, fathead minnow survival after 96 h in the 6.25,
 
12.5, 25, and 50% sediment elutriate was 97%; the A-NOEC for Site
 
No. 21 sediment elutriate was 100% elutriate.
 

For Site No. 24, fathead minnow survival in the 6.25, 12.5, 25, and
 
50% sediment elutriate was > 93%; the A-NOEC for Site No. 24
 
sediment elutriate was also 100% elutriate.
 

INC
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TABLE	 6. RESULTS OF ACUTE SCREENING TOXICITr TESTS WITH AN ELUTRIATE
 
PREPARED FROM A REFERENCE SEDIMENT SAMPLE COLLECTED
 
ON 10 MAT 1993 FROM MASHAPAUG POND IN UNION, CT
 

Test Survival (%) pH DO Temp. Cond.
 
Concentration 24 h 48 h 72 h 96 h (SU) (mg/L) (CC) (f/mhos/cm)
 

Sediment Elutriate from Reference Site	 (Sample ID No. 93-18231
 

Ceriodaphnia dubia
 

Lab. Water* 100 100 —— —— 7.5 7.7 24.8 115
 
Control 6.8-7.9 7.2-8.0 24.7-25.0
 

100% 100 77 —— —— 7.5 7.5 24.5 116
 
filtered) 7.4-7.8 7.4-7.8 24.1-24.7
 

100%	 100 97 —— —— 7.7 7.4 24.4 74
 
(Centrifuged)	 7.2-7.9 5.8-7.9 24.4-24.5
 

Fathead Minnows
 

100%	 97 97 97 97 7.3 6.6 24.6 116
 
(1 }i filtered)	 6.9-7.8 6.0-7.7 24.1-24.7
 

•	 Laboratory -water control using C. dubia was evaluated concurrently
 
with the 100% screening tests using the centrifuged elutriate samples
 
(Test Dates: 13-15 May 1993).
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For Site No. 30, fathead minnow survival in the 6.25, 12.5, 25,
 
and 50% elutriate was a 97%; survival in the 100% sediment
 
elutriate was only 53% at test completion. The A-NOEC for Site
 
No. 30 sediment elutriate was 50% elutriate.
 

Although all three filtered elutriates were brown in color and
 
exhibited some turbidity, the turbidity did not appear to affect
 
the fathead minnows.
 

Fathead minnow survival in the laboratory-water controls was
 
£ 93% for the elutriate toxicity tests. Survival in the 1 ̂ m
 
filtered elutriate from the reference sediment (Mashapaug Pond)
 
was 97% (Table 6).
 

Summary 

The elutriate test results for the sediment samples collected by 
GZA Environmental on 12 May 1993 can be summarized as follows: 

• Site No. 21: Significant acute toxicity of filtered elutriate to 
C. dubia (48-h LCSO = 4 0 . 4 % elutriate; A-NOEC = 12.5% 
elutriate) with 7% survival in the undiluted elutriate at 
test completion (survival in the centrifuged elutriate 
was increased to 83%). No significant acute toxicity to 
fathead minnows (96-h LC50 > 100% elutriate; A-NOEC = 
100% elutriate) with 97% survival in undiluted filtered 
elutriate at test completion. 

• Site Ho. 24: Significant acute toxicity of filtered elutriate to 
C. dubia (48-h LCSO = 58.9% elutriate; A-NOEC = 12.5% 
elutriate) with 33% survival at test completion (survival 
in the centrifuged elutriate was increased to only 4 0 % )  . 
No significant acute toxicity to fathead minnows (96-h 
LC50 > 100% elutriate; A-NOEC = 100% elutriate) with 93% 
survival in undiluted filtered elutriate at test 
completion. 

• Site Ho. 30: Significant acute toxicity of filtered elutriate to 
C. dubia (48-h IX:SO > 100% elutriate; A-NOEC = 6 .25% 
elutriate) with 70% survival at test completion (survival 
in the centrifuged elutriate was increased to 100%) . 
significant acute toxicity to fathead minnows (96-h LCSO 
> 100% elutriate; A-NOEC = 50% elutriate) with 53% 
survival in undiluted filtered elutriate at test 
completion. 

If you have any questions concerning the elutriate toxicity test
 
results, please contact me at (203) 643-9560.
 

Sincerely,
 

ohn D. Cooney, Ph.
 
Laboratory Director
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METHODS FOR ACUTE TOXICITY TESTING
 
WITH FRESHWATER ORGANISMS
 



METHODS FOR ACUTE TOXICITY TESTING
 
WITH FRESHWATER ORGANISMS
 

Unless otherwise noted, all test protocols follow those of the U.S.
 
Environmental Protection Agency (USEPA) as specified in Methods for
 
Measuring the Acute Toxicitv of Effluents to Freshwater and Marine
 
Organisms, 3rd ed. (1985, W.H. Peltier and C.I. Weber, eds.,
 
EPA/600/4-85/013) and the 1 July 1990 Biomonitoring Protocols of
 
the USEPA, Region I.
 

Sample Collection and Handling
 

Grab or composite samples of receiving water and effluent are
 
collected by personnel at the client's facility, refrigerated at
 
4°C until pickup, and then transported to the appropriate
 
laboratory for toxicological and chemical analysis. If the
 
effluent contains detectable residual chlorine (> 0.10 mg/L),
 
neutralization is carried out by addition of 10 mg sodium
 
thiosulfate per liter of effluent.
 

Toxicitv Testing
 

TEST SPECIES:
 

The test organisms are the daphnids, Daphnia pulex and Ceriodaphnia
 
.dubia, and the fathead minnow, Pimephales promelas. All species
 
are reared at New England Bioassay from parental stocks originally
 
obtained from the Connecticut DEP or USEPA. The ages of the
 
daphnids and P. promelas are < 24 h and 1 to 14 days, respectively,
 
at the start of testing. Fish from a single day's hatch are used
 
whenever possible.
 

DILUTION WATER:
 

Dilution water is receiving water collected upstream of the point
 
of discharge from the client's facility. Laboratory water prepared
 
with either reagent-grade salts or Perrier mineral water is
 
prepared in the New England Bioassay laboratory and used to culture
 
the test organisms. The laboratory water may be used as the test
 
dilution water, if requested.
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WATER QUALITY DETERMINATION:
 

Sample temperature, pH, conductivity, hardness, alkalinity, and
 
concentrations of dissolved oxygen and total residual chlorine
 
(TRC) are measured upon sample receipt. Conductivity is measured
 
with YSI Model 33 S-C-T meter; dissolved oxygen is measured with
 
YSI Model 5IB meter; pH and temperature are measured with Beckman
 
Model 12 pH/ISI meter; hardness is determined by the EDTA
 
titrimetric method; alkalinity by potentiometric titration; and TRC
 
by the DPD method.
 

GENERAL TEST CONDITIONS AND PROCEDURES:
 

The toxicity tests are static non-renewal tests, in which the test
 
organisms are exposed to the same solution for the entire test
 
period. Test conditions are summarized in Tables 1 and 2. All
 
tests are performed at a temperature of 25 ± 1°C and a photoperiod
 
of 16 h of light and 8 h of darkness. Refrigerated solutions are
 
brought to ambient temperature before testing. Test duration is
 
48 h for both species. When the initial concentration of dissolved
 
oxygen in the undiluted sample is less than 40% of the saturation
 
value, samples are aerated before the organisms are introduced and
 
subsequently during testing; otherwise no supplemental aeration is
 

'• provided during testing. The organisms are not fed during testing.
 
The daphnids test concentration are replicated 4 times with 5
 
animals per replicate. The fish test concentrations are replicated
 
twice with 10 animals per replicate.
 

The measured effect in each test is death or immobility, evidenced
 
by failure to respond to gentle prodding. At 24-h intervals
 
throughout testing, survival data are collected and recorded, and
 
dead organisms are removed from the test chambers.
 

REFERENCE TOXICANT
 

Reagent grade sodium chloride is used as a standard toxicant to
 
authenticate the sensitivity of the laboratory stocks of daphnids
 
and fish. Definitive tests with the reference toxicant are
 
performed at least once per month according to standard protocols.
 

Specific Toxicity Tests
 

DEFINITIVE TEST:
 

In a definitive test, organisms are exposed in replicate chambers
 
to five, dilutions of effluent using a 0.5 dilution factor (e.g.
 
6.25, 12.5, 25, 50, and 100), plus the permitted effluent
 
concentration. Control organisms are exposed in replicated test
 
chambers to dilution water(s) (0% effluent). A definitive test is
 
used to determine the median lethal concentration (LC50) of an
 
effluent (see "Statistical Analysis of Data" below).
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SCREENING ("PASS/FAIL") TEST:
 

In a screening test, organisms are exposed in replicated test
 
chambers to a single concentration of either effluent or receiving
 
water. Control organisms are exposed in replicate chambers in
 
laboratory-prepared water. Survival of the test animals in the
 
undiluted effluent or receiving water are compared with control
 
survival data to determine toxic impacts.
 

Statistical Analysis of Acute Toxicity Data
 

All computer programs for statistical analysis of data were
 
obtained from the Water Compliance Unit of the Connecticut DEP.
 
Mortality data are analyzed statistically by .four different methods
 
to determine the "median lethal concentration" (LC50) and the "no
 
observed acute effect level" (NOAEL) of the effluent. The LC50 is
 
the concentration that is lethal to 50% of the organisms within the
 
test period. The NOAEL is the highest concentration at which there
 
is no significant difference (P > 0.05) in survival of animals in
 
the test concentrations when compared with control survival.
 

The LCSO program estimates a LCSO by using one of four methods:
 
binomial, moving-average angle, probit analysis, or trimmed
 
Spearman-Karber. The method selected is based on the shape of the
 
concentration - effects curve and the number of concentrations with
 
partial mortalities (mortality greater than 0% but less than 100%).
 
The moving-average, probit, and trimmed Spearman-Karber methods
 
both estimate the LCSO with 95% confidence limits. The bounds
 
placed on the LC50 using the binomial test are not 95% confidence
 
limits, but can be used as statistically sound conservative bounds
 
that are always above 95% when the animal sample size per
 
concentration is large enough (N £ 6) (Stephan, 1977). Sample size
 
in all acute toxicity tests £ 20 animals per test concentration.
 
The value with the "best fit", i.e. that which best matches the raw
 
data and has the narrowest 95% confidence interval (the range of
 
values within which the true LCSO value could occur 95% of the
 
time), is then selected.
 

For screening tests, Fisher's exact test is used to determine if
 
there is a significant difference (P < 0.05) between survival of
 
animals exposed to either effluent or receiving water and control
 
animals exposed to laboratory-prepared water. The statistical
 
software program for the Fisher's exact test is TOXSTAT (Release
 
No. 3.2) developed by Gulley et al. (1989) of the University of
 
Wyoming (Laramie, Wyoming). This package was developed to address
 
the statistical requirements described for analysis of C. dubia and
 
fathead minnow acute and chronic toxicity data.
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TABLE 1. EPA REGION I RECOMMENDED EFFLUENT TOXICITY TEST
 
CONDITIONS FOR THE DAPHNIDS (Ceriodaphnia dubia and
 
Daphnia pulexi 48 HOUR ACUTE TESTS1
 

1.	 Test type
 

2.	 Temperature (°C)
 

3.	 Light quality
 

4.	 Photoperiod
 

5.	 Test chamber size
 

6.	 Test solution volume
 

7.	 Age of test organisms
 

8.	 No. daphnids per test
 
chamber
 

9.	 No. of replicate test
 
chambers per treatment
 

10.	 Total no. daphnids per
 
test concentration
 

11.	 Feeding regime
 

12.	 Aeration
 

13.	 Dilution water2
 

14.	 Dilution factor
 

15.	 Number of dilutions3
 

16. Effect measured
 

Static, non-renewal
 

25 ± 1°C
 

Ambient laboratory illumination
 

16 hr light, 8 hr dark
 

Minimum 30 ml
 

Minimum 25 ml
 

1-24	 hours (neonates)
 

20
 

None
 

None
 

Receiving water, other surface
 
water, moderately hard
 
synthetic water (prepared using
 
either Millipore Milli-Q" or
 
equivalent deionized water and
 
reagent grade chemicals) or
 
deionized water combined with
 
mineral water.
 

0.5
 

5 plus a control. An 
additional dilution at the 
p e r m i t t e d e f f l u e n t 
concentration (% effluent) is 
required if it is not included 
in the dilution series. 

Mortality - no movement of body 
or	 appendages on gentle 
prodding 
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TABLE 1. EPA REGION I RECOMMENDED EFFLUENT TOXICITY TEST
 
CONDITIONS FOR THE DAPHNIDS (Ceriodaphnia dubia and
 
Daphnia pulex) 48 HOUR ACUTE TESTS1
 

(CONTINUED)
 

17.	 Test acceptability 90% or greater survival of test
 
organisms in control solution
 

18.	 Sampling requirements For on-site tests, samples must
 
be used within 24 hours of the
 
time that they are removed from
 
the sampling device. For off-

site tests, samples must first
 
be used within 48 hours of
 
collection.
 

19. Sample volume required	 Minimum 2 liters
 

Footnotes;
 

1.	 Adapted from EPA/600/4-85/013
 

2.	 Standard prepared dilution water must have hardness
 
requirements to generally.reflect the characteristics of the
 
receiving water.
 

3.	 When receiving water is used for dilution, an additional
 
control made up of standard dilution water (0% effluent) is
 
required).
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TABLE 2. REGION I RECOMMENDED TEST CONDITIONS FOR THE FATHEAD
 
MINNOW (Pimephales promelasl 48 HOUR ACUTE TEST1
 

1.	 Test type
 

2.	 Temperature (°C)
 

3.	 Light quality
 

4.	 Photoperiod
 

5.	 Size of test vessels
 

6.	 Volume of test solution
 

7.	 Age of fish
 

8.	 No. of fish per chamber
 

9.	 No. of test vessels per
 
treatment
 

10.	 Total no. organisms per
 
concentration
 

11.	 Feeding regime
 

12.	 Aeration
 

13.	 Dilution water2
 

14.	 Dilution factor
 

15.	 Number of dilutions3
 

Static, non-renewal
 

25 ± 1°C
 

Ambient laboratory illumination
 

16 hr light, 8 hr dark
 

250-1000 ml
 

Minimum 200 ml/replicate
 

1-14	 days
 

10 (not to exceed loading
 
limits)
 

20
 

None
 

None, unless DO concentration
 
falls below 40% of saturation,
 
at which time gentle single-

bubble aeration should be
 
started at a rate of less than
 
100 bubbles/min. (Routine DO
 
check recommended.)
 

Receiving water, other surface
 
water, moderately hard
 
synthetic water (prepared using
 
either Millipore Milli-Qe or
 
equivalent deionized and
 
reagent grade chemicals) or
 
deionized water combined with
 
mineral water.
 

0.5
 

5 plus a control. An
 
additional dilution at the
 
p e r m i t t e d e f f l u e n t
 
concentration (% effluent) is
 
required if it is not included
 
in the dilution series.
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TABLE 2. REGION I RECOMMENDED TEST CONDITIONS FOR THE FATHEAD
 
MINNOW (Pimephales promelas) 48 HOUR ACUTE TEST1
 

(CONTINUED)
 

16.	 Effect measured Mortality - no movement of body
 
or appendages on gentle
 
prodding
 

17.	 Test acceptability 90% or greater survival of test
 
organisms in control solution
 

18.	 Sampling requirements For on-site tests, samples must
 
be used within 24 hours of the
 
time that they are removed from
 
the sampling device. For off-

site tests, samples must be
 
first used within 48 hours of
 
collection.
 

19. Sample volume required	 Minimum 4 liters
 

Footnotes:
 

1.	 Adapted from EPA/600/4-85/013. Fathead minnow test may be
 
extended to 96 h, if required.
 

Standard dilution water must have hardness requirements to
 
generally reflect characteristics of the receiving water.
 

When receiving water is used for dilution, an additional
 
control made up of standard dilution water (0% effluent) is
 
required.
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NEW ENGLAND BIOASSAY ACUTE TOXICITY DATA FORM
 
COVER SHEET FOR LC50 TESTS
 

CLIENTt CZA Enrlrocuaent*! C_ <iubU TEST ID HOi / O 

ADDRESS! H«edh«a Street P_ proneU. TEST ID KOi 

Nekton Cpexr COC HO. 

FRQJrCT HOI 113-017_ 

Hr. TJJ Brlqq€ 
!rktj > 

CRAB, SAMPLE -^ / 
CAK7LX TYPE I s«dta«nt Elutriate .*« (. \ UL £\\Tef J COLLECTED ON< S /) 

DILUTION WATER SOURCE! NTS ArtUietl rr««h««t«r COMPOSITE SAK7LE 
COLLECTED 

(O^TTIATl 

VgRTEBRATI
 

TYPE or TEST TZST SET O7 <TECI. IHIT.)l________ TYPE Of TEST TEST SET UP (TECI. IKIT.) l___/_S___ 

tXI SCREEN f 1 KANCE I 1 RENEWAL f 1 DtrlNTTIVI fX1 SCMEM ( 1 RAKCT f 1 RIXCTM. f 1 

TEST SPECIES l CeflodtchnU dub la________ TSST SPECIES 1 T-the Kinnov« <Plnaoh.l«« prea«l»«) 
SOORCI\H3S LOT «l KTS\ Ct>•*%3- /<)*)- /rf SOCHCE\KTB LOT I. Kt»\ 

>CE» < 24 BOUHS AGEi_____ DAYS_________________ 

TEST SOLUTION VOLUME I TEST SOLUTION VOLUME! 7QQ ( _ _  j 

NO. ORGANISMS PER TEST CEAMSERl HO. ORGANISMS PER TEST C£AHS£Rl 1Q______ 

HO. ORGANISMS PER CONCENTRATION I HO. ORGANISMS PER CONCENTRATION: ->»- "Vo 

HO. ORGANISMS PER CONTROL) HO. ORCX.HISKS PER CONTROL: 

START OAIEl '"UiU-H O XT _ START DATE . 57 J ̂ fe AI . (hour*) 
END DATE! *TI ) (j fR ' T I 6*+ S (hour.) END DATE AT I)10 

I I 

res »«teh 4 BARONESS I ___^___________ ALXALIKITTi 
(ng/1 «• CaCOj) 

INITIAL 100% ELUTRIATE CHEMISTRY TECHNICIAN INITIALS; 

BARDNESS (mg/L 1« C«COj)< £T- (_____) AKLAIKITY (n̂ /L _• CaCOj)! 'P g" ——

TEMPERATURE (*C)< 2-*A *S° pi (SO). \____ _ C^ TRC (m̂ /1). ————
 

DISSOLVED OXYGEN (mj/ljl V.J . ̂ J CONDUCTIVITY ((jmJ\O€/<=n)I \ "~l \ AMMONIA (m;/l): ————
 

SAMPLE COLOR. TZCS. OAP3NIA 00 El ("('•̂  2t E: .'̂Sj <8 S: H\̂ ) I l l l l l l l l l l III II 11 II
 

AERATION REQUIRED. TES [ ) NO ( ] risa oo it/tStbh 24 «' TN <a Sl Tf-l 72Hl t\&r )(3'J&$n£
 

RESULTS or C«rio<S«ohnia dubl« LCc. TEST RISTJLTS Or Plmeshale* pcoa«l«« LC50 TEST
 

METHOD LC50 (») >St COMTIDENCE LIMITS («) KTTHOD LC50 (») J3» COHTIDENCE LIMITS (») 

BIHOMIAL DISTRISUTIOKi vA3i^9b BINOMIAL DISTRIBUTION! _______ ______________________ 

MOVING AVERAGE-ANCLE. HOi3/o MOVING AVERAGE-ANGLE I ________ _________________________ 

PROS IT i PROSITI ________ _________________________ 

SPEARMAN 1CAR3ERI . b — 5*O . \ 9^ TRIMMED SPEARKAN XARBER. _______ __________________ 

OTB2R! OTHER. \_CSO 
HOAEH HOATLl 

HOAELl HO-OBSERVEO-ACUTE-ETTECT LEVEL
 

ANIMAL CONOITION/BEHAVIORl______ _____
 

COMMENTS t X^
 



NEW ENGLAND BIOASSAY 
ACUTE TOXICITY DATA 

Test ID f. 

coc * 

Client! G2A Environmental 

Sample!Elutriate;Sample 

Concentration 
or Dilution 

X2\ No. of Live 
CLx organisms 

0 24 48 72 96 

Test SpeciesiCeriodaphnia dubia Start Data: 

Diluent: Dilute Mineral Water End Dates 

Dissolved Oxygen 
mg/1 

0 24 48 72 95 

Temperature
•c 

0 24 48 72 9G 0 24 

PH 

4 72 9 

cond 
pmhos 

.̂3 JZO 7-(o /f4. 
7-1? 

DMW CTL A 5 5 7-^>
 H
^ I V 

B 5 

C 5 
5
5
 

7.2 »/.3
 5 

5
 7.4 ^ 7-8
 
D 5 5 7.3 3«p 78 
E 5 ^yO 5" 7-k ^.^ 

ry QF 5 5 5" 7.4 ^M 

H ?-T 7.4 ay.i ijlj ?.fc 7-9 5
5 
S
$
 

6 . 2 5 % A 5 

B 5 7.M
 ?!S
 5
 7.̂ 
 
5 !?'#
 C 73
 Lj 7,^ 

^I)L|
5 ^ 7^
 .̂0
 D 

E 5 5 OJ? $fr 73 8-A 
F 5 f5 7-4 7^ ^.c 

12.5% A 5 5 5 74 ^•> p4.i 7.5 73 T 0 

B 5 5* L| ^2 o Q 

C 5 5 ^ /7t/ H2 OQ 

m
 

5
 W
y?l$

F 5 5" ^ 7-a ?I5 7°) 
Tech Initials KC?H"-) MS 

f-(C
 
Data Reviewed by: Date;
 

D 5 7>/

1 U
 

U 7.S
 
5 5 5" E 79
 

//9 



Test ID
 
NEW ENGLAND BIOASSAY 

ACUTE TOXICITY DATA c•oc i«n-lB3 
pr o-i I 193-017 

Client: G2A Environmental Test species iPimephales promelas Start Date t 5" Hfte at lo^o 
/ /

Diluent: Dilute Mineral Hater End Date » $7/77<?5 at '^ SamoletElutriatetSample $~3l . ^ / / / TjX ttw 

Concentration No. of Live Dissolved Oxygen Temperature pH Cond
 
or Dilution organisms mg/1 °c pmho
 

0 24 48 12 96 0 24 48 72 96 0 24 48 72 9G 0 24 4 72 9 

DMH CTL A 10 10 10 1° ?.U lot fe.^ £.9 ?y. an-j */. 7.3 7.7 1> 7-3 //4. x^£T 1° TH 313 ?-t
 

B 10 <fi '9 q 9 7 ^ M i.^ f?,^ £|.l «?V.5 5V.7 ?t 7-5 7,7 7.5 7.^
 
c 10 lO /o 10 /.o 0 £ n £."?> t,^ jjtj: ^^ a f i i U * ?7 * 7-f 77 *7 ̂  7-^
 

n 1J 6 . 2 5 % A 10 10 IO 10 to 7-1 70 hi {,.!> 0-^ p1/.? .̂r M. ^ .̂7 ^K ?.u 7-3 7.5 f."1 I /  ? 
B 10 10 to /o 10 ii.* 6>,b t. ^.*» ?4fe x.t> ^^.6 aV. 7-6 76 7- 3 1*3

C 10 %$> 9 1 1 7.0 63 L.p ?-° 2^-fc 3V 3kf.5 5lit 7-5 7.7 7, a •/.if
 

12.5% A 10 y? y <\ <] "J<( T-i Afi CM 7 ^ >/i 345 Ml *n ^ 7^ 77 7.8 9.<| 1-3 1^^
 
B 10 10 10 1° -},q 6.4 c.o 7.3 At£ ^6 7.7 7-8 1,5 7.1
 l*>
C 10 1° io 10 fo 7.31 &.fr ts 7.o ^7 3f/cJ ^v afo. <££) 7k 7-o 7.0. 7-5' 

25% A 10 1ib lo If) }0 !,(>• 1A If -9 ^ 73 O^/ ,^f^ ^'|.(p 54-5 ^NC» ?-V 2ft 7.? 7-1 ?.6 I~LC> 
B 10 1* 10 )0 10 7.5 7-0 tx. 1-Y 3'f/j ^ 5,4.7 x/ 77 1* 7-7 
C 10 ^ Q <l °{ 7,^ 7.0 U ?-/ j2«/./ ;i|;3 5y.t 7.7 7-^ 7-7 77 v

50% A 10 to fO 7-V 7-H f .b 1.0 ̂ ' Oi/ 1^ |̂5 a i5ai(/ ?^ 7-7 "1.7 ?,8 75" /W"£x 10
B io Ib 10 io 0 7.H tf-1 ?.o ?/ 9-l.f 3*1 5H.(<? ^ 7-0 7-^ 7. ft ?^ 
C 10 10 10 jb <\ TS If -{p (0$ 7J '̂1.7 W(o ̂ i' 7.7 7-S ?ifl 75 

(J) 100% A 10 ^ ? y 9 1/3 /.'-I lf.U t.^ 7.o 'K 3't5 a^-t- XHb 3JC6 '). / 7.2 7.n 7.8 7^ /?/ 
B 10 JO IdIO 0 7.0 5".? CS" ?V.'7 1/j.? V.7 «Jf.> 7.V 7.5 7.& 
C 10 /o 10 J6 ^o 7.S Ix- ! «n ?.«> °^6 ->i^ w ^7 7-5 77 -8 51 11 $•"- 7-^ 

Tech Initials '/tt v( TK /#• 4& Z
 
1>E ' ' J&\tX. linWAl Qrftjf ^-^>


n fl 7} /^ s-; a /<*->Data Reviewed bv: (M?*** <^ L^W^&-tfi Date: Ss / 7/ "_? 



Teat ID I. 
HEW ENGLAHD BIOASSAY 
ACUTE TOXICITY DATA COG f 

proj t 193-017 

Client; GZA_Environmental Teat species;Ceriodaphnia dubia Start Dates_ _at_ 

Sample;Elutriate:Sample tf'M Diluent: Dilute,Mineral Hater _ End Datet_ at 

Concentration
or Dilution

 No. of Live 
 Organisms 

Dissolved Oxygen
mg/1 

Temperature
•c 

PH Cond 
pmhoa 

25% A 

B 

0 

5 

5 

24 
** 

0 
X 

48 

;3 
D 

72 96 0 

?.t 

24 48 

1A 
lA 

72 9£ 0 

M 
24 48 

aw 
$5 

72 96 0 

?y 
24 48 

7-^ 
7-1 

72 9 

& 

C 

D 

E 

F 

50% A 

B 

C 

5 

5 

5 

5 

5 

5 

5 

fT 
-i 
$ 
^ 
^ 
5 
5 

3 
H 
H 
^ 
i,,? 
^ 
i 

7.V 

V)
1A 
7-H 
7.̂  
7-k 
^ 
7-4 

M 

m 
fl3
<HA^I.L 

?̂
^ 
,M 

F2-

7.̂  
7* 
7°! 
73 
79 
79 
7^ 

H2> 

D 

E 

F 

5 

5 

5 

q̂
?
^ 

3 
<3 
s3 

7.7> 
7-7 
W 

?̂ 
.̂9 
^ 

7.°i 
7^ 
78 

100* A 

B 

5 

5 
5 
<i 

I 
0 

^ 1« 
rt 

P/.5 if|.i 
ato 

M 7-7 
7-7 

m 
C 5 5 i 71 ^Z 7-7 

Tech

D 

E 

F 

5 

5 

5' 

 Initials J^ 

H 
i 
5
r\s 

c 
0 
o 
H^ 1 

77 
76 
7.0 

43
'II 
^l.c 

7.3 
7.9 
7.9 

Data Reviewed by:_J Date:
 



CT-TOX: BINOMIAL, MOVING AVERAGE, PROBIT, AND SPEARMAN METHODS
 

SPEARMAN-KARBER
 
*
 

TRIM: 6.67%
 
LCSOs 40.397
 

95% LOWER CONFIDENCE: 32.559
 
95% UPPER CONFIDENCE: 50.122
 

CONC. NUMBER NUMBER PERCENT BINOMIAL
 
% EXPOSED DEAD DEAD PROB.(%)
 

6.25 30. 2. 6.67 .4340D-04
 
12.50 30. 3. 10.00 .42150-03 
25.00 30. 7. 23.33 .2611D-I-00 
50.00 30. 17. 56.67 .2923D+02
 
100.00 30. 28. 93.33 .4340D-04
 

THE BINOMIAL TEST SHOWS THAT 25.00 AND 100.00 CAN BE USED AS STATISTICALLY
 
SOUND CONSERVATIVE 95 PERCENT CONFIDENCE LIMITS SINCE THE ACTUAL CONFIDENCE
 
LEVEL ASSOCIATED WITH THESE LIMITS IS 99.7388 PERCENT.
 
AN APPROXIMATE LC50 FOR THIS DATA SET IS 43.752
 

RESULTS USING MOVING AVERAGE
 
SPAN G LC50 95% CONFIDENCE LIMIT
 
3 .071 40.33 32.78 50.63
 

****** RESULTS CALCULATED BY PROBIT METHOD
 
ITERATIONS G H GOODNESS OF FIT
 

5 .077 1.00 .14
 

SLOPE = 2.55 95% CONFIDENCE LIMITS: 1.84 AND 3.25
 

LC50= 38.04 95% CONFIDENCE LIMITS: 30.42 AND 48.77
 

LCl = 4.64 95% CONFIDENCE LIMITS: 2.10 AND 7.41
 

DATE: 5/14-16/93 TEST NUMBER: 93-2043 DURATION: 48 HOURS
 
SAMPLE: GZA ELUTRIATE 21 SPECIES: Ceriodaphnia dubia
 

METHOD LC50 CONFIDENCE LIMITS
 
LOWER UPPER SPAN
 

BINOMIAL 43.752 25.000 100.000 75.000
 
MAA 40.331 32.778 50.631 17.854
 
PROBIT 38.041 30.419 48.767 18.348
 
SPEARMAN 40.397 32.559 50.122 17.563
 

**** = LIMIT DOES NOT EXIST
 



GZA ELUTRIATE SAMPLE HO. 21
 
CERIODAPHKIA DUBIA TEST HO. 93-2043
 

- CROSSTAB / CHI-SQUARE TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL 
CONTROL 29 1 30 
6.25% 28 2 30 
TOTAL 57 3 60 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = .000, PROB.=1.0000
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = .351, PROB.= .5536
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail = .8814, Upper Tail = .5000
 

————————————— CROSSTAB / CHI-SQUARE TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 29 1 30
 
12.5% 27 3 30
 
TOTAL 56 4 60
 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = .268, PROB.= .6048
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = 1.071, PROB.= .3006
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail = .9438, Upper Tail = .3060
 

—————————————— CROSSTAB / CHI-SQUARE TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 29 1 30
 
25% 23 7 30
 
TOTAL 52 8 60
 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = 3.606, PROB.= .0576
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = 5.192, PROB.= .0227
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail = .9977, Upper Tail = .0262
 



GZA ELOTRIATE SAMPLE HO. 21
 
CERIODAPHNIA DUBIA TEST HO. 93-2043
 

- CROSSTAB / CHI-SQUARE TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL 
CONTROL 29 1 30 
50% 13 17 30 
TOTAL 42 18 60 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = 17.857, PROB.= 2.381E-05
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = 20.317, PROB.= 6.560E-06
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail =1.0000, Upper Tail = 3.977E-06
 

- CROSSTAB / CHI-SQUARE TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 29 1 30
 
100% 2 28 30
 
TOTAL 31 29 60
 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = 45.117, PROB.= 9.417E-11
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = 48.654, PROB.= 7.866E-11
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail =1.0000, Upper Tail = 7.744E-07
 



CT-TOX: BINOMIAL, MOVING AVERAGE, PROBIT, AND SPEARMAN METHODS
 
——————————————————-————————————«——•—————•———————•———————————————————___
 
MINIMUM REQUIRED TRIM IS TOO LARGE: 96.7,SO SK IS NOT CALCULABLE.
 

SPEARMAN-KARBER
 

TRIM: .00%
 
LC50: .000
 

95% LOWER CONFIDENCE: .000
 
95% UPPER CONFIDENCE: .000
 

CONC. NUMBER NUMBER PERCENT BINOMIAL
 
% EXPOSED DEAD DEAD PROB.(%)
 
6.25 30. 1. 3.33 .2887D-05
 
12.50 30. 1. 3.33 .2887D-05
 
25.00 30. 1. 3.33 .2887D-05
 
50.00 30. 1. 3.33 .2887D-05
 
100.00 30. 1. 3.33 .28870-05
 

THE BINOMIAL TEST SHOWS THAT 100.00 AND ̂ INFINITY CAN BE USED AS STATISTICALLY
 

SOUND CONSERVATIVE 95 PERCENT CONFIDENCE LIMITS SINCE THE ACTUAL CONFIDENCE
 
LEVEL ASSOCIATED WITH THESE LIMITS IS 100.0000 PERCENT.
 
THE LC50 FOR THIS DATA SET IS GREATER THAN 100.00
 

THE MOVING AVERAGE METHOD CANNOT BE USED WITH
 
THIS DATA SET BECAUSE NO SPAN WHICH PRODUCES
 
AVERAGE ANGLES BRACKETING 45 DEGREES ALSO USES
 
TWO PERCENT DEAD BETWEEN 0 AND 100 PERCENT.
 

NO CONVERGENCE IN 25 ITERATIONS. PROBIT METHOD
 
PROBABLY CAN NOT BE USE WITH THIS SET OF DATA.
 

DATE: 5/14-18/93 TEST NUMBER: 93-2044 DURATION: 96 HOURS
 
SAMPLE: GZA ELUTRIATE 21 SPECIES: FATHEAD MINNOWS
 

METHOD LC50 CONFIDENCE LIMITS
 
LOWER UPPER SPAN
 

BINOMIAL ******* 100.000 ******* *******
 
MAA ******* ******* ******* *******
 
PROBIT ******* ******* ******* *******
 
SPEARMAN .000 .000 .000 .000
 

**** = LIMIT DOES NOT EXIST
 



GZA ELUTRIATE SAMPLE HO. 21
 
FATHEAD MINNOW TEST HO. 93-2044
 

>SSTAB / CHI-SQUARE TESTS
 
OBSE IRVED FREQUENCIES
 

LIVE DEAD TOTAL 
CONTROL 29 1 30 
6.25% 29 1 30 
TOTAL 58 2 60 

CHI-SQUARE WITH CONTIKUITY CORRECTION FACTOR = .517, PROB.= .4720
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR •= .000, PROS.=1.0000
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail = .7542, Upper Tail = .7542
 

/ TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 29 1 30
 
12.5% 29 1 30
 
TOTAL 58 2 60
 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = .517, PROB.= .4720
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = .000, PROS.=1.0000
 

D.F. =1
 

FISHER EXACT PROBABILITY: Lower Tail = .7542, Upper Tail .7542
 

OJ.4VD / t~nj L— ovu4vnr< 
OBSER VED FREQUI SNCIES 

LIVE DEAD TOTAL 
CONTROL 29 1 30 
25% 29 1 30 
TOTAL 58 2 60 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = .517, PROB.= .4720
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = .000, PROB.=1.0000
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail = .7542, Upper Tail = .7542
 



GZA ELUTRIATE SAMPLE HO. 21
 
FATHEAD MINNOW TEST HO. 93-2044
 

————————————— CROSSTAB / CHI-SQUARE TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 29 1 30
 
50% 29 1 30
 
TOTAL 58 2 60
 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = .517, PROB.= .4720
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = .000, PROB.=1.0000
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail = .7542, Upper Tail = .7542
 

- CROSSTAB / CHI-SQUARE TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 29 1 30
 
100% 29 1 30
 
TOTAL 58 2 60
 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = .517, PROB.= .4720
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = .000, PROB.=1.0000
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail = .7542, Upper Tail = .7542
 



NEW ENGLAND BIOASSAY ACUTE TOXICITY DATA FORM
 
COVER SHEET FOR LC50 TESTS
 

CLIENT! CIA. Environmental £.. dubU TEST ID HO; ") 3 "
 

ADDRESS! 310 Keedhaa Street
 

Hevten Ppper rall«, KA 011(4
 

PROJECT MOl 1>3-017 

Kr. Tin Brig-n
 

^ / /
SAMPLE TYPEl Sedljnent Elutriat* COLLECTED OK l ft /I 9 SDATE1 ATI 

DILUTION WATER COU7.CZI KEB ArtHleal Tr«ah«at«r COMPOSITE SAMPLE 
COLLECTED TROMl tPATElATl 

IWVERTE3RATE VERTEBRATE
 

TTPE Of TEST TEST SET DP (TZCH. IKIT.)t_ TT7E Of TEST TEST SET V? (TECH. IMIT.jl
 

PEflHITIVE rxi SCRIEK f 1 RAKCE f 1 KIXEVAL f ^ PETIKITTVE tXl SCREEK t 1 RAHCE f 1 REKEVX1. f 1
 

TEST SPECIES! Cariodaphnla dubta TEST SPECIES! Fathead Kinnova fPiaephalea proaelaal 

SOURCE\NTS LOT I SOURCEXNIS LOT <l NTB\ *?"% — 11 (a A___________ 

AGE! < BOURS AGE!_____V______DAYS__________________ 

TEST SOLUTION VOLUME! TEST SOLUTION VOLUME! 700 (mL) 

NO. ORGANISMS PER TEST CHAMBER! HO. ORGANISMS PER TEST CHAMBER! 10_____ 

NO. ORGANISMS PER CONCENTRATION! HO. ORGANISMS PER CONCENTRATION! __ 

KO. ORGANISMS PER CONTROL! HO. ORGANISMS PER CONTROL! ___________ 

START DATE! 5"/7V7V ? AT _ (honri) START DATE! r/fe^ S7/<//33 AT /OVO (houra) 

END DATE! *?!'' AT (houri) END DATE! l1-^£//7/$3 AT (hour.) 
• t
 

LABORATORY VATER
 

ARTiriCIAL rVi KEB Batch EARDKZSSI ALKALINITY!
 
(m<j/l aa CaCOj) (ag/1 a. 

INITIAL 100% ELUTRIATE CHEMISTRY TECHNICIAN INITIALS!
 

KARDHZSS (»<j/L a< CaCO})i -~>O AXLAIHITT ("9/L aa CaCOj)! g"O ——— 

TEMPERATURE ('C)l 2_ *A t>O pS (SU)l ~~1 _ "2> TRC (ng/i): —— •
 

DISSOLVED OXYGEN (aij/l)1 —J Q CONDUCTIVITY (pahoa/cnji i «^ Q AMMONIA (09/1)1 "
 

SAMPLE COLOR! TECH. DAPENtA 00 El t^~) 14. H:/HS 4> H: f̂ l̂ 
 
l«lf•
 I l l l l l l l l l l I I I I I H I I I
 

AERATION REQUIRED! YES ( ] HO ( ] risa 00 El -frt 2< E: -T̂.' 4« Bl -]")-(
 

RESULTS OF C«riod«phnlt dubU LC;o TEST RZSPT.TS Of Pigeph4le« oroael«« LCtn TEST 

KET8OD LCjg (I) J3t COKTIDEKCE LIMITS (t) KETBOO LCSO <t) 15» COKTIDEKCE LIMITS <%) 

BIKOMIAL OISTRIB17TIOK1 Vn D A Sb 2. S — BINOMIAL DISTRIBUTION! ________ ________________________ 

MOVIHO AVERAGE-ASCLE: HOVIKC AVESUkCI-XSCLI: ________ _________________________ 

PROBITl 37.g - > \oo°/o PROSIT! _______ ______________________ 

TRIMMED SPEARMAN KARBERl 38.0- q\.^% TRIMKED SPEARHAM KARBQl!
 

OTHER! ______________ OTHZRI
 

NOAZt! _________\ ~j_ HO ATL!
 

HOAZH KO-OBSERVED-ACUTE-ErrECT LEVEL 

ANIMAL COHDITION/BEBAVIOR!_________ 

t_tS/ m<3>
 
rn. TO
 

REVIEVED BY I 

http:RZSPT.TS


Test ID f / 0 **O\O T
 
NEW ENGLAND BIOASSAY
 
ACUTE TOXIC1TY DATA COC * Î R̂ T
 

Proj # 193-017
 

G2A Environmental Test Species :Ceriodaphnia dubia Start Date: n\JT 5" H 43 at /OS ̂.
 
S*
 

Elutriate sSamole irp1! Diluent: Dilute Mineral Water End Date:S«o 5 Itfh? at 1 V--)
 
Concentration No. of Live Dissolved oxygen Temperature pH Cond 
or Dilution Organisms mg/1 •c pmhos 

0 24 48 72 96 0 24 48 72 96 0 24 48 72 96 0 24 48 72 96 

DMW CTL A 5 ^ x 7.7 fib7$ H\ 245 7-8 //•7
 
B 5 $ 

s 
74 #(•£ 7.8
 

C 5 T-f
 5 <( ?H5 7-4
 
D 5 5 f 7M Oijii
 
E	 5 ')(J C5 ^ 7-H 7.4 

5F *i <	 1.51 3-1.5 7k 
6.254 A 5 1 ol 1-? 7-A 5f.l j,|5 78 7.̂  HI 

B	 5 5 ^	 7.2 p'/.T 7-?T 
C 5 * ^ fl i(0 7$
 
D 5
 5	 5 7-M ^.to 79 

^E	 5 7?. ^/r 7-5 
F	 5 L|5 74 H/P 7-ff
 

12.5% A 5 L| if 7.7 7.4 3f.t ^/.^ 7-7 7°! H9
 
B .	 5 5	 ̂  / O fl'J-f /7C| 
C	 5 0 i l 5 ^ ^«/5 7.°|
 
D 5 5* 74 Oi/^)
5	 7^ 
E	 5 5" 4 7-^ P^ 7.^ 
F	 5 1 3 2'^ 7.̂  

Tech Initials Mi rt 3> H^ 
Data Reviewed by:.	 Dates 



NEW ENGLAND BIOASSAY 
ACUTE TOXICITY DATA 

Teat ID t 

9*3 

Client! G2A Environmental Test species iCeriodaphnia dubia start Datet S'//̂ /fir3 

Proj t 193-017 

at lOfr 

Sample!Elutriate;Sample JP Diluent; Dilute Mineral Hater End Datet at //f5 

Concentration 
or Dilution 

No. of Live 
Organisms 

Dissolved Oxygen 
mg/1 

Temperature
•c 

pH Cond 
pmhoa 

0 24 48 72 9fi 0 24 48 72 96 0 24 48 72 96 0 24 48 72 96 

7u 12 '/./ 7-7 fl* 
25% A 5 a
5 /2.T
 ^ 

7°) B 5 5 4 Tl 345 

6 
t 
$
$
 

T
5 73 3^ 7°)
7,^ 

C 

3
5 71
 D 
^5 

3
E 5 13 '̂1 7^ 
5 ^ •̂f 7.9 F q


3
 ^(A
 7'/
 5 •j.4
 ^ 1-1
 7*? /3^
 q
5 

50% A 

4
5 1-2
B 
?f,f 7?J 

C 5 5 £ 

i-a
5 '•1 a 7.o ™ 

n
n 
w

M

nfw 
w

K
M 

W>

ffi
rt


^
 
7,^
 
7-?
 
7.»
 

7-3 7R A-f
 
7.?
 
7.2^
 

D 5 <f £ 
E 5 5 4 
F 5 4 3 

^
100% A 

B .5 ,3 1 7.31 
M i 7.3
 C 5 

D 5 3 i 7.5 75
 
E 5 M a 7.1 I**
 
F .5 5 -3 7,H 3'H 7% 

Tech Initials ft> tf> H^ 
Data Reviewed bys. Datei 



Test ID #_3L3ji20.M8' 
NEW ENGLAND BIOASSAY 

ACUTE TOXICITY DATA coc i <^3' \S3 
Pr o-l f 193-017 

Clients GZA Environmental Teat species: Pimephalea promelaa Start Date • ̂ jT -S7////.3 at yW"*Vovfo 
Sample : Elutriate! sample =t 2.<4 Diluent: Dilute Mineral Water End Dates YbCS S/ftfffl at //^ 

Concentration £^\ No. of Live Dissolved Oxygen Temperature Cond P« 
or Dilution 3—' organisms mg/1	 "C 

A'lif CO**.\**r tJT~3 

0 24 48 72 96 0 24 48 72 96 0 24 48 72 96 0 24 48 72 96
 

DMW CTL A 10 9, 1 7
10 /O to /o 77 7.2 ft/.V? 7 I •*n V7 X? o,|l 9V 7? Tf 7V 1°l /& 
B 10 10 /O /c 10 (0' W «,& 7.^ X7 af$ 2V. <( 15 7^ ?.S ?Y Ml*

1c 10 ID >0 )b (0 1.1 If. / w*HI w* fn ?/' ?V 7.5 7.7 v.a ^y?,?
6 . 2 5 %	 A 10 10 10 lo 1° 7-1 7-7 l.o 7O T-.3 Wl 3^ 3H^ ^r.«» 7? 7.6> 1.8 n.e ?./ I/J
 

B 10 7* •=? <} Q 74 &.* ^ 7^ tf.B ^<?:/ 7-(j> 7.B 7.8 7.c
 tATtfe 

10 c 10 10 /o J° ;.•/ &.Q ^ 7,} tf£ mJL|.?5 O*/ 7.6> 7-8 7C/ 75" 
12.5%	 A 10 10 10 /o (0 * 7.'/ ^.0 7,' <s tf? J¥.b AH.b 0 V 7.(j> 7.8 7.^ 7-i" f

B 10 f <} 1 Q 77 76 b-8 'l-l 7.-L mM7 m 2/.1 77 7.6> 7.8 7-? 7-5" //9 
c 10 10 10 ;a /o 71/ 6.6 ^cl 7-^- Ml •tf.t. .̂t i/f 7-0> 7-8 7.1 ;.r 

25% A 10 10 10 I* 10 7.fc 7.V 6.8 ^•ft r?-3 HI tfg #.3 w-fe 3/0 7-7 7.7 7? 7? 7-r 175 
B 10 jO 10 10 7<i 6-0 <P.ft 7.3 ft! 2*J ^V,fc 7.7 7? 7-f 

Jtf~\e{. f '^J C 10 ^ 1 7 r 7.5 6-8 t^> 1-3 rti ^.7 2^/i 7-7 7.? 7.1
 
50% A 10 10 10 10 /o 7/ 7.? 6-8 5-1 7.° IM i(7-b .̂•& 2/4 ?•/ 77 75 7,7 7-f (3<o
 

B 10 ID 10 10 (0 Z^ 66 C^ av.7 Mtf >f.l Ml 7.6, 78 7.6 ^.5t f l
 
C 10 

1 (A) 7 *l ?'' 7.0 &.B c.ft 7-1 Ms we ̂ f.fc T-U 7.7 79 7.7 ^.t
 
100% A 10 

ffo <7 <j fir- 7.0 1.0 (e.2 (,<\ ^k> M.I |̂.b M 7.3 7.y 7,0 7(°f ?-3 ISt]
 
B 10	 ID id 10 10 6.3 &.4 (,.<?> tv M6 m JP/.7 1t^ 23 7^ 7.1 7.3 

10	 / f/C 10 10 jb 10 7<b 7 »7 ^ t.r n& &~i 3ff.(o w> 76 7? ?•/ 
Tech initials 1M n HI fr KU 

iData Reviewed by: i/TTWi Ls (-^fjtr>^~&.	 Dat at £*/ /*)/<}">,
//) 

http:3L3ji20.M8


CT-TOX: BINOMIAL, MOVING AVERAGE, PROBIT, AND SPEARMAN METHODS
 

SPEARMAN-KARBER
 

TRIM: 33.33%
 
LC50: 58.947
 

95% LOWER CONFIDENCE: 38.026
 
95% UPPER CONFIDENCE: 91.379
 

CONC. NUMBER NUMBER PERCENT BINOMIAL 
% 

6.25 
EXPOSED 

30. 
DEAD 
5. 

DEAD 
16.67 

PROB.(%) 
.16250-01 

12.50 30. 5. 16.67 .16250-01 
25.00 30. 9. 30.00 .21390-1-01 
50.00 30. 13. 43.33 .29230+02 
100.00 30. 20. 66.67 .49370+01 

THE BINOMIAL TEST SHOWS THAT 25.00 AND ̂ INFINITY CAN BE USED AS STATISTICALLY
 

SOUND CONSERVATIVE 95 PERCENT CONFIDENCE LIMITS SINCE THE ACTUAL CONFIDENCE
 
LEVEL ASSOCIATED WITH THESE LIMITS IS 97.8613 PERCENT.
 
AN APPROXIMATE LC50 FOR THIS DATA SET IS 60.819
 

RESULTS USING MOVING AVERAGE
 
SPAN G LC50 95% CONFIDENCE LIMIT
 
2 .477 58.47 36.66 124.14
 

****** RESULTS CALCULATED BY PROBIT METHOD
 
ITERATIONS G H GOODNESS OF FIT
 

3 .190 1.00 .66
 

SLOPE = 1.22
 
95% CONFIDENCE LIMITS: .69 AND 1.76
 

LC50= 57.79
 
95% CONFIDENCE LIMITS: 37.84 AND 121.45
 

LC1 = .72
 
95% CONFIDENCE LIMITS: .04 AND 2.34
 

DATE: 5/14-16/93 TEST NUMBER: 93-2047 DURATION: 48 HOURS
 
SAMPLE: GZA ELUTRIATE 24 SPECIES: Ceriodaphnia dubia
 

METHOD LC50 CONFIDENCE LIMITS
 
LOWER UPPER SPAN
 

BINOMIAL 60.819 25.000
 ******* *******
 
MAA 58.470 36.655 124.143 87.487
 
PROBIT 57.794 37.843 121.453 83.610
 
SPEARMAN 58.947 38.026 91.379 53.353
 

**** = LIMIT DOES NOT EXIST
 



CZA ELUTRIATE SAMPLE HO. 24
 
CERIODAPHNIA DUBIA TEST HO. 93-2047
 

- CROSSTAB / CHI-SQUARE TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 29 1 30
 
6.25% 25 5 30
 
TOTAL 54 6 60
 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = 1.667, PROB.= .1967
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = 2.963, PROB.= .0852
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail = .9881, Upper Tail = .0973
 

——————————————— CROSSTAB / CHI-SQUARE TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 29 1 30
 
12.5% 25 5 30
 
TOTAL 54 6 60
 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = 1.667, PROB.= .1967
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = 2.963, PROB.= .0852
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail = .9881, Upper Tail = .0973
 

—————————————— CROSSTAB / CHI-SQUARE TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 29 1 30
 
25% 21 9 30
 
TOTAL 50 10 60
 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = 5.880, PROB.= .0153
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = 7.680, PROB.= 5.584E-03
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail = .9996, Upper Tail = 6.091E-03
 



GZA ELUTRIATE SAMPLE HO. 24
 
CERIODRPHNIA DUBIA TEST NO. 93-2047
 

- CROSSTAB / CHI-SQUARE TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL 
CONTROL 29 1 30 
50% 17 13 30 
TOTAL 46 14 €0 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = 11.273, PROB.= 7.863E-04
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = 13.416, PROB.= 2.495E-04
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail =1.0000, Upper Tail = 2.155E-04
 

- CROSSTAB / CHI-SQUARE TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 29 1 30
 
100% 10 20 30
 
TOTAL 39 21 60
 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = 23.736, PROB.= 1.105E-06
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = 26.447, PROB.= 2.710E-07
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail =1.0000, Upper Tail = 3.09 IE-06
 



CT-TOX: BINOMIAL, MOVING AVERAGE, PROBIT, AND SPEARMAN METHODS
 
—— — — ̂ -—»••_..«_*_________**_.,»——•.—.•.•»«„»__._•-••—..«—»_______*•__...•_•_____._•__*___-— — — — .—— — — ___________ ___-_ -•____
 

MINIMUM REQUIRED TRIM IS TOO LARGE: 93.3,SO SK IS NOT CALCULABLE.
 
SPEARMAN-KARBER
 

TRIM: .00%
 
LC50: .000
 

95% LOWER CONFIDENCE: .000
 
95% UPPER CONFIDENCE: .000
 

CONC. NUMBER NUMBER PERCENT BINOMIAL
 
% EXPOSED DEAD DEAD PROB.(%)
 
6.25 30. 1. 3.33 .2887D-05
 
12.50 30. 1. 3.33 .2887D-05
 
25.00 30. 2. 6.67 .4340D-04
 
50.00 30. 2. 6.67 .4340D-04
 
100.00 30. 2. 6.67 .43400-04
 

THE BINOMIAL TEST SHOWS THAT 100.00 AND +INFINITY CAN BE USED AS STATISTICALLY
 

SOUND CONSERVATIVE 95 PERCENT CONFIDENCE LIMITS SINCE THE ACTUAL CONFIDENCE
 
LEVEL ASSOCIATED WITH THESE LIMITS IS 100.0000 PERCENT.
 
THE LC50 FOR THIS DATA SET IS GREATER THAN 100.00
 

THE MOVING AVERAGE METHOD CANNOT BE USED WITH
 
THIS DATA SET BECAUSE NO SPAN WHICH PRODUCES
 
AVERAGE ANGLES BRACKETING 45 DEGREES ALSO USES
 
TWO PERCENT DEAD BETWEEN 0 AND 100 PERCENT.
 

NO CONVERGENCE IN 25 ITERATIONS. PROBIT METHOD
 
PROBABLY CAN NOT BE USE WITH THIS SET OF DATA.
 

DATE: 5/14-18/93 TEST NUMBER: 93-2048 DURATION: 96 HOURS
 
SAMPLE: GZA ELUTRIATE 24 SPECIES: FATHEAD MINNOWS
 

METHOD LC50 CONFIDENCE LIMITS
 
LOWER UPPER SPAN
 

BINOMIAL ******* 100.000 ******* *******
 
MAA ******* ******* ******* *******
 
PROBIT ******* ******* ******* *******
 
SPEARMAN .000 .000 .000 .000
 

**** = LIMIT DOES NOT EXIST
 



GZA ELUTRIATE SAMPLE HO. 24
 
FATHEAD MINNOW TEST HO. 93-2048
 

- CROSSTAB / CHI-SQUARE TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL 
CONTROL 30 0 30 
6.25% 29 1 30 
TOTAL 59 1 60 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = .000, PROS.=1.0000
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = 1.017, PROB.= .3132
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail =1.0000, Upper Tail = .5000
 

- CROSSTAB / CHI-SQUARE TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 30 0 30
 
12.5% 29 1 30
 
TOTAL 59 1 60
 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR .000, PROB.=1.0000
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR 1.017, PROB.= .3132
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail =1.0000, Upper Tail = .5000
 

- CROSSTAB / CHI-SQUARE TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 30 0 30
 
25% 28 2 30
 
TOTAL 58 2 60
 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = .517, PROB.= .4720
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = 2.069, PROB.= .1503
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail =1.0000, Upper Tail = .2458
 



GZA ELUTRIATE SAMPLE HO. 24
 
FATHEAD MINNOW TEST HO. 93-2048
 

OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 30 0 30
 
50% 28 2 30
 
TOTAL 58 2 60
 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = .517, PROB.= .4720
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = 2.069, PROB.= .1503
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail =1.0000, Upper Tail = .2458
 

- CROSSTAB / CHI-SQUARE TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 30 0 30
 
100% 28 2 30
 
TOTAL 58 2 60
 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR .517, PROB.= .4720
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR 2.069, PROB.= .1503
 

D.F. =1
 

FISHER EXACT PROBABILITY: Lower Tail =1.0000, Upper Tail = .2458
 



,NEW ENGLAND BIOASSAY ACUTE TOXICITY DATA FORM
 
COVER SHEET FOR LC50 TESTS
 

CLIEHTl C2A Environment*! dubU TEST ID H0» ? " 

ADDRESSI 3?0 Eeedha- Str««t £i Preaelai TEST ID EO» / ?) ~ 7 ^ 

Kgxton Upper f«U«. KA 02U4 

PROJECT HO: H3-017_ 

CONTACTI Hr. Tla 

SAMPLE TTPEl Sediment Elatrlat* C. \ Ik. H \T<r ) 

DILUTION VATER SOURCE! KT5 Ajtlfiol. rr«»hvtt«r COMPOS ITT SA.M7LE 
COLLTCTTO TROKl 

INVERTEBRATE
 

Tin or TEST TEST SET O7 (TECH. IHXT.)I TT7E or TEST TEST SET OP (TECE. IXIT.) < *?? 

fXI SCREEK f 1 BAMCE f 1 r i DErlNITrVE fXI SCREEN f 1 RA.1CT f 1 RTVEVAI. t 1 

TEST SfgCIZSl C«riodtohnlt TEST SPZC1ESI rathead Kinnov* (?jjnephale» proncl**)
 

LOT KTB\
 LOT », KEB\ 93-H5"-AfO________
 
AC;; < ;« ACII_____J_____DATS________________
 

TEST SOLUTION VOLUMEI 3( TEST SOLUTION VOLUMEI 700 (a!.)
 

HO. ORGANISMS PER TEST CBAMSSRl _____'. HO. ORGANISMS PER TEST CEAH3ER1 10_____
 

HO. ORGANISMS PER CONCENTRATIONl -X HO. ORGANISMS PER CONCEKTRATIONJ •+»- "5 C?
 

KO. ORGANISMS PER CONTROL! -X HO. ORGANISMS PER CONTROL! •»»- BO
 

START DATE! fT//>/1$ 3 AT /US' (houn) START DATE! £~/W/ff AT _J'/OO (hour.)
 

EHD DATE. ^i L'Wfr AT ( I 3C (houri) END DATEI -?//«/£3 AT I ' ̂ S (hour.)
 
I
 

UJORATORT VATTR
 

ARTirlCIAI. rvi KES »«teh t T ̂  "" 0 b ? EARDKESSl AUCALIHITTl
 
C*C03)
 

INITIAL 100% ELUTRIATE CHEMISTRY TECHNICIAN INITIALS;
 

BARONESS (ng/L •« C*COj)l *^> 7 , AJUAINITY (mg/L «« C«COj)J 4-\ <g~ ———
 

TEMPERATURE (*C)1 O (J "̂ pH (SU)l "~7-^ TRC (ng/l)i - ——
 

DISSOLVED OXYGEN (mg/1) 1 1 /--j COKDUCTIVITT (>m}vo«/ca)l \ t^A AMMONIA (mg/l)i . __ .
 

SAMPLE COLOR! TECB. DAP2HIA 00 E: M̂ J 14 E= (̂̂  48 „: MC- ||||||||||| ||||||||||

IKZT
 

AERATION REQUIRED! TES [ J HO ( J risi 00 ^f.ficL j< i.-fH 4i E. -fH «*' ,«/•£, »«ŷ r̂.
 

RESULTS or Ceriod»ohnl« dtlbU LC«, TEST RZSULTS or Plaeoh«le« proo«la« LC5fl TEST 

KETHOO LCSO («) >5> COHTIDEHCE LIMITS (I) LIXITS (») 

BIMOK1AL DISTRI8UTIOMI _____ ______________________ BINOMIAL DIST!lIB<7TIOKl 

MOVING AVERAGE-AHGLEI _______ ________________________ KOVIHG AVIRAGE-AMCLE I 

PROBITl ________ ___________,_________ PROBITl 

TRIMMZD S7EARMAN XARSERl ______ ______________________ TRIMMED SPEARMAN KARSSRt
 

OTHER. LC TO OTHTRl
 

KOAZL-. ____________52 .2 HOA-L:
 

HOAZLt KO-OBSERVED-ACUTE-ErrECT LEVEL
 

ANIMAL CONDITION/BEHAVIOR!_____________
 

ro
 

REVIEVro BTt
 



Teat ID t
 
NEW ENGLAND BIOASSAY
 
ACUTE TOXICITY DATA coc f
 

Proj f 193-017
 

Client! GZA Environmental Test SpeciesiCeriodaphnia dubia Start Dates. _at_
 

SampleiElutriata;Sample Diluent; Dilute Mineral Water End Date: at
 

Concentration No. of Live Dissolved Oxygen •. Temperature PH Cond 
or Dilution Organisms mg/1 •c 

0 24 48 72 96 0 24 48 72 96 0 24 48 72 95 0 24 48 72 9 

5
$

jy.y
 tfC7-4
 5 77
 /// DMW CTL A ^ 7f 7,* 
7-4
 5 •5
B ffl 7ft 

c 5 ^ fil •Tf 
5 74 Xft 
•? M$ 7H 

F 5 5 5 74 ^ 7tf 
6 . 2 5 % A 5 7.? 5 5 7-7 74 ?v(/ JM-0 7.°) //r 

B 5 5 71 JPf-l 
C 5 H 74 ^J ?.Q 
D 5 5 CJ JM. j73 flp (7 ^O 

5
5

D 5 

5E 

6
 5 74 $.2 ?.o
 E 5 

F 5 5 5 74 •̂̂ U-0 
a|? ?^i>
 5 7>
 5

f
 
12 .5% A 5 7-1
 7-7 ?-0 A^
 

3
5 7.5
 B ("•f* ?0 
^j,q C 5 H 7.H ?0
 

S3
 7.4 W 7.9
 D 5 

5
E 5 3 79
 
F 5 5 7«4 ^.1 

Tech Initials W rb ^ 
Data Reviewed by:. Date! 5"// 9X^J
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îr 

.£ 

K
CO cr V* C^ cs«, •̂  o- cr Or cr <r O~ C^ cr C7~ j~ r- c~- 3 -S -s 

. — a. c> r~ > r- r- r t^ tr- ^~~ C"~ ^ r^ ^~ ~~ ~~- ^» '̂ ^ 
"C «r	 ^W~i	 I" CH 

o a ^x	 S~i4J 4-1 o<a « 
Q Q r^	 S o 

\o	 <a 
4J •a <r\	 o 
U w 
4J o CN
 
M u t—
 •a 
« o CO ex cc __ ^ „_ ._. o _ ._.e-^i — _. — r< ^ fO (~r. PC 
•H u	 l-l U T 
.0 «	 o « •£ ^ ^ ? fj B ffi oe Os- ex O£ OS ^ ft ^^ c£ cx 
•o 0 ^T t	 T

<d s ^ <N
 

C a v^> b-»
 
Wl O	 *^ o 0	 ^ r* 

•a to o s 0\ —< . 1 ^ 
« 0	 I\ 

a 4- C7> <N
 
l~
J?	 ^ o a Q S3	 .̂ ^ «. 

TJ^I f -r "T 1 <K- r< 1 c« ^0 c^ <79 vn ~ °? 
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Test ID f ^3-20^1 
NEW ENGLAND BIOASSAY 

ACUTE TOXICITY DATA COG f °& - 1$^$ 

Pro-i I, 193-017 

Client: GZA Environmental Test Species iPimephales promelas Start Date : SJtyfo at //(JO 

Diluent: Dilute Mineral Water End Date , ^y^<?3 at ///r Sample: Elutriate: Sample "fl "to 

Concentration /2\ No. of Live Dissolved Oxygen Temperature • •  • p  H Cond
 
or Dilution U~J organisms mg/1 •c jjmho
 

SFf £&WL4?ttvr3 

0 24 48 72 96 0 24 48 72 96 0 24 48 72 96 0 24 4 7 9 

DMW CTL A 10 /O 10 \b 16 ?,T ni. *.;r. &.b 7.1- 70 M M 5V. zy ?J-6 V 7/5 7.o 7/ 7- /// 
B 10 ^X °\ 7 9 (O.I foV 73 7.1 $tf 5Y.6 Zf. H 75 7.3 7- 7
C 10 1" °l 7 q 7. a 4,^ 1.1 7-1 •^ c?/-6 ^2ic 7.«p 7-V 7.1 7-3.
 

6.25% A 10 /o /o /^ l° 1-1 T* £.6 •?M 7-3 W^^aM.7 M/ l.<i 7k 7.<^ '11 73 t'f
 
B 10 to /o 10 /° 7.0 6.B 7-1 7-3 & <?V.f a1).! jil-i 7.& 77 7.a 73 
C 10 lO /o 10 /O 7.0 6.6 U 74 Mb <#7 *n ?• L ?.(. 7.7 7^ 7-3 

12.5% A 10	 A10 f° 16 /o "?.(, 6tf ^.& 1,< 1* *h M o?y.7 *j.7 ^ 77 7-6- 7.7 7.̂ - 7.3 m 
B 10 10 /o /O /o 1.0 ^.6 7-1 7o W-7 .̂8 SW.1 M5 7.fo 7,7 f> "i 1.3 ii ok 

C 10 10 /D /O (0 I?'/, b-i 1.«5 70 •̂1 »y.a .̂7 ̂ .5 7. 1/ 70 7.^ 7-3 
(2)	 25% A 10 10 to lo K> *f (.-* b.t> 7.C, 7-0 W&1.o>/7 3VV ^7c 7.̂  7.5 7.3 70 /?.t. 

10 '0 10 /o 6.4 (e.% 7.0> 7-o ?|.tc m^i.5 .̂3 75 7-7 7,3 7-3 
10 C

B 10 

f ? <\ ^ ~l<6 kft {>.& 1-^ 7-1 i jn &13% 2-J.-I 75 7-7 7.5 7^ 
50* A 10 f*>	 (0 /o 10 /o T-.o j.o ̂  6fl 6.0 -Htf ?4B M -H7 •1.6- 7-^ 7-^ 76 7-3 7.0 131 

B 10 10 ^ 1 ^ (*3 l.t r^ ^.2 ^8 3fA ^n Kfc 75 7.7 7-/ 
C 10 10 Io /^) io ..5 M ^ l.o ^ MB ?f.^ 1•5 7-S 7.7 

2
7-1/

7 
7.̂  

^£\ 100% A 10 8* & V ? 6.0 w b.7 ^ fl '̂ tyl W3 H.T ^ ?.</ ^ 7./ .?, •7 faf 
B 10 7* & > 1 w &.' n^ (,.? M </•! YI7 ^ ^.6> 7.0 -^ i 
C 10 5* 6 r <> 5.«i (t.t* i.^ 77 W 2/3 W.i» L 1 .(p 7.1 .0 6.? 

Tech initials 1̂ •rtf 77/ A^& &* 

-- ~evie---J by:^ ' 



CT-TOX: BINOMIAL, MOVING AVERAGE, PROBIT, AND SPEARMAN METHODS
 

MINIMUM REQUIRED TRIM IS TOO LARGE: 68.3,SO SK IS NOT CALCULABLE.
 
SPEARMAN-KARBER
 

TRIM: .00%
 
LC50: .000
 

95% LOWER CONFIDENCE: ,000
 
95% UPPER CONFIDENCE: .000
 

CONC. NUMBER NUMBER PERCENT BINOMIAL
 
% EXPOSED DEAD DEAD PROB.(%)
 

6.25 30. 1. 3.33 .2887D-05
 
12.50 30. 8. 26.67 .80620+00
 
25.00 30. 9. 30.00 .2139D+01
 
50.00 30. 10. 33.33 .4937D+01
 
100.00 30. 9. 30.00 .2139D+01
 

THE BINOMIAL TEST SHOWS THAT 25.00 AND +INFINITY CAN BE USED AS STATISTICALLY
 

SOUND CONSERVATIVE 95 PERCENT CONFIDENCE LIMITS SINCE THE ACTUAL CONFIDENCE
 
LEVEL ASSOCIATED WITH THESE LIMITS IS 97.8613 PERCENT.
 
THE LC50 FOR THIS DATA SET IS GREATER THAN 100.00
 

THE MOVING AVERAGE METHOD CANNOT BE USED WITH
 
THIS DATA SET BECAUSE NO SPAN WHICH PRODUCES
 
AVERAGE ANGLES BRACKETING 45 DEGREES ALSO USES
 
TWO PERCENT DEAD BETWEEN 0 AND 100 PERCENT.
 

NO CONVERGENCE IN 25 ITERATIONS. PROBIT METHOD
 
PROBABLY CAN NOT BE USE WITH THIS SET OF DATA.
 

DATE: 5/14-16/93 TEST NUMBER: 93-2045 DURATION: 48 HOURS
 
SAMPLE: GZA ELUTRIATE 30 SPECIES: Ceriodaphnia dubia
 

METHOD LC50 CONFIDENCE LIMITS
 
LOWER UPPER SPAN
 

BINOMIAL ******* 25.000 ******* *******
 
MAA ******* ******* ******* *******
 
PROBIT ******* ******* ******* *******
 
SPEARMAN .000 .000 .000 .000
 

NOTE: MORTALITY PROPORTIONS WERE NOT MONOTONICALLY INCREASING.
 
ADJUSTMENTS WERE MADE PRIOR TO SPEARMAN-KARBER ESTIMATION.
 

**** = LIMIT DOES NOT EXIST
 



GZA .ELUTRIATE SAMPLE HO. 30
 
CERIODAPHNIA DUB I A TEST NO. 93-2045
 

OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL 
CONTROL 30 0 30 
6.25% 29 1 30 
TOTAL 59 1 60 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = .000, PROB.=1.0000
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = 1.017, PROB.= .3132
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail =1.0000, Upper Tail = .5000
 

/ CHI—SQUARE TESTS •——— —————————————
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 30 0 30
 
12.5% 22 8 30
 
TOTAL 52 8 60
 

CHI-SQUARE WITH , CONTINUITY CORRECTION-FACTOR = 7.067, PROB.= 7.850E-03
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = 9.231, PROB.= 2.380E-03
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail =1.0000, Upper Tail = 2.288E-03
 

—— ——————————————— «_ivj&j>j.<»uj / v*n.L— oyuAnc.
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 30 0 30
 
25% 21 9 30
 
TOTAL 51 9 60
 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = 8.366, PROB.= 3.823E-03
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = 10.588, PROB.= 1.138E-03
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail =1.0000, Upper Tail = 9.678E-04
 



CZA ELUTRIATE SAMPLE HO. 30
 
CERIODAPHNIA DUBIA TEST NO. 93-2045
 

OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 30 0 30
 
50% 20 10 30
 
TOTAL 50 10 60
 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = 9,720, PROB.= 1.823E-03
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = 12.000, PROB.= 5.320E-04
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail =1.0000, Upper Tail = 3.985E-04
 

- CROSSTAB / CHI-SQUARE TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 30 0 30
 
100% 21 9 30
 
TOTAL 51 9 60
 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = 8.366, PROB.= 3.823E-03
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = 10.588, PROB.= 1.138E-03
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail =1.0000, Upper Tail = 9.678E-04
 



CT-TOX: BINOMIAL, MOVING AVERAGE, PROBIT, AND SPEARMAN METHODS
 

MINIMUM REQUIRED TRIM IS TOO LARGE: 53.3,SO SK IS NOT CALCULABLE.
 
SPEARMAN-KARBER
 

TRIM: .00%
 
LC50: .000
 

95% LOWER CONFIDENCE: .000
 
95% UPPER CONFIDENCE: .000
 

CONC. NUMBER NUMBER PERCENT BINOMIAL 
% 
6.25 

EXPOSED 
30. 

DEAD 
0. 

DEAD 
.00 

PROB. (%) 
.93130-07 

12.50 
25.00 
50.00 

30. 
30. 
30. 

0. 
1, 
1. 

,00 
3.33 
3.33 

.93130-07 

.28870-05 

.28870-05 
100.00 30. 14. 46.67 .42780+02 

THE BINOMIAL TEST SHOWS THAT 50.00 AND -(-INFINITY CAN BE USED AS STATISTICALLY
 

SOUND CONSERVATIVE 95 PERCENT CONFIDENCE LIMITS SINCE THE ACTUAL CONFIDENCE
 
LEVEL ASSOCIATED WITH THESE LIMITS IS 100.0000 PERCENT.
 
THE LC50 FOR THIS DATA SET IS GREATER THAN 100.00
 

THE MOVING AVERAGE METHOD CANNOT BE USED WITH
 
THIS DATA SET BECAUSE NO SPAN WHICH PRODUCES
 
AVERAGE ANGLES BRACKETING 45 DEGREES ALSO USES
 
TWO PERCENT DEAD BETWEEN 0 AND 100 PERCENT.
 

NO CONVERGENCE,IN 25 ITERATIONS. PROBIT METHOD
 
PROBABLY CAN NOT BE USE WITH THIS SET OF DATA.
 

DATE: 5/14-18/93 TEST NUMBER: 93-2046 DURATION: 96 HOURS
 
SAMPLE: GZA ELUTRIATE 30 SPECIES: FATHEAD MINNOWS
 

METHOD LC50 CONFIDENCE LIMITS
 
LOWER UPPER SPAN
 

BINOMIAL ******* 50.000 ******* *******
 
MAA ******* ******* ******* *******
 
PROBIT ******* ******* ******* *******
 
SPEARMAN .000 .000 .000 .000
 

**** = LIMIT DOES NOT EXIST
 



GZA ELUTRIATE SAMPLE HO. 30
 
FATHEAD MINNOW TEST NO. 93-2046
 

- CROSSTAB / CHI-SQUARE TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL 
CONTROL 28 2 30 
6.25% 30 0 30 
TOTAL 58 2 60 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR .517, PROB.= .4720
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR 2.069, PROB.= .1503
 

D.F. «= 1
 

FISHER EXACT PROBABILITY: Lower Tail = .2458, Upper Tail =1.0000
 

- CROSSTAB / CHI-SQUARE TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 28 2 30
 
12.5% 30 0 30
 
TOTAL 58 2 60
 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = .517, PROB.= .4720
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = 2.069, PROB.= .1503
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail = .2458, Upper Tail =1.0000
 

- CROSSTAB / CHI-SQUARE TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 28 2 30
 
25% 29 1 30
 
TOTAL 57 3 60
 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = .000, PROS.=1.0000
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = .351, PROB.= .5536
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail = .5000, Upper Tail = .8814
 



GZA ELUTRIATE SAMPLE HO. 30
 
FATHEAD MINNOW TEST HO. 93-2046
 

ISSTAB / CHI-SQUARE TESTS
 
OBSE IRVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 28 2 30
 
50% 29 1 30
 
TOTAL 57 3 60
 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = .000, PROB.=1.0000
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = .351, PROB.= .5536
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail = .5000, Upper Tail = .8814
 

- CROSSTAB / CHI-SQUARE TESTS
 
OBSERVED FREQUENCIES
 

LIVE DEAD TOTAL
 
CONTROL 28 2 30
 
100% 16 14 30
 
TOTAL 44 16 60
 

CHI-SQUARE WITH CONTINUITY CORRECTION FACTOR = 10.313, PROB.= 1.321E-03
 

CHI-SQUARE WITHOUT CONTINUITY CORRECTION FACTOR = 12.273, PROB.= 4.596E-04
 

D.F. = 1
 

FISHER EXACT PROBABILITY: Lower Tail =1.0000, Upper Tail = 4.549E-04
 



NEW ENGLAND BIQASSAY ACUTE TOXICITY DATA FORM
 
COVER SHEET FOR LC50 TESTS
 

CLIE.fTl CIA Envl ronnent «1 -2o32
ADORiSSl 310 »«edh«j Street, 

KA e i l«4 

mOJZCI KOt H3-017 

COKTACTl Kr. tlm »rlgg« 
> iCD)nvCN I / x 

TT?n »«dln«n t llatri.t. iS«jml« Zs( \_C«tlV;r.»c e_X J COLLECTED OKI •fy/'Z/f-? fDATEIAIl 
DILOnOH VATS* SOTOCZI KES Aj-ttfic«l COM7OSITI *AX?LI

cotiicna rnoto 

f DM!} All 

IKVTRTISitArg 

TTTS Or TEST TICS. IXIT.>I TZST SIT O7 (TECS.  /M6" TISS SZST srr c? (TECS. IJIIT.II 
DErmrTm (Xi somx f l RA.VCT t i HZKSK»I. f 1 pr?rxmvr (Ti scaiiy t i RA.ICI f i i. f 

TEST S?ECIZS; C«rl<xJtphn: TSST Kinnev. 

- 1° ¥ or li_ 
AC;: < n ACZi 

TZST SOLUTIOS VOLOXZl (mi) TZST SO^IJTIOK VOtOCT! 700 (zl) 

KO. ORCA.XISKS ?ZK TZST HO. ORCAMISHS ?ZR Tzir czx-jra.! 10 
HO. ORCAXISKS ?SR COHCIKTAATIOMl -M. HO. OR.CAylSKS PZR COSCZK 

HO. ORCXXISKS IE*. COHTROLt -J» HO. OACAXISKS ?E^ COKTiC&Ll 30 

START DATE! / / IU.«T/ /3M^ AT /62-3 START DATE I______________ A7 

E!(D OATIl . JO/" .'5//5/?^
/ / 

 AT I (hour.) EXD DATE:______________ AT 

AXTiriCIAi KT» »«tch I 
(=5/1 »« C*CO3| 

INITIAL 100% ELUTRIATE CHZHISTRY TECHNICIAN INITIALS; 

EAX3KZSS <=9/L »« C*CO_)I ^f? WCLAIKITT (m?/L »« C4COj)l "2,<J^ ——

TEXPIRATWM ('C)l ——— ̂  2^ \° pS (SUj: (,-, _ J-, ——- T*C (=9/1)1 

DISSOLVED OXTCIX (=7/1)1 __ __ Z3 *~7 COKDUCTIVITt (V=>.o./c=). /̂ 5"5" AMMONIA (=9/1)1 ———~ 

SAX7LZ COLOR. TECS. DWEtIA oo E: /4(r 3« E: /-(£, 41 El H I I H I I H I I I I I I I H H 
AZUkTIOK KEQUtXZDi TES ( J KO ( yl THI 00 11 ^'/f- 24 E: 41 El 7 2 H > 

RSSOT.TS Of Ceriodtohnlt <iubl« tC;, TJS7 LC«n TIST 

KTIBOO \ LCSO (t) JS» COK7IOMCZ LIKItS COX7IDE3)C2 LIXITS («) 

BINOMIAL DISTTUBCIld 

MOVISC AVIWkCT-AXCLIl 

TRIKKIO S7IAR.MAS 

HO-OBSEaVED-ACUTE-E7rECT LEVEL
 

AMIHAL COKDITIOK/IEHAVIORl____________
 

KTSl_____________________
 

«. .<r// 

http:RSSOT.TS


Test ID i
 
NEW ENGLAND BIOASSAY 

ACUTE TOXICITY DATA COC f 

CTA- r s\ I / • _/ Client» vD C.̂ i crfli/ir&Htut. Teat species ; C • A>>b'*- start Datet Tfrf r/t3/91 

Sample: Diluent» End 

Concentration No. of Live Diaaolved Oxygen Tamperaturo P" Cond
 
or Dilution Organisms mg/1 •C pmhoD
 

0 24 40 72 96 0 24 48 72 96 0 24 40 72 9G 0 24 40 72 9
 

/>X4cJ> /̂  r r ") 7-6 7^ #0 *# 7.7 / 6.8 111)
 
5 r r 5 76 .̂ 7.0
 
C •̂" r 5 7.6 -W^ 7.6
 
h .r 3" #,o 7̂ 7.2
 f
 
r 3" r b fto 5K7 7.8
 
P .$" y 5 Ao SfJ 7.9
 

lOM* r r f 3:7 &> /̂ m a 7.9 /55
 
5 r r ,? 5.0 X"? 7.? 5 or<:pnt!rt> OtJ 

C r 3' ̂  8./ ?$;o 7-9 
/> r ̂ 5 7.6> .̂0 8.0 
r J" J" 3 ^ &b 8.0
 
•F r Ĵ  3 8,d Mo 8,0
 

Tech InitialsI Af-r1 n̂s 1 1 1 1
 

Reviewed byi Date; 



NEW ENGLAND BIQASSAY ACUTE TOXICITY DATA FORM
 
COVER SHEET FOR LC50 TESTS
 

CLinrn CZA tnvlrona«nt«l C. <jubl« TEST ID XOl 

ADORZSSl t. pronelti TEST IO HO:_ 

COC XOt 

PROJECT »0l HI-817 

CONTACT1 Hr. Tia »rtgg« • 

SAK7tZ TT7EI Etutrlat* COU2CTTD CKl_ fOATS I ATI*S*' 
WATER SOORCIi KZS ArtUleit rr.«h««t«r COM7OSITS 

TY?S Of TIST TIST Srr C7 (TTCI. IKIT.ll TEST srr 07 (TECI. INIT.)I /O 
f iiPET-IKITIVI fXl SCHJIM f \ KAMCT ( 1 RZXIVXI. f 1 acasrxxr  r RAXCRAXCII ff ii myrvvi. f \ 

TZST SPtCIISl CirltxJcohnlt dubl» TSST S7ECIIS
 

LOT «i'Kia\_______
 

TIST soLirriOK VOLOKII 
KO. ORGANISMS HR TIST <rSAK3EXI
 

KO. OR.CAX1SKS PIR COHCI^-TJATIO•CI KO. ORCA.HISKS PIR COHCESTTJCIOK:

-3 --S
XO. ORCAMISKS »ia COKTROI.t
 

STAAT DATI; / It'A.'Zltf 1*^ y.
 

I t 

lAJORXTOKY 

INITIAI/ 100% ELUTRIATE CHEMISTRY TECHNICIAN INITIALS; 

«« c«co3x 

Ps TltC (=9/1):7.0 
DISSOLVED OXtCSX (= ?/!)• 14. COKDUCTIVIDt )i \ *4 A.HMOSIA (x;/l): 

S*X?L£ COLOR i izca. II  K,
 
IXIT.
 

AIXXTIOK >tZQ<IT!t£3l TIS ( J »O risi Ofl It 24 El 7JSI
 

or >la»3h«le« proogl«s LC»n TIST 

K=Sa (») »5» COWIDESCI LIKITS («) XrrsOO\ tC«n («) J5l CO.fTIDEXCI LI.HITS 

BIMOK1AL DtSTHISUTIOKI 

KOVTMC AVZRACZ-ASCL» I 

PROSITI 

TXIXJCO S7IAR.HAK 

OTSTXt 

XOAILI 

COK«Z»TSc 

DATE I 

 30 



Test ID i 
NEW ENGLAND BIOASSAY 
ACUTE TOXICITY DATA coc t 

Proj i 

ClientiJO Teat Species; start 

Sample i £7tJ7rri'>-rt.\ Diluont! End Datet 

Concentration 
or Dilution I Ho. of Live 

Organisms 
Dissolved Oxygen 

mg/1 1 Temperature 
'C 

:* P" Icond 
ymhoD 

0 24 40 72 95 0 24 48 72 96 0 24 48 72 96 0 24 48 72 9 

/>/tf(O /^ 

5 

C 
h 
F 
f 

<r 
f 

f" 
<f 

^' 

j" 

r 
r r̂ 
/
/ 

6 
^ ^ <
5 
< 

7> 72 
76 
7-6 
8.0 
£a 
s.5 

z<r? <?f?8 

^.s 
#0 
^<7 
^7 
^7 

7.7 tf,B 
7,o 
7.6> 
7.B 
1.8 
7.9 

1/5 

/ffO//t

6 
C 

s" 
r 
r 

r 
r
^ 

i 
i 
a 

y-3 7.8 
7.S 
7.? 

z :̂r 2J/D 

2&.0 
3C,,c> 

7C 7? 
7.8 
7.2 

01 

!) 
£ 

s~ 
3" 

jT 
3" 

3 
5 

g,o 
7.8 

M>6 

2&.o 
7.9 
7.7 

•F f r 3 7-0 U.o 7.8 

Tech Initials! [^ *M3 1 1 I 1 
/) X /> X7
 

Reviewed t U?C^ >£/ C—-t^v^fi< Date. .</?93
 



HEW ENGLAMD BIOASSAY ACUTE TOXICITY DATA FORM
 
COVER SHEET FOR LC50 TESTS
 

CIA tnvlrann«nt«l £i «J"t>t* TSST ID K0i_ 

ADOKJESSi J30 K«edh«j Street t. pregain X!ST ID KOi 

«, H*. 

Kr. TLa »rl<r<f« ' 

SXK7LZ run 
oi«rrio« 

TT7I Or TIST TZST tSI 07 (TZCI. IKIT.)>________
 

til tCRglK f 1 KAMCI f 1 RIHTVM. (
 

TEST S?;e:iSi CerletUahaU dabl«_ 

SOOHCZXKIS LOT J|'|T8B\ 

ACIi < J 

TIST SOLUTION VOLOKl! 

KO. ORGMUSKS ?IR TZST CEAKSIM 

HO. OC.CAXISH3 TI3. COKCZVHUkTIOMl 

Ho. ORCX.MISK3 rza. COKTROU BO 
START DATTl/A <J tfi ITll^ AT /L ^ O (hoori] /^ i* ^-/ m 

EXD OATtl_ AT I1IO (hour.) 

UJOItATOUT 

INITIAL 100% ELUTRIATE CHEMISTRY
 

COC KOi
 

PROJECT KO» 113-017
 

A A 
tucrro 

COK7OSITZ SA-K7L2
 
COLUCZZ3 

TIST TSST sir 07 <TTCS. IKII.)< 
(XI scazm t i KA.HCI f i mnrevxi. f i 

TIST Kinnov. 

xez •__\ 
soLtrrios voujxr: TOO (-') 

KO. OKCA.NISHS ?r».TIS7 CEAXilR! 1Q 

HO. ORCAXISKS 1 ;o_ 

HO. ORCA.XISKS 

STAAT DA7ZI______________ AT , (hour*)
 

ISO DAIZt________________ AT >> (hour«)
 

EA&DMZSS 1 ^"^________ 
(a^Ai A« C&CO_] *« C«CO_) 

TECHMICIAN INITIALS; 

EAXDHZSS (ag/L •• C»CO_)| _> 2. AxiAixirx (=9/1. »« e»coj)i 
TSX2IRATOU ( 'C)I 2*A it) 
DISSOLVED 0«CIS
 

SA-K7LI COLOU!
 

ns (] HO
 

KETHOD (»)

BIKOMIAL DIST».IBOTIO»l 

HOVIHG AVHACZ-A.XC12I 

IROBITl 

T/UKMZO SPIXAMA.H XAAJEU 

OTHZRl 

Ko-OBsza.viD-ACJT!-rrrrcT 
AHIKJkZ. COKDITIOH/BCXAVIOKl______ 

coHitnrrst_____________ 

HVICHZO BTl 

l^_ 
TSCI. 
IXIT. 

rtsi 14 Et 

KISOXTS Of 1C;/, TIST 

 "» COKTIOESC! LIHITS (») 

BISOKIA1, BISTRISCIIOK 

HOV1HC AVIRAGI-XMCIJ! I 

o
 



Test ID I 
HEW ENGUVND BIOASSAY 
ACUTE TOXICITY DATA coc t 

proj I 
Teat Species; . Ai>b/a/a. Start Data4  tUT  l'SHSat f(o3Q 

Sample; £7tSr~r>*T*.: Diluent! X(V/r<W Ena Datai.SoJ" 5//5/9?>at /7/Q 

Client! a4]] ItUTJJ 

Concentration 
or Dilution 

t>/tf lO -4 

£ 

r 
A 
r 
f 

0 

r 
r 
<•" 
s" 
J" 
j" 

Mo. of Live 
Organisms 

24 

3 

/r 
r
jr 
r 

48 

f 

^ 

^ 

5 

^ 

* 

72 96 

Dissolved Oxygen 
mg/1 

0 

7.t 
24 48 

7-2
7.6 

7,4 
5.0 

g.o 
A* 

72 96 0 

tr° 

Temperature
•c 

24 48 

•ef.% 
Zf.B 
2f, 

Vf.l 

2/.7 

Z/.7 

72 9 0 

7.7 

"' p« 

24 4 

£8 
7,o 
7,& 
7,S 
78 

77 

72 9 

Cond 
pmhos 

I!1? 

/&'/.£& A
6, 
C 
/)
•r 
r 

r 
r 
/'
^" 
j"
j" 

r 
r 
jr 
y
r 

5 

5 
5 
*> 
if 
T 

3^ 7,8 
7-8 
6.' 
0.c 
S,o 
7,6 

H(. 5^7 
P5-.7 
a?.? 
Jtf 
tf.t> 
zr.e 

7^ 7.? 
8,0 
e.o 
8.0 
8.6 
8.0 

1?^ 

Tech Initials JL\J ^ MS S 1 
Reviewed byt. Date i 

Z' 



NEW ENGLAND BIOASSAY ACUTE TOXICITY DATA FORM
 
COVER SHEET FOR LC50 TESTS
 

CUEHTl Envtrotia«nt«l C. dub it TEST ID HO«_ 

ADOK2SSI P.. pron«l»« TEST ID HOt_ 

COS KO. ?J3-/g2.3 

PROJECT HOt Hi-017_____ 

CONTACTI Kr. Tla »rlaa« 

CiUUUSAKPUi 
at llutrl«t« ' OKI 

DltCTIOM VMS* SOCRCIl XT3 XrtUiol COK7OSITE SA.H7LZ 
COLLZCTZ3 m.OKl 

rr?s or TIST TSST srr c? <nci. IKIT.H 5IST SIT tT7 (tics. 

tici tenzix r i mucca f 1 mssvxt ( 1 tcuzat r i msce r i r i 

TSST TSST tyiCIISl rKhttd Kinnev* <?Ia«ph*le« praoelail 

SOORCI\HIS 10T cs\rras tor »<_J22i_X__________ 
XCZl < 34 HOURS DAYS 

TSST SOttfl^OK VOLOKI! 700 (a!.) 

HO. OR.CA.VISKS TIX T3ST HO. ORCANISHS PZR TIST'KJXKaiR! 10 

HO. ORSAXISKS na. KO. ORCXXISHS PIR COSCIXTiU.T '̂'«
 

KO. ORCA.SISMS »ra. cosraion XO. ORCXXISKS P'R
 

CTXK: n*m-7^ (hour.) •________________ XT
 

MD DA.TZ1 *I (hcunj ________________ XT
 

IA30KATORT 

rvi KES Bitch XUAX.IHITYI 

IKITIAL 100% ELUTRIATE CHEMISTRY TECHNICIAN IHITIAI.S!
 

EAXDKESS (aa/L *• C«COj)i ^ XJCLXIKtTX («9/L «« C*CO,)l / \_ 

TI.X7ERXTURI (*C) l , ____ <?V ^^ a (su)i — 7-2. TRC (sa/l)i ———•f
DISSOLVED oxrcm (QJ/I)I . —— -^ ^ COSroUCTIVITT (v=iho«/c=) I ~^ZJ-/ XK.HOKIX (D9/1): ————— 

SXXJLZ COLORi ____ TICS. OA7SXIA 00 El /<£- J« II /(£ <t El ^^ I l l l l l l l l l 

XZRATIOSf RIQIJiaiBl TtS [ J HO ( VJ MSI 00 El /W? 3« Hi <1 El 73EI 1(31 
imnin i i 

Of Ctrtod.shnlt dubU LCj, TSST MSOL'
 

xrtzoo I-Cju (») »St COHTIOEMC3 tlHITS (»
 

BISOKIM,
 

KOV1«G XV2RA.OZ-J
 

PROBZT
 

TRIKKZO S7EXRMXX TMKKTO
 

KOAZt.1 HO-OBSES.VZO-XOTTZ-ZTTICT LT7ZL 

XMIKJkl, COKCITION/BEBA.VIORI____________ 

>. r-e 

Rmrvro s . .oZ<^ 



NEW ENGLAND BIOASSAY 
ACUTE TOXICITY DATA 

Teat ID I 

coc « 

Proj I 
Teat species:. Start 

Sample\ Diluent! £///<. End 

Concentration 
or Dilution 

No. of Live 
organisms 

Dissolved Oxygen
mg/1 

Temperature 
"C 

PH Cond 
pmhos 

0 24 48 72 96 0 24 48 72 96 0 24 48 72 96 0 24 48 72 9 

n,<t$l«t turf &*' A
6 
c. 
b 
F 
F-

i>~ 

r 
r 
r 
r 
vS 

J 

f 

s 
£ 
f 
/ 

s 
1 

5" 
•4 
5 
5 
5 

jr.? 7Y 
7.? 
7,6 
7-7 
7,6 
7.6 

^V.f 5̂" 

stfs 
Wf 
af.4 
*/.f
Hi 

72. 7.? 

75 
7.8 
78 
7,0 
7.7 

?? 

Tech initials!
 M's
 

Reviewed by t Date; 9 /")
/ /
 



MEW ENGLAND BIOASSAY ACUTE TOXICITY DATA FORM
 
COVER SHEET FOR LC50 TESTS
 

CLiarct C1A Emrlrecm«nt-l	 £_, dubU TEST ID KOl 

ADORESSl	 370 _ pra-glu TEST ID KO: 93 ~2O3/ C_-

Kavton Cmur Tall., HA O.K4 COC KQ. 

PROJECT KOl m-017 

Kr. TU Brl.r<r. 
K\	 //30 CRABxSAfOLI 

SAMPLE TTTEt ««di»«flt -lntrt-t«	 OKI 
VATER SOORCSl KES Artitl.c«l rr«.hvat«r COK?OSIT2 SA.K7LJ!
 

COZJLZCTZO TROHl
 

TTPE Or TEST TEST SET O7 (TICK. IKIT.ll S_____ TT7S Or TBST TEST SET D7 (TSCK. ISIT.) 

DETIKITITE KM SCREE* rVl KA!«CE f 1 HEKWAL f 1 orrmrrrr-E HB SCRJSC o<i mmcz t i t \ 

TZST C«rled«ohnl« dubl«__________ TZST SPZCIZSi r*th««d Kinnov. <?ia«gh«l«« cren«l«<l 

SOORCE\KEB LOTI < ' KES\ C t) ~ S"?>- \QS - SOTOCIXKZS LOT « I KIS\  C\'^>-'\\S ft. V fe _______ 

AOI :_<_J4_BO<£RS________________ ACT I ^ PAYS __________________ 

TEST SOLOTIOK VOLOKSl ___30 TIST SOLUTIOK VOLOMZI 700 (mL) 

KO. ORGAMISXS PER TEST C3AM3ZRI _____5 KO. ORCAXISKS HX T2ST CEAX3IRI 10 _____ 

KO. ORCAKISKS PIR COKCZKTRATIOKl -M KO. OR.CA.HISM3 PIR COKC^^f^!^A-IOK: 

KO. ORCAMISKS PER COMTROLl -M_______ KO. ORCAXISHS COIfTROt.! 

START OATEl S^/\Aj(<̂ 3 AT \O<E O (hoar.) START DATS) <T/I M / R 3 AT XOVO (hoar.) 

ESD DATE» S"/1 b / 9 3 AT }Q 1 5" (hoar.) EKD OATSl SViy J°\3 AT /^/S^ (hour.) 

IA30RATORT 

»*teh « Crr\P EARPKZSSI. ________ AXJCALIMITTl V3 
(ng/1 a. C«CO_] (Z9/1 1. C*COj) 

INITIAL 100% ELUTRIATE CHEMISTRY TECHNICIAN INITIALS: 

KAROKZSS («./L «• CaCO_}l \ "3 AJXA1KITT (a_/L «« C«COg)l ^ *2_ ———— 

TSK7ERATCRE < *C) I 2. "A • 5" PH (SO) I ~7."i-. TRC (ô /l): —— '
 

DISSOLVED OXYCEM (n_/l) I <T" O COHOOCTIVITr (>(-ho./aa)t "̂  <y AXHOHIA (09/1): ——
 

SAMPLE COLORI TECS. OA7BXIA 00 Kl 14 g! . —— - 41 Hi . ——
 iiiiimiii I l l l l l l l l l
 
AZRATIOK RZQOIRZD1 TIS ( ] KO (VI TISI 00 It __ J« *! __ 4« It . ——. 7211 .— »SSl __
 

LCSg TSST . KSSTJLTS or >im«oh*le« pcqeiel*a ^5^ 1^^ 

KZTHOO «̂̂  LCJa (%) COK7IOEJCCE IIK1TS (t) ICjO <»> 's» COHTIDEXC2 LIMITS (») 
ŝ  ^•^ 

BINOMIAL DISTRIBOTIOH BIHOMIAJ. I 

JWVISG AVERACE-AXGLEl KOVTXG AVERAGE-AXGLE1 

PROBITl 

TRIHKZO S7.ARMAH XARBERl TRIKKEO S7U2MAK KAR3ER:
 

OTHSRl OTHZRl
 

KOAILt KOAZLl
 

KOAZLI KO-OBSERVEO-ACUTZ-ETFZCT LEVE1
 

A.KIKAI. COMDITlOM/BEHATIORt____________
 

COHKSMTS t_______Cl • /\.>A\>\<?s. '_____
 

\ w 

R2VIEWSO Bltl 



client; C->"r^A
 

sample i
 

Concentration!

or Dilution |


0
 

•t-	 WASh A f
 

6 t
 

C <f
 

D f
 
E £
 
r •>'
 

Teat ID « 93
 
HEW ENGLAND BIOASSAY 

ACUTE TOXIC1TY DATA COG f 9-3

Proj f 

' Teat specieatCtr/ &/*#/(/*<, flu (?f,\ start Datet 5//VX?? at 

Diluent! TAirtfftv-% End Data« - at 

 No. of Live Dissolved Oxygen Temperature PH Cond
 
 organisms mg/1 •c jjmhoa
 

24 48 72	 96 0 24 48 72 96 0 24 48 72 95 0 24 48 72 96
 

5 1 77 •H W,t 2(3 7.1 7-/P f/b

^
 3 i1] fl̂  7.1
 
T 4 7,4 •̂0 15
 
6 H 7.4 34-7 75
 
5 H â n 75
 fH

^ 4	 ai a^ 7-5
 

Tech Initials
 MS H^ n̂  n
 1
 
orqxnt6H&, O

undcv
Reviewed bys	 Date: 



NEW ENGLAND BIOASSAY 
Teat ID I 9 3-203/£. 

ACUTE TOXICITY DATA coc t9.3- XP2 7 

Proj 4_l£\_2cCil!7 
client ; Q*?/l Teat speeiea? V t-*vtfll(*b.tJ /pte^fop—————— F" /  Start Data; 5//V/93 at  ——— 7" —— -————— 

sample; f^lA Diluent » D>'W. End Data ! at 

Concentration 
or Dilution 

No. of Live 
Organisms 

Dissolved Oxygen 
mg/1 

Temperature
•C 

PH Cond 
pmhos 

0 24 48 72 96 0 24 48 72 96 0 24 48 72 96 0 24 48 72 9 

/W /I 

3̂ 
.C 

10 

(0 

10 

/O 

10 

f 

/O 

/o 
9 

/» 

/O 
1 

/o
/fl? 

7-7 \>* 
7.0 

/̂  

^ 

&3 
6.3 

43 
6,1 
tO 

t.< w w 
H '̂ 

•̂1 

!Ŵ  

X. 
3H. 

M4 

â l 
atv 
^ 

3̂  
91/. 
X 

?.T 7,l|

?.-a 
7-a 

75 
7/ 
Ĵ 

•1-1 

?,a 

a a 
?,o 

W 

M 

//fc 

Tech initials KU TH 77/ &̂ ̂  1
 
Reviewed by,~Z/QafpC.-.— Date t
 ^c
 



APPENDIX I 

GREAT BLUE HERON FOOD WEB ASSESSMENT 
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APPENDIX I 

GREAT BLUE HERON
 
FOOD WEB ASSESSMENT
 

1.00 INTRODUCTION 

This report describes the methods used to estimate potential risks to wildlife associated with 
exposure to sediment and surface water contaminants within Upper and Lower Simmons 
Reservoirs, the Quarry Stream and Cedar Swamp Brook, and Sedimentation Ponds 2, 3 and 4 
within the active portion of the Central Landfill property. The risk estimate for wildlife 
exposure is based on assessment of risk to the great blue heron (Ardea herodias), a largely 
piscivorous wading bird expected to utilize these exposure points as foraging habitat. An 
exposure model which incorporates the feeding and foraging habits of the heron was used to 
estimate the heron's exposure to contaminants in sediment, surface water and in 
representative prey organisms. Concentrations of organic contaminants in prey organisms 
were estimated using a widely accepted model (Gobas, 1993) which predicts the 
bioaccumulation of organic contaminants through an aquatic food-web. Assumptions used in 
this model were intended to conservatively represent the trophic relationships of aquatic 
species within the CLF Drainage Area (defined as Sedimentation Pond 4, Sedimentation 
Ponds 2&3 and Channels, the Upper Simmons Reservoir, and the Lower Simmons 
Reservoir). Bioconcentration factors presented in recently published regulatory and scientific 
literature were used to estimate concentrations of inorganic contaminants in aquatic/semi
aquatic species likely to be preyed upon by the heron. The exposure levels (doses) calculated 
for the heron were compared to toxicological reference doses obtained from current literature 
to assess the potential for adverse health effects. The following sections describe the 
exposure model for the heron, the aquatic bioaccumulation models, input assumptions for the 
models, the toxicological reference doses (RfDs), and the results of this preliminary risk 
assessment for the great blue heron. 

The selection of Contaminants of Potential Ecological Concern (COPECs) for the sub-areas 
within the CLF Drainage Area was based on comparisons of OU2 contaminant 
concentrations to background and toxicological benchmark concentrations. COPEC selection 
is presented in Section 9.14 of the main RI report. CLF Drainage Area COPECs include 
VOCs, SVOCs, PCB/Pesticides, and inorganic contaminants. 
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2.00 FOOD WEB EXPOSURE MODEL FOR THE GREAT BLUE HERON
 

The food chain model used for this evaluation estimates exposure of the indicator species to 
COPECs within prey organisms, due to water consumption and incidental ingestion of 
sediment. The model takes into consideration the daily food ingestion rate of the heron, the 
proportions of diet made up by different types of affected prey organisms, and the proportion 
of the feeding area which is comprised by the different exposure points being evaluated. 

Exposure of receptors to site contaminants was estimated using the following formula: 

ADDmg/kg/day ~ ({[l/...n(OHM/m*rtaX X Inginverts] + 

[Li n (OEMamphib X 

[Li n (OHM/iri x Wgta) x Ing/**] + [s/...n(OHMw x Wgta) x 
X (IRtotal) + [Li n OHMwaterX Wgta X Ingwater ]) X (FA) 

where: 

ADDm&/kg/day 

OHMinV 

OHMamphib 

Ingamphib 
OHMfish 

OHMSed 

Ingsed 
OHMwater 

Ingwater 

IR,total 

Average Daily Dose of contaminant to the receptor based on mg/kg of body 
weight/day. 
Foraging area weighting assignment for exposure point 1 through n, used to 
normalize the overall exposure point concentration based on the size of the 
individual exposure points when multiple exposure points are being considered in the 
particular run of the model. 
Average concentration of contaminant in invertebrates within exposure point 
1 through n; for organic contaminants this value was the average among 
chironimidae, oligochaeta, and crayfish. 
Fraction of receptors diet that is comprised of invertebrates. 
Average concentration of contaminant in amphibians within exposure point 1 
through n. 
Fraction of receptors diet that is comprised of amphibians. 
Average concentration of contaminant in fish within exposure point 1 through n; for 
organic contaminants this was the average among the pumpkinseed and largemouth 
bass. 
Fraction of receptors diet that is comprised of fish. 
Average concentration of contaminant in sediment within exposure point 1 through n. 
Fraction of receptors diet that is comprised of sediment. 
Average concentration of contaminant in surface water within exposure point 1 
through n. 
The daily rate of water ingestion expressed as a fraction of the receptor's body 
weight. FA = The fraction of the herons foraging area comprised by all exposure 
points being considered for the particular run of the food web model. For this 
assessment, the exposure points being considered were always assumed to comprise 
the entire foraging area of the heron, thus FA always equals 1. 
The daily rate of food ingestion expressed as a fraction of the receptor's body weight. 
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The following sections describe assumptions made regarding great blue heron feeding habits, 
exposure durations, and present methods used to estimate the concentrations of contaminants 
in the prey organisms of the heron. 

7.11 Exposure Duration and Feeding Habits 

Information regarding the habitat and foraging requirements of the great blue heron 
were obtained from EPA (1993a&b) and from DeGraaf and Rudis (1987). The following 
paragraphs summarize information used to develop an exposure model for the heron. 

The heron is a migratory species, and is likely to arrive in the vicinity of the Site in 
the spring (coincident with the ice-melt) and likely flies south by October or November 
(EPA, 1993a). Seasonal migration reduces the average daily exposure of the heron when 
factored over the course of a year or more, however, this was not taken into account in the 
model used for this evaluation. The reason for this is that the durations of the majority of the 
toxicity tests used to derive benchmark doses were less than the length of time herons are 
likely to spend on the site. Therefore, we assumed that if effects were to occur to the heron 
they would occur over the course of the breeding season when the heron (or similar bird 
species) may be expected to be at the Site. However, this assumption may be conservative 
for some contaminants; the durations of the toxicity test used to derive benchmark doses for 
Aroclor 1242, DDT and its degradation products, and mercury were longer than the period 
over which the herons are expected to be at the site each year. 

The aquatic foraging habitats of the great blue heron include shallow standing and 
flowing waters up to 0.5 meters deep with firm substrate (EPA, 1993a). Studies which 
document the foraging domains of great blue herons present results in units of linear 
measurement (e.g., kilometers of shoreline), reflecting the dependence of the heron on 
shallow water. The linear extent of defended foraging territory for individual herons ranges 
from 0.129 km to 0.98 km (EPA, 1993b). The daily food ingestion rates for the heron has 
been estimated at 0.18 grams of food per gram body weight per day. The composition of the 
heron's diet, estimated by averaging values for habitats similar to the Site reported in EPA 
(1993b), includes approximately 81 percent fish, 3 percent amphibians, and 10 percent 
macroinvertebrates. The remainder of the heron's diet includes plants and non-aquatic 
animals. Fish in the heron diet are reported to be 20 cm or shorter in length. EPA (1993 a) 
provides an estimated water ingestion rate for the heron of 0.045 grams/gram body weight per 
day. 

An incidental sediment ingestion rate for herons was estimated based on reported 
ingestion rates for the semipalmated sandpiper. The semipalmated sandpiper feeds almost 
exclusively on mud-dwelling invertebrates. We conservatively assumed that all of the 
heron's macroinvertebrate and amphibian foraging activities result in incidental ingestion of 
sediment. The maximum reported sediment ingestion rate for the sandpiper, 30 percent 
(1993b), was multiplied by the fraction of the diet comprised by amphibian and 
macroinvertebrate portions of the heron's diet (i.e., 0.13). The resulting incidental sediment 
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ingestion rate of 3.9 percent was used in the exposure model for the heron. This is likely 
conservative because macroinvertebrates ingested by herons are likely to be mainly epiphytic 
rather than infaunal. 

2, 1 2 Exposure Points 

Surface water bodies evaluated in this assessment included the Upper Simmons 
Reservoir (USR), Lower Simmons Reservoir (LSR), Sedimentation Ponds 2, 3, and 4, Cedar 
Swamp Brook and the Quarry Stream. These are the waterbodies to which all of the surface 
water from the landfill drains, and to which most of the groundwater drains. Therefore, these 
water bodies have the greatest potential for impacts from the landfill. These exposure points 
are referred to collectively as the Central Landfill Drainage Area (CLF Drainage Area). 
Based on their topographic positions and contaminant concentrations, data from Cedar 
Swamp Brook and Quarry Stream were combined with those for Sedimentation Ponds 2 and 
3 (referred to as Sed Ponds 2&3 and Channels) to represent one exposure point. Because 
sediment containment booms are present between the northern and southern basins of the 
USR, the northern basin was also treated as an individual exposure point. 

Several different runs of the food web model were performed. One run assumed that 
an individual heron feeds throughout the CLF Drainage, thus data from all the sub-areas 
within the CLF Drainage Area were incorporated in the body burden estimates for heron prey 
items. For each of the remaining food web model runs we assumed that an individual heron 
feeds exclusively within one of the CLF Drainage Area sub-areas, and data from only that 
sub-area were incorporated into the body burden estimates. Assumptions regarding the 
foraging area for each run of the model were as follows: 

•	 The entire CLF Drainage Area was assumed to comprise 100% of the foraging 
area of the heron. Exposure Point Concentrations (EPC) within each exposure 
point (i.e., USR, LSR, Sed Ponds 2&3 and Channels, and Sed Pond 4) were 
weighted based on the size of the exposure point, relative to the entire CLF 
Drainage Area, to develop Feeding Area Normalized EPCs for the entire CLF 
Drainage Area. The surface area of water within each exposure point was used as 
a rough estimate of the relative amount of foraging area within that exposure 
point. Thus, the EPCs within exposure point X were weighted by multiplying by: 

Surface Water Area at F.vpnsure Point X
 
Total Surface Water Area Within the CLF Drainage Area
 

Then, the Feeding Area Normalized EPCs were calculated by summing the 
weighted EPCs from each exposure point. Table 1-22 presents a summary of the 
weighting factors calculated for each exposure point. 

•	 Sed Pond 4 was assumed to comprise 1 00 percent of the heron's foraging area. 
•	 Sed Ponds 2&3 and Channels (which includes Cedar Swamp Brook and the 

Quarry Stream) were assumed to comprise 100 percent of the heron's foraging 
area. 
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•	 The Upper Simmons Reservoir was assumed to comprise 100 percent of the 
heron's foraging area. 

•	 The Lower Simmons Reservoir was assumed to comprise 100 percent of the 
heron's foraging area. 

•	 The North Basin of USR still contains significant amounts of potentially landfill-
derived sediments, which generally have higher concentrations than the naturally 
deposited "original" sediments exposed in the main body of USR after dredging. 
For this reason, and at the request of EPA, the North Basin of the USR (including 
Cedar Swamp Brook delta within Upper Simmons Reservoir) was assumed to 
comprise 100 percent of the heron's foraging area. 

Within each of these different exposure points, average concentrations within surface 
water and sediment were used as the basis for estimating the exposure of herons to site 
contaminants. Maximum concentrations were not used to estimate heron exposure to 
COPECs because this would have produced an overly conservative assessment. The herons 
feeding range (approximately 0.129 to 0.98 kilometers of shoreline) is large relative to the 
habitat size provided by the different exposure points. Also, a fairly large numbers of surface 
water and sediment samples (27 surface water sampling locations, and 36 sediment samples) 
were used to represent the CLF Drainage area. Therefore, it is highly unlikely that any 
individual heron would be exposed exclusively to an area with concentrations of COPECs 
comparable to the maximum concentrations. In addition, because the CLF Drainage Area 
was broken up into several smaller areas, if there were significant areas with COPEC 
concentrations consistently higher than the rest of the CLF Drainage Area, these conditions 
would be adequately represented by the average concentration for that exposure point. 

However, in order to get an idea of the magnitude of difference between risk 
estimates calculated using the averages, and risk estimates using the maximum COPEC 
concentrations, the food web model for the Upper Simmons Reservoir was rerun using the 
maximum concentrations. The results of the average-based and maximum-based risk 
estimates for the Upper Simmons Reservoir are compared below. 

2.13 Fxpnsnre Assumption Summary 

The following assumptions were used as input parameters for the heron food web 
model: 

Contaminated Fraction of Feeding Area = 1 
Total Daily Food Intake (kg/ke-dav) =	 0.18 (EPA. 1993) 
Total Daily Water Intake (kg/kg-day) =	 0.045 (EPA, 1993) 
Fraction Composed of Fish =	 0.81 (EPA, 1993) 
Fraction Composed of Amphibians =	 0.03 (EPA, 1993) 
Fraction Composed of Invertebrates =	 0.1 (EPA, 1993) 
Fraction Incidentally Ingested Sediment = 0.039 (EPA, 1993) 
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As discussed above, estimates of COPEC body burdens within heron prey organisms (and by 
extension, heron exposure to COPECs) were based on average COPEC concentrations in 
surface water and sediment of each exposure point. The use of maximum concentrations was 
considered to be overly conservative, however, the magnitude of difference between risk 
estimates based on average concentrations and those based on maximum concentrations is 
discussed in Section 4.00. 

2.21 Gnhas Model for Organic Contaminant I Iptake. 

In order to conservatively predict tissue concentrations of organic COPECs in aquatic 
organisms inhabiting the surface waters adjacent to the Site, we applied the food-web 
bioaccumulation model of Gobas (1993). We obtained a copy of the food-web computer 
model from Gobas in 1995 ("A Bioaccumulation and Trophic Transfer Model for 
Contaminants in Aquatic Food Webs - Version 1.00, May, 1994"). This model has been used 
to produce the generic Food Chain Multipliers presented in the Great Lakes Water Quality 
Guidance, and in EPA's "Ambient Water Quality Criteria Derivation Methodology Human 
Health Technical Support Document - Final Draft" (EPA, 1998). Each of these documents 
provides detailed descriptions of the Gobas model. 

The Gobas model allows estimation of bioavailable surface water contaminant 
concentrations, tissue concentrations, lipid concentrations, bioconcentration factors (BCFs), 
bioaccumulation factors (BAFs), fugacities, and uptake/elimination factors using site-specific 
descriptions of sediment/water chemistry and trophic relationships. Input parameters 
required include: 

1. Molecular Weight (MW) for each COPEC 
2. Henry's Law Constant for each COPEC 
3. Octanol-water partition coefficient (log Kow) for each COPEC 
4. Dissociation constant (for ionizing substances only) 
5. Concentration of suspended solids 
6. Concentration of COPEC in suspended solids 
7. Concentration of COPEC in sediment 
8. Concentration of COPEC in surface water 
9. Organic carbon content of sediment and suspended solids 
10. Organism weight 
11. Organism lipid content 
12. pH 
13. Water temperature (Celsius) 
14. Feeding Preferences (or trophic interactions) 

Figure 1 depicts trophic relationship assumptions used in the Gobas model. Tables I
1 through 1-12 list chemical, physical and biological input parameters used to run the model. 
Of the input parameters listed above, measured site-specific values were available for 
concentrations of suspended solids, concentrations of organic COPECs in sediment, 
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concentrations of organic COPECs in surface water, organic carbon contents of sediment, and 
pH. We assumed that the organic carbon and organic COPEC content of suspended solids 
equaled that of bottom sediment. Water temperature was assumed to be 18 degrees C (+/- 5 
degrees). With the exception of Aroclor 1242, all physical constants for organic COPECs 
were obtained from EPA Guidance documents (i.e. EPA, 1986 and EPA, 1998). Whenever 
possible, lipid contents of species included in the food-web were obtained from EPA (1997). 
Other lipid content assumptions were based on values reported in current scientific literature. 
Reasonably conservative assumptions regarding organism feeding preferences were based on 
information presented in EPA (1993a&b) and in Carlander (1977). 

Based on a review of limnological literature, our assumption that the total organic 
carbon (TOC) content of suspended solids is justifiable and conservative because the organic 
content of resuspended matter may exceed the organic content of bottom sediment (Kawana 
and Tanimoto, 1984). Other researchers (e.g. Meyers et al., (1984)) have shown that the 
organic content of paniculate matter within the top 1 meter of surface water is largely 
composed of terrigenous lipid matter which is degraded slower than the lipid matter of 
aquatic origin which dominates the suspended solids of deeper waters. Prey items of the 
great blue heron are likely to spend the majority of the year in shallow water where organic 
carbon content of suspended solids is higher, thus, bioavailability of organic contaminants in 
these areas may be lower compared to deeper water. A data set for Lake Ontario summarized 
by Campfens and Mackay (1997) documents the organic carbon fraction of sediment as 0.02 
and the organic carbon fraction of suspended particles as 0.2, supporting the conservative 
nature of our assumption. Because the relationship between the organic content of the 
suspended solids and the predicted body burdens of aquatic organisms is roughly linear, this 
conservative assumption may result in an approximately 3x to lOx overestimation of body 
burdens (see Section 6.00). 

The Gobas model requires input of surface water and sediment concentrations for 
each contaminant being evaluated. If an organic contaminant was not detected in surface 
water (and therefore was not a surface water COPEC for that exposure point) we input a 
concentration of 1 x 10"7 mg/1, which is essentially a "zero" concentration. This value was 
used because, based on trial runs with DOT, 1 x 1 0 " is the point at which surface water 
concentrations no longer have a significant influence on the estimated body burdens. 

In a few cases (e.g., aldrin and DOT in the Lower Simmons Reservoir), organic 
contaminants were detected in surface water but not sediment. With the exception of VOCs, 
it is expected that contaminants found in surface water are also found in sediment, and that 
the reason they were not detected is likely due to small sample size or high detection limits. 
Therefore, in these cases, the sediment concentration was assumed to be one-half of the 
average sediment MDL for that data set. 

2.21 1 Gnhas Biological I Iptake Model Results 

Tables 1-13 through 1-17 present the body burdens and bioavailable surface 
water concentrations calculated by the model. The sections below provide a brief overview 
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of the formulas used in the model. More detailed descriptions of these formulas are presented 
inGobas(1993). 

Freely Dissolved Surface Water Concentrations of COPF.P.s; 

The Gobas model predicts the bioavailable (or "freely dissolved") fraction of 
a COPEC in surface water (Bioavailable Solute Fraction [BSF]), using the formula: 

BSF = 1/(1 + (Kow x [OM]/dOM)) 

where [OM] is the concentration (kg/L) of organic matter in the water, Kow is the 
octanol/water partitioning coefficient of the COPEC, and dOM is the density of the organic 
matter (kg/L). The model uses the calculated BSF to predict body burdens of organisms in 
the hypothetical food web. 

COPRC Concentrations in Renthic Invertebrates 

The Gobas model predicts COPEC concentrations in benthic invertebrates 
using the relationship: 

CB x dL/LB = CS x dOC/OC = KLW x CP 

where CB is the chemical concentrations in the benthic invertebrate (ug/kg wet weight), CS 
is the concentration in the sediments (ug/kg dry weight), CP is the truly dissolved chemical 
concentration in the pore water (ng/L water); LB is the lipid fraction of the benthic organisms 
(kg lipid/kg organism), dL is the density of the lipids of the benthic organisms (kg/L), OC is 
the organic carbon fraction of the sediments (kg organic carbon/kg sediment), dOC is the 
density of the organic carbon fraction of the sediments (kg/L) and KLW is the dimensionless 
lipid water partition coefficient. Since dL and dOC are approximately the same, CB/CS 
should be approximately similar for organic chemicals, namely, LB x dOC/OC x dL, or 
simply LB/OC. Thus, uptake by benthic invertebrates is seen as being primarily dependent 
upon the relationship between sediment organic carbon and the lipid fraction of the organism. 

COPF.C Concentrations in Fish and Amphibians 

The Gobas model predicts COPEC concentrations in fish using estimates of 
compound and species specific gill uptake rate constants, gill elimination rate constants, 
metabolic transformation rate constants, dietary uptake rate constants, fecal egestion rate 
constants, growth dilution, and feeding preferences. For the purposes of this risk assessment, 
we assumed that bullfrog tadpoles would exhibit the same bioaccumulation tendencies as 
fish. Bullfrog tadpoles are gilled and can spend as much as 3 years in the water before 
metamorphosing into adults (EPA, 1993a). 
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7.7.2 Inorganic Body Rnrden Estimates 

7 72.1 Renthic Mar.rninverfehrate Tissue 

For exposure points in which an inorganic COPEC had been detected in 
surface water, we estimated benthic invertebrate body burdens by multiplying the arithmetic 
mean total surface water concentration of the COPEC by bioconcentration factors (BCFs) for 
fish presented in EPA (1998b). If the COPEC was detected in sediment but not in surface 
water, we estimated body burdens by multiplying the arithmetic mean sediment concentration 
by the Invertebrate Accumulation Factors (lAFs) presented on Table 1-18. The LAFs for 
inorganics were calculated by dividing the COPEC-specific fish BCF from EPA (1998b) by 
the Kdbw (bed-sediment to pore water partition coefficient) presented in EPA (1998b). 

7.7.2.2 Amphibian Tissue 

Body burdens for amphibians were estimated by multiplying mean total 
surface water concentrations by BCFs for fish presented in EPA (1998b). If an inorganic 
COPEC was not detected in surface water but was present in sediments, amphibian body 
burdens were calculated using the same method described above for invertebrates. In the 
case of mercury, the sediment/amphibian BCF presented on Table 1-19 was used. 

797.1 Fish Tissue 

Fish tissue samples (filets) were collected for inorganic analyses from the 
Upper and Lower Simmons Reservoirs by Environmental Science Services (ESS) in 1993 
and 1994. Reports produced by ESS are presented in Appendix K. Fish tissue analytes 
consisted of cadmium, chromium, copper, lead, mercury, and zinc. With the exception of 
zinc and mercury, none of the other inorganic contaminants were detected. Mercury was 
detected in one tissue sample; 0.4 mg/kg wet weight (or about 2 mg/kg dry weight assuming a 
fish tissue percent solid value of 20 percent) of mercury was detected in a sample from the 
Upper Simmons Reservoir. Zinc was detected in all fish tissue samples; concentrations 
detected ranged from 4.2 to 6.0 mg/kg wet weight (about 21 to 30 mg/kg dry weight) in the 
Upper Simmons Reservoir, and from 2.1 to 8.6 mg/kg (about 11 to 43 percent dry weight) in 
the Lower Simmons. Average concentrations of zinc were 5.0 and 4.9 mg/kg wet weight 
(about 25 to and 24.5 mg/kg dry weight) in the Upper and Lower Simmons Reservoirs, 
respectively. 

One potential option for estimating fish tissue concentrations for the metals 
analyzed but not detected by ESS was to use one-half the method detection limit as the body 
burden value. However, MDLs for data collected by ESS were quite high, and had we used 
those MDLs, this analytical artifact would have driven the results of our exposure estimate 
for these metals. Therefore, with the exception of zinc (which was positively detected in each 
fish sample), we estimated fish tissue concentrations for these, and other inorganic COPECs 
using BCFs obtained from EPA (1998c) (Table 1-20). The average concentration of zinc 
detected in fish tissue samples from the Upper Simmons was used to represent fish tissue 
EPCs for the Upper Simmons, and the average concentration of zinc in fish samples from the 
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Lower Simmons was used to estimate fish tissue concentration in that waterbody. ESS 
reported fish tissue concentrations on an "as is" basis, which we took to mean on a wet 
weight basis. Therefore, these values were used as reported to estimate daily doses to the 
heron. Average fish tissue zinc concentrations for the Upper and Lower Simmons Reservoirs 
are presented in Table 23. 

If an inorganic COPEC was detected in surface water, the fish tissue 
concentration was estimated by multiplying the arithmetic mean total surface water 
concentration by the published BCF. If a contaminant was detected in sediment but not in 
surface water, we estimated the fish tissue contaminant concentration by multiplying the 
average sediment concentration by the sediment to fish BCFs presented on Table 1-21, and by 
the fraction of solid content in fish to calculate the fish body burden on a wet weight basis. 
Fish species similar to species present in the reservoirs collected in a different study was 
measured to have approximately 20 percent solids. Thus, we used 0.2 as the fraction of solid 
content in fish. 

3.00 REFERENCE DOSES FOR THE GREAT BLUE HERON
 

With the exception of the reference dose (RFD) for methoxychlor, RfDs for the great blue 
heron were obtained from Sample et al. (1996). The RFD for methoxychlor was obtained 
from EXTOXNET (1996). Tables 1-33 through 1-38 present RfDs for COPECs. Whenever 
possible, we used both No Observed Adverse Effects Levels (NOAELs) and Lowest 
Observed Adverse Effects Levels (LOAELs) in our risk evaluation. The following paragraphs 
summarize the test endpoints upon which each RFD was based. 

T10 OR fiANTC fONTAMINAMTS 

Acetone 

Toxicological information regarding the effects of acetone on birds was not identified 
in Sample et al., 1996. However, acetone toxicity data was available for rats, and thus we 
used the LOAEL and NOAEL reported for the rat as our benchmarks for the Great Blue 
Heron. Sample et al., 1996 discussed a subchronic (90 days) study of the effects of acetone 
applied orally in three doses (100, 500, and 2,500 mg/kg/d) to rats weighing approximately 
0.35 kg and consuming 0.028 kg of food per day. Doses of 500 and 2,500 mg/kg/d lead to 
significant kidney damage and increased kidney weights, but no differences were observed at 
the lowest dose. Because the exposure duration did not include the rat's reproductive 
lifestage, 100 and 500 mg/kg/d were considered to be subchronic doses, and were each 
divided by an uncertainty factor of 0.1 to estimate the chronic NOAEL and LOAEL of 10 and 
50 mg/kg/d, respectively. 
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Chlnrnmethane 

Avian wildlife toxicity data for chloromethane (synonym: methyl chloride) was not 
available in Sample et al., 1996. However, NOAELs and LOAELs for mammals were 
available, and we used the benchmarks identified in a chronic study (two years) of 
chloromethane toxicity to rats. Four doses of chloromethane (5.85, 50, 125, and 250 
mg/kg/d) were administered orally to rats of approximately 0.35 kg in body weight. No 
effects were observed at the lowest dose, but changes in liver tissue were observed at 
50/mg/kg/d. The chronic NOAEL and LOAEL were considered to be 5.85 and 50 mg/kg/d, 
respectively. 

r.hlnrnhenyene 

There was no lexicological information for chlorobenzene available for avian or 
terrestrial wildlife in Sample et al., 1996. However, toxicity studies for chlorobenzene were 
described in the Agency for Toxic Substances and Disease Registry (ATSDR) toxicity profile 
for chlorobenzene (1999). In a chronic study of rats orally exposed to chlorobenzene, altered 
kidney weights were observed at the dose of 120 mg/kg/d. No effects were observed at 
60 mg/kg/d. These doses were the lowest LOAEL and NOAEL reported in the ATSDR 
profile. We divided these values by an uncertainty factor of 10 to estimate the LOAEL and 
NOAEL for the great blue heron. 

and 1 .4-r)ichlnrnhen7.ene 

There was no available toxicity information about the effects of 1,2- and 1,4
dichlorobenzene on avian or terrestrial wildlife in Sample et al., 1996. However, 
toxicological data for 1 ,4-dichlorobenzene was available in the ATSDR toxicity profile for 
1 ,4-dichlorobenzene (1999). Moderate kidney damage was observed in male rats exposed to 
150 mg/kg/d by gavage for 2 years in a chronic (2 years) study of the effects of 1,4
dichlorobenzene on rats. This dose was the lowest reported chronic value in the ATSDR 
toxicological profile. We divided this value by an uncertainty factor of 10 to estimate the 
LOAELs for 1,2- and 1,4-dichlorobenzene. Because a NOAEL for this particular effect was 
not estimated and NOAELs for other effects were higher than 150 mg/kg/d in the studies 
described in the ATSDR toxicological profile, we used the NOAEL reported for 
chlorobenzene described above. 

RiitylhenTylphthalate 

There were no data regarding the toxicity of butylbenzylphthalate to wildlife. 
However, toxicological information about the similar compound di-n-butylphthalate was 
identified in Sample et al., 1996, and we used the identified LOAEL and NOAEL for di-n
butyl phthalate as surrogate benchmarks for butylbenzylphthalate. One dose of 10 mg of di-n
butylphthalate per kg of food administered via diet to ringed doves during a four- week period 
reduced eggshell thickness and water permeability of the shell. A LOAEL of 1.1 /kg/d was 
calculated based on the dose applied, and the body weight (0.155 kg) and food consumption 
rate (0.01727 kg/d) of ringed doves. Because the exposure period included the critical 

I-ll 



reproduction lifestage, this value was considered to be the chronic LOAEL, and the chronic 
NOAEL was estimated by multiplying the chronic LOAEL by the uncertainty factor of 0.1. 

Ren7.n(a)pyrene and Other PAHs 

Toxicity studies of benzo(a)pyrene, benzo(a)anthracene, and benzo(b)fluoranthene to 
avian wildlife were not available. However, there was information regarding the toxicity of 
benzo(a)pyrene to mammals in Sample et al., 1996, and we used the test species LOAEL and 
NOAEL each divided by an uncertainty factor of 10 for the purpose of this food web. Three 
doses of benzo(a)pyrene (10, 40, and 160 mg/kd/d) was administered orally to mice. The 
dose of 10 mg/kg/d induced reduction of weight and fertility impairment among offspring. 
Because the exposure period included the reproduction lifestage, 10 mg/kg/d was considered 
to be the chronic LOAEL, and the chronic NOAEL of 1 mg/kg/d was estimated by 
multiplying the LOAEL by an uncertainty factor of 0.1. 

Aldrin 

Toxicological information regarding the effects of aldrin on avian wildlife were not 
identified. However, because aldrin quickly breaks down to dieldrin in the body and in the 
environment (ATSDR, 1989) we used the RfDs for dieldrin presented in Sample et al. 
(1996). Sample et al. summarized a study of the effects of orally administered dieldrin to the 
Barn owl. The single dose applied, 0.58 mg/kg, reduced eggshell thickness but did not have a 
significant effect on the number of eggs laid, the number of eggs hatched, the percent of eggs 
broken, or embryo or nestling mortality. Sample et al. considered this exposure level to be a 
No Observed Effects Level (NOAEL) and converted it to a RFD of 0.077 mg/kg/day using a 
literature derived body weight and food consumption rate. 

Benzene Hexar.MnriHe (RHf.) 

Sample et al. (1996) reviewed the wildlife toxicity of mixed isomers of Benzene 
hexachloride (BHC). When exposed to 20 mg BHC/ kg food over a 90 day period, Japanese 
quail experienced reduced egg hatchability and egg volume. No significant effects were 
observed at dietary levels of 1 or 5 mg/kg. Sample et al. calculated a NOAEL and a Lowest 
Observed Effects Level (LOAEL) for birds of 0.563 mg/kg/day and 2.25 mg/kg/day from the 
5 mg/kg and 20 mg/kg exposure levels, respectively. These calculations were conducted 
using quail body weights reported in the original study and food consumption rates estimated 
using an allometric equation. 

Pnlychlnrinated Riphenyls (PCRs) 

Sample et al. (1996) reviewed the wildlife toxicity of mixed isomers of Aroclor 1242. 
Neither fertility or hatching success were significantly reduced when Screech owls were 
exposed to 3 mg/kg in diet over a period of two generations. Sample et al. considered this 
exposure level to be a NOAEL for birds and calculated a NOAEL RFD of 0.41 mg/kg/day 
using literature derived body weights and food consumption rates for the owl. 
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Sample et al. (1996) also summarize a 17-week study of Ring-necked pheasant 
exposure to Aroclor 1254 via weekly oral doses in gelatin capsules. The lowest test dose, 
12.5 mg/bird/week, significantly reduced egg hatchability and was considered to be a 
LOAEL. Sample et al. (1996) calculated a LOAEL dose of 1.8 mg/kg/day using a literature 
derived body weight and assuming that the weekly dose could be divided by 7 to estimate a 
daily dose. 

Because RfDs for Aroclor 1232 could not be identified, we applied the RfDs for 
Aroclor 1254. This should be a conservative assumption because of the higher chlorine 
content of Aroclor 1254 and the perceived relationship between PCB chlorine content and 
wildlife toxicity. 

DPT and Metabolites (HDD and PDF.) 

Sample et al. (1996) summarized a study that documented the reproductive success of 
pelicans exposed to DDT over a 5 year period. The pelicans were exposed to DDT via 
consumption of anchovies, which were monitored for DDT concentrations over the course of 
the study. The lowest anchovy DDT concentration documented, 0.015 mg/kg (wet weight), 
was coincident with a reproductive success rate 30 percent below that required to maintain a 
stable population. Both Sample et al. and EPA (as cited in Sample et al.} have considered 
this exposure level to be a chronic LOAEL. Sample et al. estimated a chronic NOAEL by 
multiplying the LOAEL by an uncertainty factor of 0.1. These exposure levels were 
converted to NOAEL and LOAEL RfDs of 0.0028 mg/kg/day and 0.028 mg/kg/day using 
literature derived pelican body weights and food consumption rates. It should be noted that 
although DDD and DDE were not mentioned in the summary of this study provided by 
Sample et al. (1996). These compounds would be expected to occur along with DDT in the 
anchovy tissue, and would likely have contributed to the observed toxicity to pelicans. 
Therefore, the RfDs based on this study were applied to each DDT residue individually, but 
were also considered to be applicable to the summed total of DDT residues (DDTR). 

Total Chlordanes 

Sample et al. (1996) summarized a study that documented adverse impacts to red-
winged blackbirds exposed to three dietary levels of chlordane. The study documented a 
26 percent mortality in test animals over a 10 week exposure period at an exposure level of 
50 mg/kg. No adverse effects were observed in test animals at an exposure level of 
10 mg/kg. Sample et al. considered the 10 mg/kg exposure to be a NOAEL and the 50 mg/kg 
exposure to be a LOAEL. These values were converted to NOAEL and LOAEL RfDs of 
2.14 mg/kg/day and 10.7 mg/kg/day using the body weight of the birds reported in the 
original study and an allometric equation to estimate a food consumption rate. 

Total Rndnsnlfans 

Sample et al. (1996) summarized a study that failed to document adverse impacts to 
gray partridge exposed to three dietary levels (5, 25, and 125 ppm) of Endosulfan for 4 weeks 
during a life stage critical to reproduction. The maximum dose applied was considered to be 
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a chronic LOAEL, and was converted to a RfD of 10 mg/kg/day using the body weight of the 
birds reported in the original study and an allometric equation to estimate a food consumption 
rate. 

Methnxychlnr 

EXTOXNET (1996) cites a study which reported that dietary levels of methoxychlor 
as high as about 145 mg/kg/day had no effects on reproductive function of male and female 
chickens over 8 to 16 weeks. We conservatively divided this value by an uncertainty factor 
of 10 to estimate a NOAEL of 14.5 mg/kg/day. 

T70 INORGANIC CONTAMINANTS 

Aluminum 

A chronic ( four month critical lifestage) study of silver exposed ringed doves was 
described in Sample et al., 1996. A single dose of 1000 ppm of aluminum was administered 
orally to ring doves via diet, and no effects were observed. Based on the food consumption 
rate (0.017 kg/d) and body weight (0.155 kg), a chronic NOAEL was estimated to be 109.7 
mg/kg/d. 

Arsenic 

Sample et al. (1996) summarized a chronic (7 months) study of cowbirds exposed to 
arsenic in the form of copper acetoarsenite (approximately 44% arsenic). Four doses (25, 75, 
225, and 675 ppm) were administered orally via the diet to cowbirds. Twenty percent 
mortality was observed in the cowbird group exposed to 75 ppm, and no observed effects 
were observed at 25 ppm. Based on body weight (0.049 kg) and food consumption rate 
(0.01087 kg/d), the chronic LOAEL and NOAEL were calculated at 7.38 mg/kg/d and 2.46 
mg/kg/d, respectively. 

Rarinm 

Sample et al. (1996) described a subchronic study of 1-day old chicks exposed to 
eight doses (250, 500, 100, 200, 4000, 8000, 16,000, and 32,000 ppm) of barium hydroxide. 
Five percent mortality was observed in the group exposed to 4000 ppm, and barium 
exposures up to 2000 ppm lead to no significant effects. Based on body weight (0.121 kg) 
and food consumption rate (0.0126 kg/d), subchronic LOAEL and NOAEL were calculated at 
416.53 and 208.26 mg/kg/d, respectively. Chronic LOAEL of 41.7 mg/kg/d and chronic 
NOAEL of 20.8 mg/kg/d were estimated by dividing the subchronic benchmarks by an 
uncertainty factor of 0.1. 
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Beryllium 

Information regarding toxicity of beryllium to avian wildlife was not available in 
Sample et a/.,' 1996. However, beryllium toxicity to rats was described in Sample et al. 
(1996) and chronic NOAEL presented in this study were divided by an uncertainty factor of 
10 to calculate this benchmark for the great blue heron. One dose of 5 ppm beryllium sulfate 
was administered to rats orally in water, and produced no significant effects. Because the 
study duration was greater than one year, this dose was considered to be the chronic NOAEL. 

Cadmium 

Sample et al. (1996) cited a chronic (90 day critical life stage) study which evaluated 
reproductive harm to mallard ducks exposed to cadmium chloride via diet. Body weights and 
food consumption rates were obtained from the original study. The LOAEL dose (210 mg/kg 
diet or 20.03 mg/kg/day) resulted in a significant reduction in egg-laying, while the NOAEL 
dose (15.2 mg/kg diet or 1.45 mg/kg/day) had no effect. Scheuhamrner (1991) mentions a 
study that documented decreased egg production and eggshell thinning in chickens fed a diet 
containing 48 mg/kg cadmium. 

Although the large interval between the NOAEL and LOAEL introduces some 
uncertainty, the study documented an ecologically relevant effect over a substantial exposure 
period. Based on these uncertainties, our confidence in these benchmark doses is moderate. 
It is reasonable to expect that exceedance of the LOAEL would elicit some effect on the local 
population of herons, and that doses below the NOAEL would have no effect. 

Chromium 

Sample et al. (1996) described a chronic study (ten months) of black ducks exposed 
to two doses (10 and 50 ppm) of trivalent copper in the diet. At 50 ppm, duckling survival 
was reduced, but no effects were observed at 10 ppm. Based on the body weight (1.25 kg) 
and food consumption rate (125 g food /day) of black ducks, and chronic LOAEL and 
NOAEL were calculated to be 5 mg/kg/d and Img/kg/d, respectively. 

Manganese 

Sample et al. (1996) summarized a chronic study (75 days) of manganese toxicity to 
20 day old Japanese quails. One dose of 5000 ppm manganese was administered to the birds 
through the diet. Manganese consumption estimated at 977 mg/kg/d resulted in no 
significant adverse effects. Thus, this dose was considered to be the chronic NOAEL. 

Mercury 

For the purposes of this risk assessment, we assumed that all of the mercury ingested 
by the heron, including mercury associated with incidentally ingested sediment, would be in 
the form of methylmercury. Methylmercury is substantially more toxic and bioaccumulative 
than inorganic forms. Although nearly all (95-100%) of the mercury present in fish is 
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methylmercury, obtained mostly from the diet, total concentrations of mercury in sediment, 
water, and biota in lower trophic levels (below fish) are not reliable predictors of 
methylmercury concentrations in fish (USGS, 1996). Generally the vast majority of mercury 
in an aquatic ecosystem is in the inorganic form (about 95 to 99%), and the vast majority of 
mercury in an aquatic ecosystem is found in the sediments (USGS, 1996). 

Sample et al. (1996) summarized a study that documented reproductive impairment 
in mallard ducks exposed to 0.5 mg/kg methylmercury dicyandiamide in diet over three 
successive generations. Sample et al. considered this exposure level to be a LOAEL and 
derived a NOAEL by multiplying by an uncertainty factor of 0.1. Sample et al. converted 
these values to NOAEL and LOAEL RfDs of 0.0064 mg/kg/day and 0.064 mg/kg/day using a 
literature derived body weight and the food consumption rate reported in the original study. 

Nickel 

Sample et al. (1996) summarized a study that documented the effects of dietary nickel 
on Mallard ducklings exposed to three exposure levels for 90 days. Ducklings exposed to 
1,069 mg/kg nickel experienced reduced growth and 70 percent mortality, while those 
exposed to 774 mg/kg did not experience adverse effects. Sample et al. considered the 1,069 
exposure to be a LOAEL and the 774 mg/kg exposure to be a NOAEL. These values were 
converted to NOAEL and LOAEL RfDs of 77.4 mg/kg/day and 107 mg/kg/day using body 
weights reported in the original study and a literature derived food consumption rate. 

Selenium 

Sample et al. summarized several studies that documented adverse effects to avian 
receptors exposed to dietary selenium. We conservatively applied RfDs derived from the 
study that reported the lowest measured effects levels. This study reported a reduction in 
mallard duckling survival after exposure to 8 mg/kg dietary selenium over 100 days, with no 
adverse effects reported at a level of 4 mg/kg. Sample et al. considered 8 mg/kg to be a 
LOAEL and 4 mg/kg to be a NOAEL. These values were converted to NOAEL and LOAEL 
RfDs of 0.4 mg/kg/day and 0.8 mg/kg/day using body weights and food consumption rates 
reported in the original study. 

Silver 

There was no available information regarding silver toxicity to avian or terrestrial 
wildlife in Sample et al. (1996). However, in a review paper of silver toxicity and 
bioaccumulation by Ratte, 1999, silver toxicity to mammals was described. No observed 
adverse effects were observed to mice orally exposed to silver in the form of silver chloride at 
the dose of 18.1 mg/kg/d. This dose was the lowest NOAEL reported in Ratte (1999). 
Therefore, we divided the NOAEL for mice by an uncertainty factor of 10 to estimate to 
NOAEL for the great blue heron. 
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Thallium 

Toxicological information regarding thallium exposure to avian wildlife was not 
available in Sample et al. (1996), but a subchronic (60 days) thallium exposure study to 
mammalian wildlife was described. One dose of 10 ppm thallium administered orally to rats 
resulted in reduced sperm motility. The mean daily intake of thallium was estimated to be 
0.74 mg/kg/d, and this dose was considered to be the subchronic LOAEL. The chronic 
LOAEL of 0.074 mg/kg/d was estimated by multiplying the value by an uncertainty factor of 
0.1, and the chronic NOAEL of 0.0074 mg/kg/d was estimated by multiplying the chronic 
LOAEL by 0.1. 

Vanadium 

A chronic (12 week) study of mallard ducks exposed to three doses (2.84, 10.36, 110 
ppm) of vanadium in the diet was described by Sample et al. (1996). No adverse effects were 
observed at 110 ppm. Based on body weight (1.17 kg) and food consumption weight (0.121 
kg/d), the chronic NOAEL was calculated to be 11.38 mg/kg/d. 

Zinc 

Sample et al. (1996) summarized a chronic study (44 weeks) of white leghorn hens 
exposed to three doses (20, 200, 2000 ppm) of supplemental zinc plus 28 ppm of zinc in the 
diet. Reduced egg hatchability was observed at 2028 ppm, but no adverse effects were 
observed at 48 and 228 ppm. Based on body weight and food consumption rate (1.935 kg 
and 123 g/d, respectively in the 228 ppm dose group, and 1.766 kg and 114 g/d, respectively 
in the 2028 dose group) the chronic NOAEL and LOAEL were calculated to be 14.5 mg/kg/d 
and 131 mg/kg/d, respectively. 

4.00 RISK ESTIMATES FOR THE GREAT BLUE HERON 

EPCs were converted to estimated daily doses using the exposure assumptions described in 
Section 2.00. Weighted EPCs are presented on Table 1-24,1-25, and 1-26. These estimated 
doses are presented on Tables 1-27 through 1-32. Estimated daily doses were compared to the 
toxicological RfDs (LOAELs and NOAELS) described above, and comparisons are presented 
on Tables 1-33 through 1-38. Comparisons are presented as Toxicity Quotients (TQs), which 
are simply the estimated dose divided by the RfD. TQs have been summed to yield Hazard 
Quotients (HQs); HQs were calculated separately for the organic contaminants and the 
inorganic contaminants, and also as a total HQ for the exposure point. Table 1-39 presents a 
summary of contaminants which exceeded their LOAELs or NOAELs, and presents those 
His which are greater than 1. 

In evaluating exceedances of the RfDs, emphasis is given to exceedances of the LOAELs. 
LOAEL-based TQs greater than 1 indicate that the estimated dose exceeded a dose which has 
been shown to cause adverse effects to a test organism. Exceedance of a NOAEL, on the 
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other hand, indicates that the predicted exposure level is greater than the highest known 
"safe" level of exposure, but does not necessarily indicate that there is a significant level of 
risk. There are often great discrepancies and wide intervals between literature reported 
NOAELs and LOAELs. For instance, the LOAEL for heron exposure to cadmium 
(20.03 mg/kg/day) is nearly 14 times greater than the NOAEL of 1.45 mg/kg/day. 
Conversely, the LOAEL for heron exposure to nickel, 107 mg/kg/day, is only slightly higher 
than the NOAEL of 77.4 mg/kg/day. Our assessment places a higher degree of confidence in 
NOAELs which do not differ greatly from the original study's LOAEL. 

Table 1-33 summarizes TQs for the CLF Drainage Area. Butylbenzylphthalate slightly 
exceeded the NOAEL, with a TQ of 1.93, but did not exceed the LOAEL. The pesticide 
DOT slightly exceeded the LOAEL-based RfD, with a TQ of 3.66. The LOAEL based TQ 
for total DDTR was 3.75. Beryllium slightly exceeded the NOAEL with a TQ of 1.33; there 
was no available LOAEL-based RfD for beryllium. The estimated dose of mercury slightly 
exceeded the NOAEL, with a TQ 4.74, but did not exceed the LOAEL. The estimated dose 
of thallium exceeded the LOAEL with a TQ of 7.36, and exceeded the NOAEL with a TQ of 
73.6. The NOAEL and LOAEL-based total HQs were 122 and 12.4, respectively. 

Table 1-34 summarizes TQs for the heron based on the assumption that the Upper Simmons 
Reservoir comprises the entire foraging range of a heron. None of the contaminants exceeded 
LOAEL RfDs. The LOAEL-based HQs for organic COPECs was less than one. 
Butylbenzylphthalate slightly exceeded the NOAEL-based RfD with a TQ of 3.57. Beryllium 
slightly exceeded its NOAEL with a TQ of 1.57. The NOAEL and LOAEL-based total HQs 
were 0.7 and 8.6, respectively. 

To gauge the magnitude of difference the use of maximum sediment and surface water 
concentrations would make to the risk estimates for the heron, the heron food web model for 
the Upper Simmons Reservoir was re-run using maximum concentrations. In general, 
maximum-based TQs for individual COPECs were on the order on 50 percent to 4 times 
higher than the average-based TQs; the LOAEL-based and NOAEL-based total His 
calculated using maximums were about 2 times greater than those based on average COPEC 
concentrations. Use of maximum concentrations did not result in LOAEL exceedances by 
any of the individual COPEC, however the LOAEL-based total HI increased from 0.7 based 
on average concentrations to 1.8 based on maximum concentrations. Use of the maximum 
concentrations resulted in additional exceedances of the NOAEL by individual contaminants; 
these exceedances were by DDT (and DDTR), and thallium, with NOAEL-based TQs of 1.1 
(2.0), and 5.8, respectively. The NOAEL-based total HQ increased from 8.6 based on 
average concentrations, to 21 based on maximum concentrations. 

Table 1-35 summarizes TQs for the north basin of the Upper Simmons Reservoir. None of 
the contaminants exceeded LOAEL RfDs. NOAEL-based RfDs were slightly exceeded by 
butylbenzylphthalate, DDE, total DDTR, and thallium with TQs of 2.82, 1.20, 2.70, and 6.73 
respectively. The total NOAEL and LOAEL-based HQs were 16.4 and 1.6, respectively. 
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Table 1-36 presents TQs based on the assumption that the Lower Simmons Reservoir 
comprises the entire foraging range of a heron. DOT, total DDTR, and thallium exceeded the 
LOAEL RfDs with TQs of 6.45, 6.54, and 12.8, respectively. Beryllium slightly exceeded its 
NOAEL with a TQ of 1.19. The NOAEL and LOAEL-based total HQs were 193 and 19.8, 
respectively. 

Table 1-37 summarizes TQs for Sed Ponds 2&3 and Channels. Estimated doses of 
benzo(a)anthracene, benzo(a)pyrene, and mercury exceeded their RfDs with LOAEL TQs of 
1.3, 3.1, and 4.01, respectively. The NOAEL and LOAEL-based total HQs were 90 and 8.7, 
respectively. 

Table 1-38 summarizes TQs for Sed Pond 4. Butylbenzylphthalate was the only COPEC to 
exceed its RfDs: the estimated daily dose exceeded the LOAEL dose with a TQ of 1.4, and 
the NOAEL-TQ was 14.4. 

5.00 RISK CHARACTERIZATION FOR THE GREAT BLUE HERON
 

The following paragraphs express the results of the food web analysis for the heron within the 
context of available lexicological information and contaminant distribution at the site. The 
intention of this section is to characterize and describe potential risks to receptors, and to 
provide a technical narrative supporting the risk estimates. Although sources of uncertainty 
in the risk estimate are mentioned throughout this risk description, more detailed discussions 
of uncertainties are presented in Section 6.00. 

S. I  O RISKS FROM DDTR 

DOT and total DDTR were the only PCB and pesticide COPECs which resulted in estimated 
doses above their LOAELs. Estimated doses of DDT/DDTR exceeded the LOAEL for the 
entire CLF Drainage Area, however, this exceedance was the result of a 0.0001 mg/1 
detection of DOT in a single unfiltered surface water sample (sample SW98-54) from the 
Lower Simmons Reservoir. Given the highly hydrophobic nature of DOT and the fact that 
DDT was not detected in Lower Simmons Reservoir sediment, it is likely that the detection 
was due to suspended matter in the sample. Although suspended solids were not detected in 
this sample at a MDL of 10 mg/1, if it is assumed that TSS is present at one-half the MDL the 
concentration of DDT associated with the suspended solids would only need to be 
0.00002 mg/kg to account for the 0.0001 mg/1 detection. If this outlying surface water data 
point is not included in the input data set for the Gobas model, none of the sediment EPCs for 
DDT or DDTR are high enough to result in an exceedance of the LOAEL RfD. 

Given the agricultural history of the USR and LSR watershed, and the pattern of detection for 
DDT, DDE, and DDD it is unlikely that DDTR present in these waterbodies resulted from 
Central Landfill. Although risks to the heron from ingestion of DDTR cannot be ruled out 
due to the single detection in sample SW98-54, it is unlikely that the landfill contributed to 
this risk estimate. 
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S.?.n RISKS FROM MF.Rr.TTRY 

The risk estimates suggest that herons may be exposed to potentially harmful dietary mercury 
concentrations while foraging at the sedimentation ponds, where estimated mercury doses 
exceeded the LOAEL RfD. As described in Section 3.20, the RfDs used for evaluation of 
heron exposure to mercury were based on a study in which methylmercury dicyandiamide 
was administered to mallard ducks, resulting in a significant reduction in reproductive 
success. It should be noted that mallards may possess less capability to detoxify 
methylmercury than other duck species, and piscivorous birds such as the heron likely 
possess a greater ability to detoxify methylmercury than do non-piscivorous birds like 
mallards (EPA, -(1997 - Volume VI). 

The Massachusetts Department of Environmental Protection (MA DEP) recently published a 
report documenting the sediment, water and fish tissue mercury concentrations found in 24 of 
the state's "least-impacted" waterbodies (MA DEP, 1997). Sediment mercury concentrations 
ranged from 0.029 mg/kg to 0.425 mg/kg (average = 0.22 mg/kg). The average fish tissue 
concentrations were 0.31 mg/kg (yellow perch), 0.40 mg/kg (largemouth bass), and 0.14 
mg/kg (brown bullhead). The EPA Mercury Study Report to Congress (EPA, 1997 - Volume 
III) reported a nationwide mean bass tissue concentration of 0.38 mg/kg. 

EPA (1997 - Volume VI) concluded that predatory wildlife, particularly piscivorous (fish
eating) birds and mammals are potentially at risk from consumption of methylmercury in 
contaminated prey. The risks to wildlife were concluded to be greatest in regions receiving 
the highest levels of atmospheric mercury deposition, notably the Northeast. 

The mean mercury concentrations detected in sediment samples for each of the exposure 
points evaluated in the heron risk characterization were within the range reported for 
relatively unimpacted waterbodies, and the fish tissue concentrations calculated for the 
exposure model are similar to tissue concentrations measured in fish from other freshwater 
lakes in the region. The risk estimate for heron exposure to mercury in fish is consistent with 
other risk estimates for piscivorous wildlife (e.g., EPA, 1997). Based on available 
information regarding regional contamination of waterbodies by atmospherically deposited 
mercury, it is unlikely that the risks to herons associated with consumption of mercury are 
related to the landfill. 

S30 RISKS FROM RTrrVT.RFN7YT.PHTH AT. ATF.; THAT.T.TIIM RF.N7D(A)
ANTHR Ar.FNR AND RFN7O(A)PVRFNF 

Butylbenzylphthalate slightly exceeded its LOAEL in Sedimentation Pond 4 with a TQ of 
1.44. However, as discussed in Section 4.0, there were no benchmarks identified for 
butylbenzylphthalate. Thus, we conservatively used the LOAEL-based RfD for 
di-n-butylyphthalate, which was the lowest reference dose for a phthalate based compound 
reported for avian wildlife in Sample et al., 1996. Additionally, results from Sedimentation 
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Pond 4 were based on a single surface water sample. Because the exceedance of the LOAEL 
was less than a factor of two, we do not expect the potential for risk to the great blue heron in 
Sedimentation Pond 4. 

The estimated daily dose for thallium exceeded the LOAEL in Lower Simmons Reservoir 
with a TQ of 12.8. However, there were no available thallium RfDs for avian wildlife. Thus, 
we used the LOAEL reported for the rat divided by an uncertainty factor often. Based on the 
uncertainty of this benchmark, we do not believe the exceedance of the LOAEL is indicative 
of potential for risk to the great blue heron in Lower Simmons Reservoir (See Section 6.00). 
We would not expect the actual LOAEL for avian wildlife to be comparable to the reference 
dose based on thallium toxicity to the physiologically dissimilar rat. 

The RfDs used for both benzo(a)anthracene and benzo(a)pyrene, were based on a LOAEL for 
rats of lOmg/kg/day divided by an uncertainty factor of 10 to account for the extrapolation 
from mammals to birds. Estimated daily doses for these PAHs resulted in LOAEL TQs of 
just 1.3 and 3.1 in the Sed Ponds 2&3 and Stream Channels exposure area. Since the 
LOAEL TQs are less than 10, the use of mammal RfDs for birds presents a high degree of 
uncertainty, and the Sed Ponds 2&3 and Stream Channels exposure area consists of 
engineered waterbodies which are used to manage migration of sediments from the landfill 
facility, it is our opinion that these PAHs do not present a significant risk of harm to herons or 
similar birds which may feed within Sed Ponds 2&3 and Stream Channels. 

6.00 UNCERTAINTIES 

As mentioned above, we conservatively assumed that the total organic carbon (TOC) content 
of suspended solids (TSS) in each of the exposure points equaled the mean TOC content of 
the bottom sediment. Current scientific literature suggests that this assumption may 
underestimate the TSS TOC content by an order of magnitude (e.g., Campfens and Mackay, 
1997). Table 1-40 presents an analysis of the effect of TSS TOC on body burdens predicted 
by the Gobas model. For this analysis, we used sediment and surface water data from the 
Upper Simmons Reservoir North Basin, and varied the TSS TOC input from the mean 
sediment fraction of 0.02065 to a TSS TOC input one order of magnitude higher (0.2065). 
The analysis was performed for Aroclor 1254, DDT, DDE, and ODD. 

Assuming a higher TSS TOC content consistently results in significant decreases in predicted 
body burden concentrations and freely dissolved surface water concentrations. The decreased 
concentrations with increased TSS TOC are the result of greater predicted sorption to TSS. 
The contaminant with the highest log Kow, DDE, showed the greatest change with a change 
in TSS TOC. Fish tissue concentrations of DDT and its metabolites were approximately 6 to 
8 times higher when the sediment TOC was used to estimate TSS TOC. The conservative 
uncertainty associated with this assumption may have resulted in an overestimation of 
potential risks to great blue heron populations. 
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As noted in Section 3.20, total concentrations of mercury in sediment, water, and biota in 
lower trophic levels (below fish) are not reliable predictors of methylmercury concentrations 
in fish (USGS, 1996). To reduce the possibility that prediction of tissue concentrations from 
sediment or water concentrations would underestimate field conditions, we made reasonably 
conservative assumptions regarding mercury bioconcentration. The predicted tissue 
concentrations of mercury were generally slightly higher than the detection limits used in the 
1993 ESS study of mercury in the USR and LSR (see Appendix K), confirming that the 
bioconcentration calculations for mercury are unlikely to have underestimated fish tissue 
concentrations. However, based on available data regarding mercury distribution in the 
northeastern U.S., it is likely that fish tissue do contain some low level of methylmercury. 

There is a high degree of uncertainty in the use of the reference dose based benchmarks for 
1,2-dichlorobenzene, 1,4-dichlorobenzene, chlorobenzene, benzo(a)pyrene, benzo(a)
anthracene, benzo(b)fluoranthene, beryllium, and thallium. These benchmarks reported in 
Sample et al. (1996) were derived from studies of toxicological effects to mammals using rat 
or mice as the test species. Interclass differences in physiological, biochemical, and 
behavioral factors including uptake, metabolism, and disposition would most likely result in 
significant differences in the toxicity of these contaminants between avian and mammalian 
species. Sample et al. (1996) stated that interclass extrapolation would carry a high degree of 
uncertainty, and was not performed for the purpose of deriving benchmarks for avian and 
mammalian wildlife receptors. 
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TABLE 1-1 2/9/01 

SEDIMENTATION PONDS 2 AND 3 SEDIMENT
 
SUMMARY OF ANALYTICAL DATA
 

Central Landfill - OU2 Remedial Investigation
 
Johnston, Rhode Island
 

(ppm)
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Volatile Organic Compounds 

1,1,1 -Trichloroethane 1 / 9 0.002 SED95-15 0.002 
Acetone 2 / 9 0.0728 - 0.20 SED95-37 0.043 
Chlorobenzene 5 / 9 0.004 - 0.044 SED95-14 0.012 
Methyl ethyl Ketone 3 / 9 0.01 - 0.07 SED95-37 0.017 
Toluene 1 / 9 0.01 SED95-37 0.006 

Semivolalile Organic Compounds 

\ ,4-Dichlorobenzene 1 / 9 0.046 SED95-41 0.046 
4-Methylphenol 4 / 9 0.057 - 0.38 SED95^tO 0.226 
Acenaphthene 2 / 9 0.055 - 0.10 SED95-10 0.078 
Anthracene 5 / 9 0.052 - 0.30 SED95-10 0.178 
Benzo(a)anthracene 8 / 9 0.12 - 1 SED95-40 0.308 
Benzo(a)pyrene 8 / 9 0.12 - 0.98 SED95^»0 0.294 
Benzo(b)fluoranthene 8 / 9 0.138 - 1.5 SED95-40 0.444 
Benzo(g,h,i)perylene 7 / 9 0.058 - 0.34 SED95-40 0.14 
Benzo(k)fluoranthene 7 / 9 0.051 - 0.23 SED95-37 0.122 
bis(2-Ethylhexyl)phthalate 8 / 9 0.525 - 3.1 SED95-37 1.244 
Butylbenzylphthalate 7 / 9 0.073 - 0.494 SED95-35 0.222 
Carbazole 3 / 9 0.055 - 0.11 SED95-40 0.076 
Chrysene 8 / 9 0.119 - 1 SED95-40 0.305 
Di-n-butylphthalate 2 / 9 0.1 - 0.22 SED95-35 0.174 
Di-n-octylphthalate 6 / 9 0.05 - 0.37 SED95-37 0.188 
Dibenzofuran 1 / 9 0.089 SED95^tO 0.089 
Fluoranthene 8 / 9 0.24 - 1.6 SED95-40 0.501 
Fluorene 3 / 9 0.063 - 0.12 SED95^»0 0.087 
Indeno{ 1 ,2,3-c,d)pyrene 8 / 9 0.051 - 0.31 SED95^tO 0.111 
Phenanthrene 8 / 9 0.130 - 0.97 SED95-40 0.333 
Phenol 2 / 9 0.088 - 0.1 SED95^0 0.094 
Pyrene 8 / 9 0.235 - 1.9 SED95^0 0.581 

Pesticides/PCBs 

Aldrin 6 / 9 0.0027 - 0.012 SED95-37 0.004 
alpha-Chlordane 1 / 9 0.0081 SED95-40 0.002 
gamma-Chlordane 3 / 9 0.0020 - 0.0062 SED95-40 0.002 
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TABLE 1-1 2/9/01 

SEDIMENTATION PONDS 2 AND 3 SEDIMENT
 
SUMMARY OF ANALYTICAL DATA
 

Central Landfill - OU2 Remedial Investigation
 
Johnston, Rhode Island
 

(ppm) 
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Metals 

Aluminum, total 9 / 9 4440 - 19800 SED95-41 13829
 
Arsenic, total 8 / 9 1.1 - 10.8 SED95-14 4.4
 
Barium, total 9 / 9 22 - 245 SED95-15 145
 
Beryllium, total 9 / 9 1.30 - 4.2 SED95^11 2.3
 
Cadmium, total 3 / 9 0.51 - 0.9 SED95-40 0.26
 
Calcium, total 9 / 9 485 - 9460 SED95-40 4558
 
Chromium, total 8 / 9 8 - 76.2 SED95-14 32
 
Cobalt, total 9 / 9 3 - 22.6 SED95-37 14
 
Copper, total 8 / 9 14 - 81.8 SED95-40 37
 
Iron, total 9 / 9 6400 - 37100 SED95^1 24228
 
Lead, total 9 / 9 6 - 179 SED95-40 68
 
Magnesium, total 9 / 9 504 - 9310 SED95-14 4407
 
Manganese, total 9 / 9 112 - 1210 SED95-15 673
 
Mercury, total 7 / 8 0.035 - 1 SED95^tl 0.17
 
Nickel, total 8 / 8 2 - 25 SED95-37 11
 
Potassium, total 9 / 9 671 - 10100 SED95-37 5368
 
Sodium, total 1 / 9 153 SED95-40 38
 
Vanadium, total 9 / 9 4 - 43 SED95-37 25
 
Zinc, total 9 / 9 45 - 467 SED95^0 224
 

Wet Chemestrv 

Cadmium 9 / 9 18 - 76 SED95-U 47.5
 
Copper 9 / 9 470 - 6200 SED95-40 3158
 
Mercury 5 / 9 0.51 - 177 SED95-35 20.3
 
Nickel 5 / 9 210 - 2000 SED95-14 635.8
 
Zinc 9 / 9 7600 - 34000 SED95-37 17756
 
AVS 9 / 9 1500 - 130000 SED95-37 59189
 
SEM/AVS ratio 9 / 9 0.14 - 0.95 ND 0.4
 
Percent Organic Carbon 9 / 9 0.13 - 3.2 SED95-10 1.3
 
Percent Solids 9 / 9 44 - 85.0 ND 62.9
 
Total Organic Carbon (TOC) 9 / 9 1270 - 31500 SED95-40 14790
 
pH 9 / 9 6.6 - 8 SED95-37 7.3
 

Notes: 

1.	 For the purpose of calculating arithmetic mean concentrations, one-half the method detection limit was
 
used to represent the concentrations of constituents reported as non-detects (ND), and the method detection
 
limit was used to represent the concentrations of constituents reported as "BMQL".
 

2.	 Analytical results were based on sediment samples: SED95-14, SED95-15, SED95-22, SED95-23, SED95-34, SED95-35,
 
SED95-37, SED95^tO, and SED95^»I collected in December 1995. SED 95-14 and SED 95-15 were collected from
 
Cedar Swamp Brook, and SED95-22 and SED95-23 were collected from Quarry Stream.
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TABLE 1-2 

SEDIMENTATION PONDS 2 AND 3 SURFACE WATER
 
SUMMARY OF ANALYTICAL DATA
 

Central Landfill - OU2 Remedial Investigation
 
Johnston, Rhode Island
 

(ppm)
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Volatile Organic Compounds 

1,1,1 -Trichloroethane 1 / 9 0.00069 SW95-41 5.20E-04
 
Benzene 1 / 9 0.00053 SW95-14 5.00E-04
 
Chlorobenzene 5 19 0.001 - 0.00550 SW95-14 2.58E-03
 
Chloromethane 3 / 9 0.00063 - 0.00125 SW95-22 6.70E-04
 
Ethylbenzene 1 / 9 0.00125 SW95-34 5.80E-04
 
Toluene 2 / 9 0.00056 - 0.00500 SW95-22 1.0 IE-03
 

Semivolatile Organic Compounds 

4-Methylphenol 1 19 0.00525 SW95-22 2.81E-03
 
Butylbenzylphthalate 1 / 9 0.00225 SW95-22 2.25E-03
 
Phenol 1 19 0.01475 SW95-22 3.86E-03
 

Pesticides/PCBs 

Aldrin 2 1 9 0.00001 - 0.00002 SW95-35 l.OOE-05 

Total Metals 

Aluminum, total 9 1 9 O.I - 1.6 SW95-37 6.30E-01
 
Arsenic, total 1 / 9 0.0020 SW95-23 1.34E-03
 
Barium, total 9 / 9 0.0244 - 0.068 SW95-37 5.50E-02
 
Beryllium, total 7 / 9 0.0004 - 0.004 SW95-22 1.17E-03
 
Cadmium, total 4 19 0.0002 - 0.001 SW95-40 2.10E-04
 
Calcium, total 9 19 7.1 - 52.9 SW95-40 3.35E401
 
Chromium, total 6 19 0.0006 - 0.0021 SW95-35 1.20E-03
 
Cobalt, total 6 19 0.0006 - 0.0019 SW95-14 1.07E-03
 
Copper, total 1 19 0.0039 SW95-23 3.27E-03
 
Cyanide, total 1 19 0.0115 SW95-40 5.72E-03
 
Iron, total 9 1 9 1.1 - 4.2 SW95-14 2.65E-K)0
 
Lead, total 5 / 9 0.0 - 0.0 SW95-23 2.47E-03
 
Magnesium, total 9 19 2.1 - 10.4 SW95-14 7.87E+00
 
Manganese, total 9 1 9 0.1 - 2.9 SW95-14 1.53E+00
 
Mercury, total 7 19 0.0001 - 0.0008 SW95-23 3.00E-04
 
Nickel, total 2 19 0.0016 - 0.0059 SW95-37 3.13E-03
 
Potassium, total 9 1 9 0.9900 - 21.7500 SW95-40 I.08E-K)!
 
Selenium, total \ 1 9 0.0039 SW95-34 2.03E-03
 
Sodium, total 9 1 9 6.9 - 52.2 SW95-34 3.34E-K)!
 
Vanadium, total 6 / 9 0.001 - 0.006 SW95-37 2.65E-03
 
Zinc, total 9 / 9 0.018 - 0.387 SW95-37 7.22E-02
 

g:\31864.z23\31864-OO.IjcVcalcsVeco-tab\Z230023w.xls\PONDS 2&3 SW SUM 



File No 31864-00 
Page 2 of 2 

2/9/01 TABLE 1-2 

SEDIMENTATION PONDS 2 AND 3 SURFACE WATER
 
SUMMARY OF ANALYTICAL DATA
 

Central Landfill - OU2 Remedial Investigation
 
Johnston, Rhode Island
 

(ppm) 
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Dissolved Metals 

Aluminum (Al) 1 / 9 0.39 SW95-23 4.73E-02 
Arsenic (As) 1 /9 0.0025 SW95-23 1.27E-03 
Barium (Ba) 9 / 9 0.03 - 0.11 SW95-35 6.14E-02 
Beryllium (Be) 2 /9 0.00 - 0.00 SW95-22 8.00E-04 
Cadmium (Cd) 1 / 9 0.00044 SW95-23 1.90E-04 
Calcium (Ca) 9 /9 8.75 - 67.00 SW95-22 4.09E-KH 
Chromium (Cr) 1 /9 0.0013 SW95-23 6.90E-04 
Cobalt (Co) 1 /9 0.0018 SW95-23 6.30E-04 
Copper (Cu) 1 /9 0.0049 SW95-23 1 .84E-03 
Iron (Fe) 4 / 9 0.98 - 1.82 SW95-14 6.66E-01 
Lead (Pb) 1 /9 0.0017 SW95-23 6.30E-04 
Magnesium (Mg) 9 /9 2.88 - 14.90 SW95-14 9.46E+00 
Manganese (Mn) 9 /9 0.15 - 4.20 SW95-I4 1.79E+00 
Nickel (Ni) 3 / 9 0.0019 - 0.02 SW95-35 4.74E-03 
Potassium (K) 8 / 9 1.58 - 15.00 SW95-41 1.03E+01 
Selenium (Se) 3 /9 0.01 - 0.01 SW95-14 3.89E-03 
Sodium (Na) 8 / 9 18.20 - 69.70 SW95-14 4.08E+01 
Vanadium (V) 5 / 9 0.0031 - 0.0048 SW95-14 2.66E-03 
Zinc (Zn) 1 /9 0.07 SW95-22 1.5 IE-02 

Wet Chemistry 

Ammonia (N) 9 /9 0.2 - 8.8 SW95-34 4.13E+00 
Hardness 9 /9 43 - 290 SW95-40 1.59E+02 
Nitrate (N) 9 / 9 0.1 - 7.6 SW95-40 2.06E+00 
Nitrite (N) 8 / 9 0.005 - 0.2 SW95-41 5.5 IE-02 
Phosphate, total 8 / 9 0.045 - 0.4 SW95-14 1.71E-01 
Total Dissolved Solids (TDS) 9 / 9 70 - 340 SW95-34 2.49E+02 
Total Kjeldahl Nitrogen (TKN) 7 /9 2.1 - 13.7 SW95^1 6.60E+00 
Total Suspended Solids (TSS) 6 /9 6.5 - 48 SW95-34 1.33E+01 

Notes: 

1. For the purpose of calculating arithmetic mean concentrations, one-half the method detection limit was used to represent
 
the concentrations of constituents reported as non-detects (ND), and the method detection limit was used to represent the
 
concentrations of constituents reported as "BMQL".
 

2.	 Analytical results based on time averaged concentrations for surface water samples: SW95^»0, SW95^1, SW95-34, SW95-35, and
 
SW95-37.
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SEDIMENTATION POND 4 SEDIMENT
 
SUMMARY OF ANALYTICAL DATA
 

Central Landfill - OU2 Remedial Investigation
 
Johnston, Rhode Island
 

(ppm)
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Metals 

Aluminum, total / 5590 SED95-24 5590
 
Barium, total / 98 SED95-24 98
 
Beryllium, total / 0.1 SED95-24 0.1
 
Calcium, total / 1550 SED95-24 1550
 
Chromium, total / 8.4 SED95-24 8
 
Cobalt, total / 7.1 SED95-24 7
 
Copper, total / 10.9 SED95-24 11
 
Iron, total i / 9470 SED95-24 9470
 
Magnesium, total i / 3500 SED95-24 3500
 
Manganese, total i / 144 SED95-24 144
 
Nickel, total i 3.2 SED95-24 3.2
 
Potassium, total i // 3910 SED95-24 3910
 
Vanadium, total i / 11.4 SED95-24 11.4
 
Zinc, total i / 24 SED95-24 24
 

Wet Chemestry 

Cadmium i / 6 SED95-24 6
 
Copper 450 SED95-24 450
 
Nickel 

// 500 SED95-24 500
 
Zinc / 2000 SED95-24 2000
 
AVS / 21000 SED95-24 21000
 
SEM/AVS ratio / 0.14 SED95-24 0.14
 
Percent Organic Carbon 0.18 SED95-24 0.18
 
Percent Solids 

// 80 SED95-24 80
 
Total Organic Carbon (TOC) / 1810 SED95-24 1810
 
PH / 6.2 SED95-24 6.2
 

Notes: 

1. For the purpose of calculating arithmetic mean concentrations, one-half the method detection limit was used to represent the 
concentrations of constituents reported as non-detects (ND), and the method detection limit was used to represent the concentrations of 
constituents reported as "BMQL". 

2. Analytical results were based on sediment samples: SED95-24. 

QA: TLB Date: 8/27/97 
CFWDate: 11/17/98 
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Semivolatile Organic Compounds 

Butylbenzylphthalate 

Total Metals 

Aluminum, total 
Arsenic, total 
Barium, total 
Calcium, total 
Chromium, total 
Cobalt, total 
Copper, total 
Iron, total 
Magnesium, total 
Manganese, total 
Mercury, total 
Nickel, total 
Potassium, total 
Sodium, total 
Vanadium, total 
Zinc,total 

TABLE 1-4 

SEDIMENTATION POND 4 SURFACE WATER
 
SUMMARY OF ANALYTICAL DATA
 

Central Landfill - OU2 Remedial Investigation
 
Johnston, Rhode Island
 

(ppm) 
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i / i 0.010 SW95-24 

/ 0.042 SW95-24 
/ 0.004 SW95-24 
/ 0.038 SW95-24 
/ 21 SW95-24 
/ 0.002 SW95-24 
/ 0.001 SW95-24 
/ 0.009 SW95-24 
/ 0.136 SW95-24 
/ 6.5 SW95-24 
/ 0.044 SW95-24 
/ 0.001 SW95-24 
/ 0.003 SW95-24 
/ 9.0 SW95-24 
/ 12 SW95-24 
/ 0.002 SW95-24 
/ 0.034 SW95-24 
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0.010 

0.042 
0.004 
0.038 
21.100 
0.002 
0.001 
0.009 
0.136 
6.525 
0.044 

0.00058 
0.0027 
9.040 
11.945 
0.002 
0.034 

QA:CJH DATE: 08/14/97 
CFWDate: 11/17/98 
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Dissolved Metals 

Arsenic (As)
 
Barium (Ba)
 
Beryllium (Be)
 
Calcium (Ca)
 
Chromium (Cr)
 
Cobalt (Co)
 
Copper (Cu)
 
Iron (Fe)
 
Magnesium (Mg)
 
Manganese (Mn)
 
Nickel (Ni)
 
Potassium (K.)
 

Wet Chemistry 

Ammonia (N)
 
Hardness
 
Nitrate (N)
 
Nitrite (N)
 
Phosphate, total
 
Total Dissolved Solids (TDS)
 

Notes: 

SEDIMENTATION POND 4 SURFACE WATER
 
SUMMARY OF ANALYTICAL DATA
 

Central Landfill - OU2 Remedial Investigation
 
Johnston, Rhode Island 

(ppm) 
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/ 0.003 
/ 0.031 
/ 0.000 
/ 37.6 
/ 0.001 
/ 0.001 
/ 0.012 
/ 0.007 
/ 7.4 
/ 0.005 
/ 0.002 
/ 8.9 

/ 0.2 
/ 230 
/ 1.00 
/ 0.01 
/ 0.18 
/ 1 190.0 
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SW95-24 0.003 
SW95-24 0.031 
SW95-24 0.00041 
SW95-24 37.6 
SW95-24 0.001 
SW95-24 0.001 
SW95-24 0.012 
SW95-24 0.007 
SW95-24 7.44 
SW95-24 0.005 
SW95-24 0.0019 
SW95-24 8.86 

SW95-24 0.2
 
SW95-24 230
 
SW95-24 1
 
SW95-24 0.01
 
SW95-24 0.18
 
SW95-24 190
 

1. For the purpose of calculating arithmetic mean concentrations, one-half the method detection limit was used to 
represent the concentrations of constituents reported as non-detects (ND), and the method detection limit was used to 
represent the concentrations of constituents reported as "BMQL". 

3. Analytical results based on surface water samples: SW95-24. 

QA. OH DATE: 08/14/97 
CFWDate: 11/17/98 
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UPPER SIMMONS RESERVOIR SEDIMENT
 
SUMMARY OF ANALYTICAL DATA
 

Central Landfill - OU2 Remedial Investigation
 
Johnston, Rhode Island
 

(ppm) 
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Volatile Organic Compounds 

1,1 -Dichloroethane 1 / 17 0.004 SED93-26-O 4.00E-03 
2-Hexanone 1 / 17 0.057 SED93-26-O 1.94E-02 
Acetone 13 / 17 0.024 - 0.335 SED93-26-O 1.03E-01 
Benzene 3 / 17 0.006 - 0.021 SED93-29-ORE 1.18E-02 
Carbon Disulfide 4 / 17 0.004 - 0.1135 SED93-26-O 2.78E-02 
Chlorobenzene 6 / 17 0.003 - 0.076 SED95^»2 2.06E-02 
Methyl ethyl Ketone 9 / 17 0.01 - 0.1185 SED93-26-O 3.32E-02 
Methylene Chloride 9 / 17 0.01 - 0.045 SED93-27-O 1.86E-02 
Styrene 1 / 17 0.005 SED93-26-O 5.00E-03 
Tetrachloroethene 1 / 17 0.012 SED93-26-O 8.81E-03 
Toluene 4 / 17 0.002 - 0.041 SED93-22-O 1.67E-02 
Trichloroetnene 1 / 17 0.003 SED93-22-O 3.00E-03 
Xylenes 1 / 17 0.02 SED93-26-O 1.18E-02 

Semivolatile Organic Compounds 

2-Methylnaphtnalene 2 / 12 0.039 - 0.047 SED93-21-I 4.30E-02 
Acenaphthene 2 / 12 0.062 - 0.0755 SED98-51 6.88E-02 
Acenaphthylene 3 / 12 0.012 - 0.059 SED93-21-I 4.03E-02 
Anthracene 6 / 12 0.036 - 0.22 SED98-51 1.12E-01 
Benzo(a)anthracene 7 / 12 0.125 - 0.7 SED98-51 3.63E-01 
Benzo(a)pvrene 7 / 12 0.12 - 0.545 SED98-51 3.14E-01 
Benzo(b)fluoranthene 7 / 12 0.195 - 0.985 SED98-51 3.97E-01 
Benzo(g,h,i)perylene 6 / 12 0.054 - 0.21 SED95-*2 1.35E-01 
Benzo(k)fluoranthene 6 / 12 0.14 - 0.26 SED93-25-O 2.18E-01 
bis(2-Ethylhexyl)phthalate 12 / 12 0.042 - 18 SED95-43 2.11E+00 
Butylbenzylphthalate 3 / 12 0.029 - 0.345 SED98-51 2.25E-01 
Carbazole 2 / 5 0.065 - 0.16 SED98-51 1.13E-01 
Chrysene 8 / 12 0.023 - 0.775 SED98-51 3.70E-01 
Di-n-butylphthalate 8 / 12 0.028 - 0.2 SED93-21-O 1.24E-01 
Di-n-octylph thai ate 2 / 5 0.495 - 23.5 SED95^3 5.00E-KX) 
Dibenz(a,h)anthracene 3 / 5 0.049 - 0.357 SED98-51 1.83E-01 
Dibenzofuran 2 / 12 0.039 - 0.3215 SED98-51 2.42E-01 
Diethylphthalate 2 / 12 0.042 - 0.0865 SED93-26-O 5.50E-02 
Fluoranthene 11 / 12 0.012 - 1.45 SED98-51 4.43E-01 
Fluorene 4 / 12 0.023 - 0.105 SED98-51 7.15E-02 
Indeno( 1 ,2,3-c,d)pyrene 5 / 12 0.1 - 0.2 SED95^I2 1.64E-01 
Naphthalene 2 / 12 0.036 - 0.051 SED98-51 4.35E-02 
Phenanthrene 7 / 12 0.12 - 0.975 SED98-51 3.70E-01 
Pyrene 1 1 / 1  2 0.01 - 1.65 SED98-51 4.18E-01 

Pesticides/PCBs 

4,4'-DDD 6 19 0.0042 - 0.013 SED98-50 6.35E-03 
4,4'-DDE 4 1 9 0.0028 - 0.012 SED98-52 4.75E-03 
4,4-DDT 5 / 9 0.0018 - 0.047 SED98-50 8.64E-03 
alpha-Chlordane 3 /9 0.0035 - 0.0071 SED93-21-I 2.99E-03 
delta-BHC 3 /6 0.0055 - 0.0093 , SED98-52 4.4 IE-03 
Endosulfan-sulfate 1 / 6 0.0026 SED95-43 2.28E-03 
Endosulfan I 1 / 6 0.0051 SED98-52 2.00E-03 
gamma-Chlordane 3 /9 0.0017 - 0.0046 SED93-21-I 2.18E-03 
Methoxychlor 1 If, 0.01 SED98-51 9.25E-03 
PCB 1232 2 / 6 0.041 - 0.064 SED98-52 3.83E-02 
PCB 1242 2 1 9 0.06 0.066 SED93-21-1 3.67E-02 
PCB 1254 3 19 0.042 - 0.087 SED98-52 r\± VtvrfapffiimiQ-t 
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UPPER SIMMONS RESERVOIR SEDIMENT
 
SUMMARY OF ANALYTICAL DATA
 

Central Landfill - OU2 Remedial Investigation
 
Johnston, Rhode Island
 

(ppm)
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Metals 

Aluminum, total 18 / 18 3470 - 21300 SED98-50 1.26E+04 
Arsenic, total 9 / 11 0.58 - 13.8 SED98-50 3.93E-HX) 
Barium, total 18 / 18 30.7 - 145 SED98-50 7.34E-K11 
Beryllium, total 11 / 11 0.83 - 29.8 SED98-50 1.27E+01 
Cadmium, total 11 / 11 0.25 - 4.7 SED98-50 1.8IE-KX) 
Calcium, total 18 / 18 617 - 12700 SED93-27-O 3.89E+03 
Chromium, total 11 / 11 6.4 - 19.8 SED98-50 1.20E+01 
Cobalt, total 13 / 18 1.9 - 12.2 SED98-50 4.32E+00 
Copper, total 9 / 11 13.4 - 36.1 SED93-26-O 2.05E+OI 
Cyanide, total 3 / 5 1.4 - 14.9 SED98-50 5.09E-KX) 
Iron, total 18 / 18 2560 - 37500 SED93-23-I 1.45E-KM 
Lead, total 18 / 18 5.2 - 87.9 SED98-50 4.31E-K)! 
Magnesium, total 18 / 18 458 - 2445 SED95-43 1.44E+03 
Manganese, total 18 / 18 23.5 - 1130 SED98-50 4.81E+02 
Mercury, total 5 / 18 0.105 - 0.16 SED93-25-O 1.25E-01 
Nickel, total 14 / 18 6.435 - 55.4 SED93-23-1 1.36E+01 
Potassium, total 15 / 18 572 - 4120 SED93-23-I 1.49E-K)3 
Selenium, total 5 / 11 0.45 - 2.05 SED93-26-O 1.04E+00 
Sodium, total 16 / 18 102 - 1010 SED93-29-ORE 2.95E+02 
Vanadium, total 18 / 18 9 - 223 SED93-23-I 3.90E-K)i 
Zinc, total 18 / 18 13 - 351 SED98-50 1.44E+02 

Wet Chemestry 

Cadmium 12 / 12 0.00050 - 100 SED95^2 1.08E-H)] 
Copper 12 / 12 0.011 - 2200 SED95^t2 3.33E402 
Mercury 2 / 12 0.3 - 0.6 SED95-42 7.5 IE-02 
Nickel 12 / 12 0.025 - 1390 SED95-43 1.86E+02 
Zinc 12 / 12 0.354 - 11600 SED95-42 1.79E+03 
AVS 11 / 12 0.46 - 58000 SED95-42 8.04E-K)3 
SEM/AVS ratio 12 / 12 0.118 - 6.40 SED93-25-0 1.19E-KX) 
Percent Organic Carbon 12 / 12 1.16 - 16 SED93-23-O 1.08E+01 
Percent Solids 13 / 13 12.3 - 63 SED95-43 3.40E+01 
Total Organic Carbon (TOC) 13 / 13 12700 - 160000 SED93-23-0 I.11E405 
PH 2 / 2 6 - 6.7 SED95-43 6.35E+00 
Lead 10 / 10 0.009 - 0.812 SED93-22-O 1.14E-01 

Notes: 

For the purpose of calculating arithmetic mean concentrations, one-half the method detection limit was used to represent the concentrations of
 
constituents reported as non-detects (ND), and the method detection limit was used to represent the concentrations of constituents
 
reported as "BMQL".
 

Analytical results were based on samples: SED93-21-1, SED93-23-I, SED93-21-O, SED93-22-O, SED93-23-O, SED93-24-O, SED93-25-O, SED93-2 
SED93-28-O, SED93-29-ORE, SED93-30-O, SED93-31-O, SED95-42, SED95-43, SED98-50, SED98-51 and SED98-52. 

QA: TLB Date: 8/27/97 
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UPPER SIMMONS RESERVOIR SURFACE WATER
 
SUMMARY OF ANALYTICAL DATA (ppm)
 
Central Landfill - OU2 Remedial Investigation
 

Johnston, Rhode Island
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Volatile Organic Compounds 

1 , 1 ,2-Trichloroethane
 
1 ,2-Dichlorobenzene
 
1 ,2-Dichloropropane
 
1 ,4-Dichlorobenzene
 
Acetone
 
Benzene
 
Carbon Tetrachloride
 
Chlorobenzene
 
cis-1 ,2-Dichloroethene
 
Tetrachloroethene
 

Semivolatile Organic Compounds 

bis(2-Ethylhexyl)phthalate
 
Butyl benzyl phthal ate
 
Di-n-butylphthalate
 
Diethylphthalate
 

Pesticides/PCBs 

delta-BHC 

Total Metals 

Aluminum, total
 
Arsenic, total
 
Barium, total
 
Beryllium, total
 
Cadmium, total
 
Calcium, total
 
Chromium, total
 
Cobalt, total
 
Copper, total
 
Cyanide, total
 
Iron, total
 
Magnesium, total
 
Manganese, total
 
Nickel, total
 
Potassium, total
 
Selenium, total
 
Sodium, total
 
Thallium, total
 
Vanadium, total
 
Zinc,total
 

i;;;i;F.Ee:ipc'ni^i;i;;: 
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1 / 13 
1 / 13 
1 / 10 
2 / 13 
3 / 13 
2 / 13 
1 / 13 
7 / 13 
1 / 13 
1 / 13 

1 / 13 
3 / 13 
1 / 13 
1 / 13 

1	 / 13 

7 / 16 
4 / 16 

16 / 16 
8 / 16 
2 / 8 

16 / 16 
4 / 16 
3 / 16 
3 / 16 
2 / 19 

16 / 16 
16 / 16 
16 / 16 
8 / 16 

16 / 16 
1 / 16 

16 / 16 
2 / 16 
8 / 16 
2 /9 
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0.0006	 SW95^2 5.08E-04 
0.002 SW95^2 6.15E-04 

0.0008 SW95-42 5.30E-04 
0.002 - 0.004 SW95-42 8.85E-04 
0.002 - 0.004 SW95-06 2.92E-03 
0.001 - 0.002 SW95-42 6.54E-04 

0.001	 SW95-42 5.15E-04 
0.001 - 0.088 SW95-42 l.OOE-02 

0.001	 SW95-42 5.23E-04 
0.001	 SW95-42 5.08E-04 

0.006	 SW95-42 2.77E-03 
0.002 - 0.004 SW95-04 2.7 IE-03 

0.002	 SW95-04 2.00E-03 
0.002	 SW98-52 2.00E-03 

0.00001	 SW95-42 5.58E-06 

0.0888 - 1.35 SW95-43 2.56E-01 
0.001 1 - 0.0023 SW95-07 1.17E-03
 
0.0461 - 0.189 SW95-42 7.50E-02
 
0.0003 - 0.0016 SW95-43 3.83E-04
 
0.0003 - 0.0006 SW95-42 2.25E-04
 

29 - 73 SW95-42 4.31E+01
 
0.0027 - 0.0072 SW95-42 1.99E-03
 
0.0017 - 0.0047 SW95-42 1.06E-03
 
0.0067 - 0.0075 SW95-08 4.02E-03
 
0.01 - 0.01 SW95-04 4.78E-03 
0.63 - 4.2 SW95-42 1.53E+00 
8.21 - 50.6 SW95-42 1.49E+01 
1.36 - 14.9 SW95^2 3.25E+00 

0.0075	 - 0.023 SW95-08 7.98E-03
 
1 1 - 59.3 SW95-42 1.68E+01
 

0.006	 SW95-42 2.20E-03 
42 - 212 SW95-42 7.29E+01
 

0.0026 - 0.02 SW95-42 2.82E-03
 
0.005 - 0.012 SW95-42 3.32E-03 
0.023 - 0.06 SW95-07 1.93E-02 

QA: CJH DATE: 8/14/97 
G:\31864Z23\31864-OOLJC\CALCS\ECO TAB\Z230ewus.xb\SW R-1&R-2 SUM	 QA: AJDATE: 11/18/98 

http:31864.00


2/9/01 

File No. 31864.00 
Page 2 of 2 

TABLE 1-6 

UPPER SIMMONS RESERVOIR SURFACE WATER
 
SUMMARY OF ANALYTICAL DATA (ppm)
 
Central Landfill - OU2 Remedial Investigation
 

Johnston, Rhode Island
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Dissolved Metals 

Barium (Ba) 11 / ll 0.03 - 0.17 SW95-42 6.28E-02 
Calcium (Ca) 11 / ll 33.8 - 60.8 SW95-42 4.46E+01 
Cobalt (Co) 1 / ll 0.003 SW95-42 6.32E-04 
Copper (Cu) 2 / 11 0.008 SW95-09 3.23E-03 
Iron (Fe) 2 / 11 0.53 - 0.605 SW95-43 1.13E-01 
Magnesium (Mg) 11 / 1 7.8 - 37.8 SW95-42 1.41E+01 
Manganese (Mn) 11 / 1 1.32 - 11.6 SW95-42 2.52E+00 
Nickel (Ni) 2 / 1 0.006 SW95-42 4.47E-03 
Potassium (K) 10 / 1 5.76 - 12.4 SW95-43 1.04E+01 
Selenium (Se) 6 / 1 0.005 - 0.018 SW95-42 6.14E-03 
Sodium (Na) 11 / 1 34.7 - 141 SW95-42 6.58E+01 
Vanadium (V) 2 / 11 0.005 - 0.011 SW95-42 3.27E-03 

Wet Chemistry 

Ammonia (N) 13 / 13 1.4 - 33 SW95-42 10.3
 
Hardness 13 / 13 105 - 389 SW95-42 166
 
Nitrate (N) 13 / 13 0.39 - 3.1 SW95-42 1.4
 
Nitrite (N) 12 / 13 0.02 - 0.23 SW98-50 0.05
 
Phosphate, total 11 / 11 0.12 - 0.62 SW98-52 0.27
 
Total Dissolved Solids (TDS) 13 / 13 3.8 - 810 SW95-42 255
 
Total Kjeldahl Nitrogen (TKN) 10 / 10 2.4 - 40 SW95-42 10.7
 
Total Suspended Solids (TSS) 10 / 13 10 - 130 SW98-51 26.6
 

Notes: 

1. For the purpose of calculating arithmetic mean concentrations, one-half the method detection limit was used to represent
 
the concentrations of constituents reported as non-detects (ND). and the method detection limit was used to represent the
 
concentrations of constituents reported as "BMQL".
 

3. Analytical results based on surface water samples: SW95-04, SW95-05, SW95-06, SW95-07, SW95-08, SW95-09, SW95^t2, and 
SW95-43 collected on December 15,1995, and October 3,1996, and SW98-50, SW98-51 and SW98-52 collected on May 27, 1998. 

QA: CJH DATE: 8/14/97 
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TABLE 1-7 

NORTH BASIN SEDIMENT
 
SUMMARY OF ANALYTIC At DATA (ppm)
 
Central Landfill • OU2 Remedial Eiwerigatioii
 

Jbhmlon. Rhode Island
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VoiiMile Onurtic Comixxnb 

Acetone 2 / 5 0.02 - 0 30 SED98-5I 7.I7E-02 
Carbon DuU6de I / 5 0004 SED95-43 4.0OE-03 
CHorobenBcne 4 / 5 0 00 - O.OS SFD95-42 2J8E-02 
Methyl e*yl Ketone 2 /5 001 - 007 SED98-SI 220E-O2 
TollKIK 1 / 5 0002 SED9S-42 200E-03 

Sewtnvt&ilc Orsanic Compounds 

2-Methytapntt"^ 2 /6 0.04 - 005 SED93-21-I 430K-02
 
Aceoaptanene 2 /6 0.06 - 008 SEDM-51 68SR-02
 
Aceoaptthylene 3 / 6 001 - 006 SED93-21-I 403E-02
 
Annracene 6 /6 0 04 - 0 22 SEDM-51 I.12E-OI
 
Benzo<a)«n1hracene 6 / 6 013 - 0.7H SEDM-51 3 841- -01
 
Benzo(a)pyrene 6 16 012 - 055 SED98-5I 3.23 1- -01
 
Benao(t>)fluoran1hene 6 I 6 0.20 - 0 99 SED98-5I 4 42E4J1
 
Benzo(gjij)perykne 6 16 005 - 021 SED95-42 1 35E-01
 
Benao(tXluDr*ntherr 5 / 6 0.16 - 026 SED93-21-I 2 24I--01
 
bu(2- Elbyltexyl )nbtr»l«le 6 /  6 0.74 - 18 SI3595-43 409E+00
 
Butyl benzyl pntfMUte 1 / 6 035 SED98-51 273E-01
 
Carbazoie 2 1 4 0.07 - 0 16 SEWS- 51 1 I3K-O1
 
Cbrysene 6 /6 014 - 078 SED98-51 4306-01
 
Di-n-bUylpbttvlale 3 /  6 0.03 - 0 15 SHD93-2I-I 1 03(--OI
 
Di-tHxtylpMrnUtB 2 /4 0.3 - 23 5 SKD95-43 6.12E+OO
 
Dibenz(aIb)arthraccne 3 / 4 0 05 - 0 36 SED98-51 1 83I--0!
 
Dibenzo&nn 2 16 0 04 - 0 32 SED98-51 2 281- -01
 
Fluorartheoe 6 /  6 0 26 - 1 45 SED98-51 7.37toi
 
Fluorcnc 4 / 6 002 - Oi l SED98-51 7l5(i-02
 
IndenD(1.2,3-c,d)pyrene 5 /  6 010 - 020 SED93-2I-1 I 641i-O|
 
Naptttakne 2 /6 004 • 005 SF.D98-51 435t-02
 
Phemnthrene 6 /  6 0 15 - 098 SED98-51 401E-OI
 
Pyrene 6 / 6 021 - 165 SRD98-51 703E-01
 

4.4--DDO 4 / 6 0004 - 0012 SED9S-42 6.04E-O3
 
4,4'-DDE 3 / 6 0005 - 0012 SED98-52 5 33E-03
 
4.4'-DDT 3 /6 0004 - 0008 SEDM-52 4_23B-03
 
Aldnn 1 t 6 00024 SKD93-2I-I 1 29E-03
 
•Ipta-Chlordanc 3 1 6 0 004 - 0.007 SHD93-2I-I 363H-03
 
delta- BHC 2 / 5 0008 - OOO9 SED98-52 4 46E-03
 
EndiwU&n-iiJfctr 1 / 5 00026 SED95-43 2 28E-03
 
Kni.milj.nl 1 / S 0.005 SED98-52 221E-03
 
gaiMM-CWordane 3 / 6 00017 - 00046 SED93-2I-1 2 42^X^3
 
Methnvychlo. 1 / 5 0010 SKD98-51 7.0RK-03
 
PCB 1232 2 / 5 0041 • 0064 SED98-S2 3.22K-02
 
PCB 1242 2 16 0060 - 0066 SED93-21-I 3OOE-02
 
PCB 1254 3 /6 0 042 - 0 087 SED98-52 4.3 IE-02
 

Aiefa/i 

Alunuum. tool 6 / 6 3470 - 21200 SED9 3-23-1 1 25E+O4
 
Arsenic, tool 5 / 5 1.80 - 8.2 SKDM-52 508EXW
 
Borim, total 6 / 6 5110 - 1240 SED93-23-1 864E+OI
 
Beryllium, total 5 / S 083 - 71 SED98-52 368t*00
 
Cadimun. total 5 / S OJ5 - 1 9 SED98-52 1 I6E+OO
 
Cakium, total 6 /  6 1270 - 2675 SED95-43 204E*O3
 
Chromium, lotal 5 / 5 85 - 156 SHD98-52 1 19E-K)!
 
Cobalt, total 6 / 6 340 - 11 SED95-43 657E*<JO
 
Copper, total 3 /  5 2030 - 269 SED98-S2 1 95E+O1
 
Cyaade, total 2 /  4 1 40 - 77 SED98-52 264E+OO
 
Iron, total 6 / 6 9710 - 37SOO SEO9 3-23-1 22IE+04
 
Lew), total 6 / 6 42 - 78 SED95-42 S99E*01
 
Mo^Ktium, total 6 / 6 1150 - 2445 SED95-43 I R3E-H33
 
Manganese, total 6 16 383 - 736 SED98-52 53IE+O2
 
Merciry, total A 1 6 Oi l • 015 SED95-42 1 18E-OI
 
Nickel, total 6 I 6 680 - 554 SED93-23-I 2.40E+O1
 
Potassium, total 5 (6 1280 - 4120 SED93-23-L 247E+O3
 
Selenium, total 1 /S 045 SED93-2I-1 450E-OI
 
Sodiun, total 4 / 6 117 - 259 SED98-52 1 3IE+O2
 
Vanadium, total 6 / 6 13 - 223 SKD93-23-I 7 29R*Ot
 
Zinc. total 6 / 6 109 - 324 SED93-23-I 1 96E+O2
 

Percent Sot Ids 

Cadrmwn 2 2 29 - 100 SED95-42 645E+OI
 
Copper 2 2 1800 - 2200 SED95-42 200E-K13
 
Mcrciry 2 2 03 • 1 SED95-42 4 50F-01
 
Nickel 2 2 840 • 1390 5ED9S-43 I 12EH)3
 
/IK 2 2 9900 - 11600 SKD95-42 I 08E+O4
 
AVS 2 2 44600 - 38000 SI-ID95-42 5 t3E*O4
 
SEM/AVS ratio 2 2 0.25 - 0 29 SED95^I3 2 TOE-01
 
Percent Og»nc Cuban 2 2 1 - 3 Sl-:D95-̂ 2 2 10E+OO
 
Percent Solids 2 2 61 - 63 SED9M3 620E+OI
 
Total Orpine Carbon (TOC) 2 2 12700 - 28600 SED95-42 207E+O4
 
P» 2 2 6 - 7 SED95-43 6.35K+OO
 

1 For (he pupo*e of calcdiling •rithmettc mean ooacenYMioiB, ooe-h«Jf te tnetfvd detect] cm lirml was used k> rcyte*enl the conccrtitbotn of 
constituents reported u noo-dctects (NO), *nd the nelfaDd detocbon limit was used u ie^c»c« ihe concentrationa of constituent! 
reported as 'BMQ1,' 

2 AiBlvQcal resdls were based on tamples SED93-21-1, SED93-23-I. SED95-O8. 5ED95-42. SFJ»S-»3.«nJ SRD98-51. and SED98-52 

3 MJtipleMinpletcollectotl fronihc MOK location were avenged together to obtain an iveraped concentniion for thai location. These 
concentration were i««d in Ihe catenation of *e cvcnfc* prejeated above 

4.	 Conceofrrton* prescnbd ix orgamc contMNiwrt* (VOCt, SVOCi tod Pesbctdcs) have been nxntali/ed to the lotal orpnic carbon 
(TOC) comen of the Mdimcnt saannle utinjt the following famuli; Conhmnnt (**ft*V T<X' imfuVi x 104(nBVkft) = 
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TABLE I- 8 

NORTH BASIN SURFACE WATER
 
SUMMARY OF ANALYTICAL DATA (ppm)
 
Central Landfill - OU2 Remedial Investigation
 

Johnston, Rhode Island
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Volatile Organic Compounds 

\ , 1 ,2-Trichloroethane 1 16 0.0006 SW95-42 5.17E-04 
1 ,2-Dichlorobenzene 1 / 6 0.002 SW95-42 7.50E-04 
1 ,2-Dichloropropane 1 / 4 0.0008 SW95-42 5.75E-04 
1 ,4-Dichlorobenzene 2 / 6 0.002 - 0.004 SW95-42 1.33E-03 
Acetone 2 16 0.003 - 0.004 SW98-51 2.92E-03 
Benzene 1 16 0.001 - 0.002 SW95^t2 8.33E-04 
Carbon Tetrachloride 1 16 0.0007 SW95^2 5.33E-04 
Chlorobenzene 5 16 0.002 - 0.088 SW95-42 2.08E-02 
cis- 1 ,2-Dichloroethene 1 / 6 0.0008 SW95-42 5.50E-04 
Tetrachloroethene 1 16 0.0006 SW95-42 5.17E-04 

Semivolatile Organic Compounds 

bis(2-Ethylhexyl)phthalate 1 / 6 0.006 SW95-42 3.08E-03 
Butylbenzylphthalate 1 16 0.002 SW95-08 2.00E-03 
Diethylphthalate \ 1 6 0.002 SW98-52 2.00E-03 

Pesticides/PCBs 

delta-BHC	 1 16 0.000012 SW95-42 6.17E-06 

Total Metals 

Aluminum, total 4 / 6 0.0888 - 1.35 SW95-43 3.47E-01 
Arsenic, total 1 16 0.0012 SW95-42 1.03E-03 
Barium, total 6 1 6 0.0464 - 0.189 SW95-42 1.02E-01 
Beryllium, total 3 / 6 0.0005 - 0.0016 SW95-43 5.08E-04 
Cadmium, total 2 / 3 0.00032 - 0.00055 SW95-42 3.57E-04 
Calcium, total 6 16 28.7 - 72.5 SW95-42 4.69E+01 
Chromium, total 2 / 6 0.0036 - 0.0072 SW95-42 2.5 IE-03 
Cobalt, total 2 16 0.0017 - 0.0047 SW95^t2 1.63E-03 
Copper, total 1 / 6 0.0075 SW95-08 3.78E-03 
Iron, total 6 / 6 0.75 - 4.17 SW95-42 2.30E+00 
Magnesium, total 6 / 6 8.21 - 50.6 SW95-42 2.16E+01 
Manganese, total 6 / 6 1.53 - 14.9 SW95-42 5.59E+00 
Nickel, total 4 / 6 0.0104 - 0.0227 SW95-08 1.25E-02 
Potassium, total 6 / 6 12.3 - 59.3 SW95-42 2.33E+01 
Selenium, total 1 16 0.006 SW95-42 2.39E-03 
Sodium, total 6 / 6 43.3 - 212 SW95-42 9.67E+01 
Thallium, total 1 / 6 0.02 SW95-42 4.67E-03 
Vanadium, total 3 / 6 0.0058 - 0.0115 SW95-42 4.23E-03 
Zinc,total 1 / 4 0.023 SW95^3 I.54E-02 

QA: OH DATE: 8/14/97 
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TABLE I- 8 

NORTH BASIN SURFACE WATER
 
SUMMARY OF ANALYTICAL DATA (ppm)
 
Central Landfill - OU2 Remedial Investigation
 

Johnston, Rhode Island
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Dissolved Metals 

Barium (Ba) 5 / 5 0.041 - 0.167 SW95-O 7.37E-02 
Calcium (Ca) 5 / 5 33.800 - 60.8 SW95^t2 4.29E+01 
Cobalt (Co) 1 / 5 0.003 SW95-42 8.98E-04 
Iron (Fe) 2 / 5 0.530 - 0.605 SW95-43 2.39E-01 
Magnesium (Mg) 5 / 5 9.750 - 37.8 SW95-42 1.61E+01 
Manganese (Mn) 5 / 5 1.460 - 11.6 SW95-42 3.85E+00 
Nickel (Ni) 2 / 5 0.006 - 0.0154 SW95-42 6.12E-03 
Potassium (K) 4 / 5 7.620 - 12.4 SW95-43 9.99E+00 
Selenium (Se) 2 / 5 0.008 - 0.0179 SW95-42 6.58E-03 
Sodium (Na) 5 / 5 46.700 - 141 SW95-42 7.15E+01 
Vanadium (V) 2 / 5 0.005 - 0.011 SW95-42 4.17E-03 
Zinc (Zn) 2 / 5 0.007 - 0.0088 SW98-52 6.34E-03 

Wet Chemistry 

Ammonia (N) 6 / 6 1 - 33 SW95-42 1.46E+01 
Hardness 6 /6 105 - 389 SW95-42 2.01E+02 
Nitrate (N) 6 / 6 1 - 3.1 SW95-42 1.73E+00 
Nitrite (N) 6 / 6 0.02 - 0.05 SW95-42 3.67E-02 
Phosphate, total 5 / 5 0.15 - 0.62 SW98-52 3.44E-OI 
Total Dissolved Solids (TDS) 6 / 6 7.5 - 810 SW95-42 2.12E+02 
Total Kjeldahl Nitrogen (TKN) 4 /4 4 - 40 SW95-42 2.13E+01 
Total Suspended Solids (TSS) 5 / 6 10 - 130 SW98-51 3.45E-HM 

Notes: 

1. For the purpose of calculating arithmetic mean concentrations, one-half the method detection limit was used to represent
 
the concentrations of constituents reported as non-detects (ND), and the method detection limit was used to represent the
 
concentrations of constituents reported as "BMQL".
 

3. Analytical results based on surface water samples: SW95-04, SW95-05, SW95-06, SW95-07, SW95-08, SW95-09, SW95-42, and
 
SW95-43 SW98-50, SW98-51 and SW98-52.
 

QA: CJH DATE: 8/14/97 
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TABLE 1-9 

LOWER SIMMONS RESERVOIR SEDIMENT
 
SUMMARY OF ANALYTICAL DATA (ppm)
 
Central Landfill - OU2 Remedial Investigation
 

Johnston, Rhode Island
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Volatile Organic Compounds 

Acelone 4 / 5 0.076 - 022 SED98-53 I.26E-01 
Chloromethane 2 / 5 0.003 - 0.004 SED98-53 3.50E-03 
Methyl ethyl Ketone 4 / 5 0.022 - 0.057 SED95-OI 3.31E-02 

Semivolatile Organic Compounds 

4-Chloro-3-methyl phenol 1 / 5 0.057 SED95-03 5.70E-02
 
Benzo(a)anthracene 1 / 5 0.095 SED98-54 9.50E-02
 
Benzo(a)pyFene 1 / 5 0.12 SED98-54 1.20E-01
 
Benzo(b)fluoranthene 2 / 5 0.13 - 0.22 SED98-54 1.75E-01
 
Benzo(k)nuoranthene 1 / 5 0.096 - 0096 SED98-54 9.60E-02
 
bis(2-Ethylhexyl)phthalate 2 /5 0.38 - 0.4 SED98-54 3.64 E-01
 
Butyl benzyl ph thai ate 1 / 5 1.9 SED95-02 662E-01
 
Chiysene 1 / 5 0.14 SED98-54 140E-01
 
Fluoranthene 3 / 5 0.08 - 0.19 SED98-54 1.33E-01
 
Phenanthrene 1 / 5 0081 SED98-54 8.IOE-02
 
Pyrene 5 / 5 0.065 - 0.2 SED98-54 1.11E-01
 

Pesticides KBs 

4,4'-DDD 1 / 5 0.008 SED98-53 3.96E-03
 
4,4'-DDE 2 / 5 0.006 - 0.013 SED98-53 5.55E-03
 
4,4'-DDT 0 / 5 0.000 - ND ND NCC
 
Aldrin 0 / 5 0.000 - ND ND NCC
 
alpha-BHC 0 / 5 0.000 - ND ND NCC
 
alpha-Chlordane 2 / 5 0.0037 - 0.0043 SED98-53 2.5 IE-03
 
dclta-BHC 2 / 5 0005 - 0008 SED98-53 3.5 IE-03
 
Endosulfan 1 1 / 5 0005 SED98-53 2.16E-03
 

Metals 

Aluminum, total 5 / 5 2540 - 22400 SED95-01 1.18E+O4 
Antimony, total 1 / 3 1.3 SED95-02 7.IOE-01 
Arsenic, total 5 / 5 19 - 16 SED95-01 9.72E+00 
Barium, total 5 / 5 15 - 287 SED95-01 1.73E+O2 
Beryllium, total 5 / 5 18 - 18 SED98-53 9.54E+00 
Cadmium, total 4 / 4 3.8 - 5.9 SED98-53 4.43E+OO 
Calcium, total 5 / 5 621 - 6200 SED98-53 4.49E+03 
Chromium, total 4 / 5 12.4 - 329 SED95-02 1.90E40I 
Cobalt, total 5 / 5 2.5 - 22.6 SED95-OI 1.37E+OI 
Copper, total :* 4 / 5 196 - 372 SED95-01 2.21E+01 
Cyanide, total 2 14 8.1 - 12.1 SED98-53 6.31E+00 
Iron, total 5 / 5 5230 - 34800 SED95-01 2.47E+04 
Lead, total 5 / 5 32 - 93 SED95-01 6.17E+01 
Magnesium, total 5 / 5 375 - 2970 SED95-01 1.52E+O3 
Manganese, total 5 / 5 248 - 13900 SED95-02 8.42E+O3 
Mercury, total 3 / 5 0.13 - 0.37 SED95-01 2.37E-01 
Nickel, total 4 / 5 12.9 - 35.4 SED98-53 1.64E+O1 
Potassium, total 3 / 5 356 - 5060 SED9S-01 2.15E+03 
Selenium, total 1 / 5 5 SED98-54 2.86E+00 
Sodium, total 3 / 5 124 - 260 SED98-53 1.35E+02 
Thallium, total 3 / 5 5.9 - 264 SED95-02 l.OIE+OI 
Vanadium, total 4 / 5 24.3 - 80.3 SED98-53 4.08E+01 
Zinc, total 5 / 5 46 - 438 SED98-53 2.68E+O2 

Wet Chemistry 

Cadmium 3 / 3 25 - 180 SED95-OI 1.25E+02 
Copper 3 / 3 350 - 1900 SED95-OI 1.05E+03 
Nickel 2 / 3 1000 - 1000 SED95-OI 668E+02 
Zinc 3 / 3 3200 - 26000 SED95-01 1.47E+O4 
AVS 1 / 3 5000 SED95-03 1.89E+03 
SEM/AVS ratio 1 / 3 0.72 SED95-03 240E-OI 
Percent Organic Carbon 3 / 3 1.9 - 5.9 SED95-OI 4.43E+00 
Percent Solids 3 / 3 18 - 63 SED95-03 3.73E+01 
Total Organic Carbon (TOC) 3 / 3 18500 - 59100 SED95-OI 4.43E+04 
pH 3 / 3 6.1 - 6.7 SED95-03 640E+00 

Notes: 

1.	 For the purpose of calculating arithmetic mean concentrations, one-half the method detection limit was used to represent the concentrations of 
constituents reported as non-detects (ND), and the method detection limit was used to represent the concentrations of constituents 
reported as "BMQL" 

2. Analytical results were based on samples: SED95-01, SED95-02, and SED95-03, SED98-53, and SED98-54. 

3. Concentrations presented tot organic contaminants (VOCs, SVOCs and Pesticides) have been normalized to the total organic carbon QA TLB D.K g/27/97 
(TOC) content of the sediment sample using the following formula. Contaminant (mg/kg)/ TOC (mg/kg) x 10"* (mg/kg) = QAAJDale 11/19/98 

O \3I864 /Jn3lR644H)tJC\CAI.CS\i:C<) TAH\/J10«stsxls\SI-:l} mil SUM 
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TABLE 1-10 

LOWER SIMMONS RESERVOR SURFACE WATER
 
SUMMARY OF ANALYTICAL DATA (ppm)
 
Central Landfill - OU2 Remedial Investigation
 

Johnson, Rhode Island 

I	 j i l i j i j j j j i j j j M&jhgcil; ;M!;; M M ;  ! :
'I!! — jjjijiii 

;	 ; ii^jijcfci;;;;;;;; 1 

Pesticides/PCBs 

4,4'-DDT 1 / 6 0.0001 SW98-54 
Aldrin 1 / 6 0.000025 SW95-03 
Endosulfan I 1 / 6 0.000011 SW98-54 
Total Metals 

Aluminum, total 3 / 6 0.235 - 144 SW95-02 
Arsenic, total 4 / 6 0.0013 - 0.0045 SW95-02 
Barium, total 6 / 6 0.0419 - 0.112 SW95-02 
Beryllium, total 3 / 6 0.00034 - 0.00091 SW95-OI 
Calcium, total 6 / 6 30.7 - 44.8 SW95-03 
Chromium, total 3 /6 0.0022 - 0.0028 SW95-03 
Cobalt, total 2 If, 0.0016 - 0.0022 SW95-02 
Copper, total 1 16 0.0065 - 0 SW95-03 
Iron, total 6 / 6 0.785 - 3 SW95-02 
Magnesium, total 6 / 6 7.63 - 127 SW95-03 
Manganese, total 6 / 6 1.11 - 2.55 SW95-02 
Nickel, total 1 / 6 0.0075 - 0.0075 SW95-02 
Potassium, total 6 / 6 9.83 - 134 SW95-03 
Silver, total 1 / 6 0.006 SW95-03 
Sodium, total 6 / 6 38 - 69 SW95-03 
Vanadium, total 3 / 6 0.0053 - 0.0067 SW95-02 
Zinc .total 2 1 5 0.017 - 0.02 SW95-02 

Dissolved Metals 

Arsenic (As) 1 / 5 00036 SW95-02 
Ban urn (Ba) 3 / 5 0.0527 - 0058 SW95-03 
Beryllium (Be) 1 / 5 0.0006 SW95-02 
Calcium (Ca) 5 / 5 32 - 51 SW95-03 
Chromium (Cr) 1 / 5 0.0022 SW95-02 
Cobalt (Co) 1 / 5 0.002 SW95-02 
Copper (Cu) 1 / 5 0.0053 SW95-02 
Iron (Fe) 2 / 5 0.0374 SW98-53 
Magnesium (Mg) 5 / 5 7.35 - 13.9 SW95-03 
Manganese (Mn) 5 / 5 1.03 - 1.71 SW95-02 
Nickel (Ni) 2 / 5 0.006 - 0.007 SW95-01 
Potassium (K) 5 / 5 4.62 - 13 SW95-03 
Selenium (Se) 2 / 5 0.0067 - 00077 SW95-02 
Sodium (Na) 5 / 5 33.8 - 693 SW95-03 
Vanadium (V) 1 / 5 0.0063 SW95-01 
Zinc (Zn) 1 / 4 00055 SW98-54 

Wet Chemistry 

Ammonia (N) 5 / 6 2.5 - 5.7 SW98-53 
Hardness 6 / 6 110 - 210 SW95-01 
Nitrate (N) 6 / 6 0.66 - 1.53 SW95-02 
Nitrite (N) 6 / 6 0.02 - 0.1 SW98-54 
Phosphate, total 5 / 5 0.16 - 0.3 SW98-53 
Total Dissolved Solids (TDS) 4 / 4 190 - 300 SW95-02 
Total Kjeldahl Nitrogen (TKN) 6 / 6 1.3 - 6.5 SW95-03 
Total Suspended Solids (TSS) 3 / 6 13 - 44 SW95-02 

Notes: 

1.	 For the purpose of calculating arithmetic mean concentrations, one-half the method detection limit was used to represent 
the concentrations of constituents reported as non-detects (ND), and the method detection limit was used to represent the 
concentrations of constituents reported as "BMQL". 

2 If a location was sampled more than once, the summary statistics are based on the average concentration over time 
at that location. 

3. Analytical results based on surface water samples: SW95-01, SW95-02, SW95-03, SW98-53, and SW98-54 

G \3I864Z23\3I864-OOLJOCALCS\ECO TAB\Z230ewb xb\SW_all SUM 
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3.17E-05 
1.17E-05 
9.20E-06 

3.60E-OI 
2.1 IE-03 
6.55E-02 
4.05E-04 
3.88E+01 
1.80E-03 
1.08E-03 
5.37E-03 
1.41E+00 
1 04E+01 
1.84E+00 
3.98E-03 
1 15E+01 
1.63E-03 
5 17E+01 
3.46E-03 
1.38E-02 

1 .96E-03 
3.69E-02 
3.08E-04 
3.94E+01 
8.30E-04 
7.26E-04 
2.80E-03 
375E-02 
1.04E+01 
1.32E+00 
3.89E-03 
9.46E+00 
4.38E-03 
5.07E-H51 
2.87E-03 
3.78E-03 

3.36E+00 
1 .42E+02 
1.10E+00 
5.00E-02 
2 16E-01 
2.53E+02 
3.63E-KH) 
1 70E+01 

QA CJH DATE 8/14/97
 
QA AJDATE 11/19/98
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TABLE 1-11 

PHYSICAL AND CHEMICAL INPUT PARAMETERS FOR
 
OOBAS BIOACCUMUL AT1ON MODEL
 

Central Landfill - OU2 Remedial Investigation
 
Johnson, Rhode Island 

::::::::-::; :::::c«i«ioj6n>::::::::::: :;;::: OMcfccMW-: xfogKt*: :; :-; ;H<aMys:Law.; : 
'•'•'u/^rfU'-' ' X • ' • '  • Constant X X • • • weight. • • : : : :: : ::ifiaVm3/moo: : : 

I'olalile Omanic CoKitaanls 

1 ,2-Dichlorobenzene 
1 ,4-Dichlorobenzene 
1.1-Dichloroethane 

147
147 
99

 ' 

' 

36
36 
1 79

 ' 

' 

196
293 
437

 ' 

' 
2-Hexanone NA NA NA 
Acetone 
Benzene 
Carbon disulfide 
Chlorobenzene 
Chtoromethane 

58
78
76
113
505

 ' 
' 
' 
' 
' 

-0.24
112
100 
2.84
0.95

 ' 
' 

' 
' 

209
56633
124608
37688 
4458 

' 
' 
' 

Methyl ethyl ketone 
Methylene chkmde (dichlonmiediane) 
Styrene 
letrachloroelhene 

72
85

10414
166

 ' 
' 
' 
' 

0.26 
1.30 
192
260 

' 

278
20567
33738

262408

 ' 
' 
' 
' 

Toluene 92 ' 273 ' 645.39 ' 
[richloroethene 
Xylenes 

131 
106 ' 

238 
326 ' 

921.99
713.29

 ' 
' 

Semlvolailt Omanic Cemaowxls 

2-Metrrylnaphthalene 
4-chlorc-3-methylphenol 
4-methylphenol 
Acenaphthene 
Acenapmhylene 
Anthracene 

NA 
1416

10813
154
152
178 

' 
' 
' 
' 

NA 
3 10
1.94
4.00
3.70
4.45 

' 
' 
' 
' 

NA 
0.08
008
932

14996
103 35 

" 
' 
' 
' 

3erun(a)anthracene 
BenzD(a)rjyrene 
Benzo(b)fluoramhene 
BenzrXgAOperylene 
Benzo(k )fluonuithene 
bis(2-Ethylhexyl>pmhalate 
Butylbenzylphthalate 
Cartezok 
Phenol 

228
252 
252 
276
252
391

31139
16721

94 

' 

' 
' 
' 
' 
' 

5.60 
6.06
606
651 
6.06
NA 
441 
359
1 46

 ' 
' 

' 

' 
' 

012 
016 
1.21 
001 
399 
NA 
0.19
0.06
0.05

 ' 
' 
' 

Pyrene 202 488 ' 0.51 ' 

PtaiclJei 

Aldrin 365 530 ' 1.62E+00 
total Chlordine (alpha + gamma) 
DOT 

410
355

 ' 
' 

600
6 19

 ' 
' 

9 76E-OI
5 20E+OI

 ' 
' 

DDE 318 ' 700 ' 689E+00 ' 
ODD 
detta-BHC 
total Endosurfaru (sutfate + 1) 
methoxychlor 

320 
291

4069 
34565

 ' 

' 

620
4.10
3.13 
4.53

 ' 
' 

* 

806E-01
2 10E-02
2.90E-02
641E-01

 ' 
' 
' 
' 

I'olvchlorinaled Biottenvls 

Anxlor 1232 
Arcclor 12-12 
Aroclot 1254 

221 
2665
3284

 ' 
' 

51
56
65

 ' 
' 
: 

5.27E+01
5.27E-K)!
831E+03

 ' 
! 

' 

Notes 

1 EPA.1986 Superfund Public Health Evaluation Manual EP A/540/ 1 -86/060 Exhibit A-l 
2 ATSDR (1989), ToxKdogical Profile for Selected PCBs(ArockK-1260, -1254. -1248, 

-1242, -1232, -1221, and -1016). 
3 ERA. July. 1998 Ambient Water Quality Criteria Derivation Methodology Human 

Hearth - Technical Support Document - Final Draft. EPA/822/B-98/005 Table 2 4 
4 WE Johsonetil. "Data Bise of the Occurrence and Dtstnbution of PtaicKtesui
 

Chesapeake Bay', Agriculture Network Information Center
 
"http://vMffle nal usda gov/cbp/indexhtmr Last updated March 27, 1997
 

5 EPA July 1998 Human Health Risk Assessment Protocol for Hazardous Waste
 
Combustion Facilities - Volume Tiro [Peer Review Draft) Office of Solid Waste and
 
Emergency Response EPA530-D-98-001B
 

6 Oak Ridge National Laboratory. (1998).
 
Risk Assessment Information System contains updated toxtcrty values from IRIS and
 
HEAST (http://nsk bd.omlgov/tox/tox_vahjes.html)
 

7 Eisler, R. 1986 Potychlorinated biphenyl hazards to fish, wildlife, and invertebrates: a
 
synoptic review US Fish WildL Serv Bid Rep 85(17) 72 pp
 

8.	 Because a Henry's Law Constant could not be identified for Aroclor 1 232, we applied
 
the constant for Aroclor 1 242.
 

http://nsk
http://vMffle
http:31864.00
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File No. 31864.00 
2/9/01 

TABLE 1-18 

CALCULATION OF SEDIMENT/INVERTEBRATE 
BIOCONCENTRATION FACTORS FOR HEAVY 

METALS 
Central Landfill - OU2 Remedial Investigation 

Johnston, Rhode Island 

xWetal x: ::x:x:x:::::::Kdl*x:::x:x:::x: 
:(L water/kg sedMetiQ: 

xxoxxxxECFxxxxx-:: 
: (L water/kg FW tissue) 

xx^xxxIAF^xxxx:;: 

Cadmium 
Nickel 
Mercury 
Selenium 
Arsenic 
Barium 
Beryllium 
Chromium 
Silver 
Thallium 
Zinc 

75 
65 

3000 
5 
29 
41 
790 

1.80E+06 
8.3 
71 

6.20E+01 

81
47

5500
16 
44
1 

42 
16 

204
1 

47

 " 
* 

 2a 

 2. 

a 

 2a 

1.08 
0.72 
1.83 
3.20 
1.52 
0.02 

0.0532 
0.000009 

25 
0.014 

0.758065 

1.

2a.

2b.

2c.

 These values are "Bed sediment-sediment pore water partition coefficients" (L 
water/kg bottom sediment) presented in EPA530-D-98-001B (July, 1998), based 
on an average sediment pH of 6.79 and linear 'interpolation of values reported in 
the source document. 

 These values are fish/surface water bioconcentration factors presented in 
EPA/540/1-86/060 (October, 1986). 

 These values are fish/surface water bioconcentration factors presented in 
EPA 530-D-98-001B, July 1998. 

 If BCF not available, we assumed a BCF of 1. 

3. These values are conservatively predicted benthic invertebrate 
bioconcentration factors, calculated as BCF/Kdbs 

g:\31864.z23\31864-OO.Ijc\calcs\eco_tab\foodweb\Z2300epc.xls\INV - BCF - sed 



2/9/01 
File No. 31864.00 

TABLE 1-19 

CALCULATION OF SEDIMENT/TADPOLE
 
BIOCONCENTRATION FACTORS FOR HEAVY
 

METALS
 
Central Landfill - OU2 Remedial Investigation
 

Johnston, Rhode Island
 

"• : • : • : • : • : • : • : • : • : • : • : • : • 
:Sedinieht:: xTadpble : xx::BCF::x:: 

, • . ' . ' •'*'•' •** '*"• ' • ' • ' . ' . ' . ' • ' . • . • * ' . "  . X  ' . 

x-(PPv)x-: :•: : :(ppl>) :-: :1
mercury 400 181 0.45 

Savannah River Site data, as summarized in
 
Burger & Snodgrass, 1998.
 

g:\31864.z23\31864-OO.Ijc\calcs\eco tab\foodweb\Z2300epc.xls\tadpole BCF 

http:31864.00


2/9/01 

TABLE 1-20 

SUMMARY OF SURFACE WATER/FISH
 
BIOCONCENTRATION FACTORS FOR HEAVY
 

METALS
 
Central Landfill - OU2 Remedial Investigation 

Johnston, Rhode Island 

::::-:>::::>::->Metal::::::::::::::::::::::: ; : ;Bi(>cpncOTtration
;:;:;:̂ g;FY/̂ i$sue' 

2Aluminum i 
Arsenic 44 Ib 

Barium 1 2 

Beryllium 42 la 

Cadmium 81 Ib 

Chromium 16 Ib 

Copper 200 Ib 

Iron 1 2 

Manganese 1 2 

Mercury 5500 Ib 

Nickel 47 Ib 

Selenium 16 Ib 

Silver 204 la 

Thallium 1 2 

Vanadium 1 2 

Zinc 47 Ib 

1 These values are fish/surface water bioconcentration 
factors presented in: 

a. EPA 530-D-98-001B, July 1998. 
b. EPA/540/1-86/060 (October, 1986). 

2 If BCF not available, we assumed a BCF of 1. 

g:\31864.z23\31864-00.1jc\calcs\eco tab\foodweb\Z2300epc.xls\fish BCF - water 

File No. 31864.00 

http:31864.00


File No. 31864.00 
2/9/01 

TABLE 1-21 

CALCULATION OF SEDIMENT/FISH 
BIOCONCENTRATION FACTORS FOR HEAVY 

METALS 
Central Landfill - OU2 Remedial Investigation 

Johnston, Rhode Island 

: Metalx: : Sediment: 
: :::{pp>m)';: :: 

:::::>:Fish:::::;:; 

x-fpptti;) :: 
i:;>:i:BCF::;x 

Beryllium 
Cadmium 
Mercury 
Nickel 
Silver 
Zinc 

1 
0.2 
0.11 
36 

0.25 
94 

<0.2 
<0.2 
0.18 
1.7 

<0.2 
66.7 

0.10 
0.50 
1.64 
0.05 
0.40 
0.71 

Based on comparisons of median sediment and 
fish tissue concentrations reported in USGS 
Fact Sheet 105-98 9/1/1998 Organic Compounds 
and Trace Elements in Freshwater Streambed 
Sediment and Fish from the Puget Sound Basin 
by Dorene E. MacCoy and Robert W. Black 
The URL for this document is 
http://wwwdwatcm.wr.usgs.gov/pugt/fs. 105-98.html 

g:\31864.z23\31864-OO.IjcValcsVeco_tab\foodweb\Z2300epc.xls\fish bcf- sed 
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TABLE 1-22 

WEIGHT ASSIGNMENTS FOR SURFACE WATER BODIES
 
BASED ON RELATIVE SURFACE AREAS
 

Central Landfill - OU2 Remedial Investigation
 
Johnston, Rhode Island
 

Water::Bodyx'::x:::::::::::::::::x-x::::-::	 : • : • : • : • : • : : Surface Area : x : : •:• Proportion 
::::X::;:::;:;::::(aeres)> > : : : > • : : : : :  : '•': QfTotai:: 

Sedimentation Basin 2 5.43 0.040 
Sedimentation Basin 3 1.97 0.014 

sum of basins 2 & 3 = 7.40 0.054 
Sedimentation Basin 4 0.84 0.006 
Upper Simmons Reservoir 51.11 0.375 

USR North Basin 14.20 0.104 
Lower Simmons Reservoir 77.00 0.565 

Total Surface Area =	 136.34 acres 

Notes: 

1. The area reported for Sedimentation Basin No. 4 includes the 
approximate area of Quarry Stream. 

2. The area reported for Sedimentation Basin No. 3 includes the 
approximate area of Cedar Swamp Brook. 

3. The area reported for Sedimentation Basins Nos. 2 and 3 includes the 
approximate areas of Cedar Swamp Brookm and Quarry Stream. 

g:V31864.z23\31864-OO.IjcValcs^co_tab\foodweb\Z2300epc.xls\WEIGHTS 

File No. 31864.00 

http:31864.00


2/9/01 

TABLE 1-23 

SITE-SPECIFIC FISH BODY BURDENS 
FOR ZINC 

(mg/kg wet weight) 
Central Landfill - OU2 Remedial Investigation 

Johnston, Rhode Island 

xxUpper Lower 
;x:::;Meiaixx: ^iSimmcms > Sirs in oils 

Zinc 5 4.9 

These site specific fish body burdens 
for zinc are the average concentrations 
of zinc in fish tissue samples 
collected in 1993 and 1994 from Upper 
Simmons and Lower Simmons Reservoir 
(See Appendix K). 

File No. 31864.00 

g:\31864.z23\31864-00.1jc\calcs\eco_tab\foodweb\Z2300cpc.xls\fish body burden 

http:31864.00
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FikNo 3186400 
2/W01 

TABLE 1-26 

ENTIRE CENTRAL LANDFILL DRAINAGE AREA
 
FEEDING AREA NORMALIZED EPCs FOR THE GREAT BLUE HERON
 

Central Landfill • OU2 Remedial Investigation
 
Johnston, Rhode bland
 

(ppm)
 

All Central Landfill Water Bodies 
Constituent Sediment 

EPC 
Surface Water 

EPC 
Benthic 

Invertebrate EPC 
Amphibian 

EPC 
Fish 
EPC 

Volatile Organic Compounds 

Acetone I.20E-01 3.32E-03 327E-KX) 9.03E-05 1 38E-03 
carbon disulfide I.08E-02 NCC 886E-04 772E-08 902E-07 
chloromethane 431E-03 NCC 163E-02 285E-05 160E-04 
t ,2-dichlorobenzene 5.45E-02 309E-04 960E-03 9.29E-03 506E-02 
1 ,4-dicrilorobenzene 5.7IE-02 470E-04 1 1 IE-02 1 38E-02 749E-02 
chlorobenzene I.08E-02 605E-03 206E-03 I72E-02 938E-02 
styrene I.87E-03 NCC 1 53E-04 269E-07 I86E-06 

SemivolatHe Organic Compounds 

acenaphthylene 
butylbenzylphthalate 
phenol 
4-chlorc-3-methyIphenol 
4-methy (phenol 
benzo(a)anthracene 
benzo<a)pyrene 
benzo(b)flouranthene 
carbozole 

I93E-Q2 
500E-01 
510E-03 
322E-02 
I22E-02 
2.47E-01 
235E-01 
3.18E-01 
5.80E-02 

NCC 
I20E-03 
210E-W 

NCC 
153E-04 

NCC 
NCC 
NCC 
NCC 

306E-03 
558E-02 
312E-03 
197E-02 
75IE^)3 
420E-01 
532E-01 
I07E-01 
1 HE-02 

541E-06 
266E-OI 
46M-05 
671E-06 
101E-04 
342E-02 
I02E-01 
2I3E-02 
1 18E-05 

7I6E-05 
I41E+00 
252E-W 
109E-04 
556E-04 
500E-01 
124E+00 
253E-OI 
1 84E-O4 

pyrenc 3.24E-OI NCC I02E-OI 181E-03 293E^)2 

I'estlddes K'.Bs 

Aldnn I99E-03 713E-06 442E-O4 1 IIE-02 5.85E-02 
deha-BHC 4IOE-03 2.73E-06 7.43E-04 264E-04 I46E-03 
Aroclor 1232 I77E-02 NCC 2.64E-O3 1 60E-06 208E-05 
Aroclor 1242 1.69E-02 NCC 249E-03 3.00E-O4 468E-03 
Aroclor 1254 2I5E-02 NCC 335E-03 1 53E-03 234E-02 
ODD 524E-03 NCC 922E-04 957E-04 734E-03 
DDE 547E-03 NCC 102E-03 245E-03 I24E-02 
DOT 5.39E-03 179E-05 804E-04 1 81E-OI 6%E-OI 
Total Chlordanes 421E-03 NCC 863E-04 741E-CM S68E-03 
Methoxychlor 
Total Endosulfans 

4.20E-03 
329E-03 

NCC 
520E-06 

606E-04 
584E-04 

164E-05 
540E-05 

147E-O4 
297E-O4 

Melab 

Aluminum 135E+04 370E-01 370E-01 370E-01 370E-01 
Arsenic 773E+00 1 83E-03 1 17E+01 805E-02 805E-02 
Barium I43E+02 7.90E-02 3.48E+OO 790E-02 7.90E-02 
Beryllium 
Cadmium 
Chromium 

I.06E+01 
3.30E+00 
1.S2E4OI 

4.89E-O4 
1 33E-O* 
2IOEX13 

566E-OI 
3S6E-KX) 
1 62E-04 

2.05E-02 
260E-OI 
336E-02 

Z05E-02 
261E-OI 
336E-02 

Copper 
Iron 

243E+OI 
230E+04 

5 16E-03 
I75E+00 

1 03E+00 
1 18E-K10 

IQ3E+00 
1 18E+00 

I03E+00 
175E+00 

Manganese 
Mercury 

5.03E+03 
202E-01 

2.92E+00 
198E-05 

292E-KX) 
3 91E-01 

2.92E+00 
196E-OI 

292E+00 
I30E-OI 

Nickel I.75E+01 673E-03 127E+01 316E-01 316E-01 
Selenium 205E+00 365E-03 642E+00 585E-02 585E-02 
Silver OOOE+00 918E-04 187E-01 187E-01 187E-01 
Thallium 577E+00 1 54E-03 823E-02 8.2CK-02 8.20E-02 
Vanadium 
Zinc 

467E-K)! 
238E+02 

379E-03 
2.07E-02 

3.79E-03 
1 8IEHC 

379EO3 
4.9IE+OO 

379E-03 
491E+OO 

Notes 

Results of this table are based on the assumption thai the heron feeds throughout the CLF Drainage Area 
EPCs presented are weighted according to the size of the different exposure points within the CLF Drainage 
Area The weighted EPC was calculated by multiplying the water body-specific EPC by the ratio of the 
surface area of that water body to the combined surface area of all water bodies Weighted EPCs for 
each water body were then summed to yield the final EPC 

: NCC = Not a Contaminant of Concern for this media 

\£i*l HPCi - Iteran QA AQJ D«tc 7/1 
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TABLE kU 

ENTIRE CENTRAL LANDFILL DRAINAGE AR|:A 
GREAT BLUE HERON 

ESTIMATED DAILY DOSES COMPARED TO TOHCOLOO1CAL REFERENCE DOSES 
Cenlnl landfill - OU2 Ronedu] lircttigatton 

jobntfon. Rhode Uta>d 

:£Hb**J: >:;:;:;:;:&<nFJ1 iaci^;;;;;;;:;;;;!;
: \ : \ ; ] : \ ; } : \ : \ $ a : l : :^;;;::i:;!;;;::;;:;;::;:;;^;^^:;:;;;!;;;:;;;i;i;:;;;!i i i l jS j j jS j j i : &^-:;^; ,33£=;i i= =

iiftB»4&dtyi :':'-l&A&J ':'•': :::**rtAEfcJ::: : : : :LOA6t: : : : :'••:• :'*&}&L.'-;°-:'' 

1 'oiatile Orsantc Compoundi 

Acetone * 6.0 IE-02 5 1 1 20E-02 60IE-02 
carbonduulfide 9J2E-05 NA NA NA NA 
chlorornelhane 3.47E-04 5 059 6 94E-05 593E-04 
1 ,2-dichlorobenzene 7.99E-03 15 NA 5 33E-04 NA 
1,4-dichlorobenzene *•" I I 60-02 15 NA 7 74E-04 NA 
chlorobenzenc *" ' ' 1.42E-02 12 6 1 I8E-03 2 36E-03 
styrene 1.62E-05 NA NA NA NA 

Semnvtalilf Orvamc Compounds 

acenapothvlenc 2-0 IE-04 1 0 1 201E-04 20 IE-03 
butYlbenzylphthalale ' 2 I2E-OI 1 1 O i  l 1 93E-01 1 93E-KH) 
phenol * 1 3 BE -04 NA 2 1 9 2 NA 6.32E-07 
4 -chloro-3 -meihy Iphenol * 5.97E-04 NA 2 1 9 2 NA 2 72E-06 
4 -methyl phenol * 3 IOE-04 NA 2 1 9 2 NA 1.41E-06 
ictueK • )anthracene 8.24E-02 I 0 1 9.24E-02 8 24E-OI 
hen7o(t)pyTene * 1.93E-01 1 0 1 1 93E-O1 1 93H+OO 
benzo<1)>nouraiilhene ' 4 I IE-02 1 0  1 4 HE-02 4 1 IE-01 
carbozole 6.34E-04 NA NA NA NA 
pyrene 8 40E-03 1 0 1 840E-03 840E-02 

PotvcMorinaied BiphtnvLi and Petucidet 

Aldnn * 86IE-03 NA 0077 NA 1 12E-OI 
dclta-BIIC 2 57E-04 2 2  5 0 5(. I 14E-04 4 59E-04 

Airtctorl232 5 1.75E-04 1 8 0 18 9 70E-05 9 70I-.-04 
Aroclor 1242 8.47E-04 NA 0 4 1 NA 207E-03 
Aroclor 1254 3 ME-03 1 8 0 18 2 02F.-O3 2 02I:,-02 
ODD M3E-03 0.028 000.1 4 03E-02 3 76E-01 
DDI; I.87E-O3 0.028 0001 669K-O2 6 25E-OI 
DOT I.03E-01 0.028 0003 366E+OO 3.42E+OI 
Total DDTR I.06E-01 0.028 0.003 J 77E-HH) 3.52E+O1 
Tolal Chlordanes 8.78E-04 107 1 \ 8 :oi-:-o5 4 18E-O4 
Metboxychlor ' 6.20E-05 NA 1 4 5 NA 4 27E-06 
Total Endusulfans 7.74E-05 NA 10 NA 774E-06 

ia/.ard Quotient for Organic Compounds	 4.30E+00 406E+OI 

\fcials 

Aluminum 9.49E-H)! NA 109 7 NA 865R-OI 
Arsenic 2.78E-01 7 4 2 5 3 7SR-O2 I 1 IH-OI 
Barium 1.08E+OO 41 7 208 2 59E-02 5 19E-02 

Beryllium * 8.80E-02 NA 0066 NA I 33E-K)0 
Cadmium I.27E-01 20 1 4  5 633E-03 873E-02 
Chromium IJ3E-OI 5 2 66E-02 1 33E-OI 1 
Copper 345E-OI 61 7 47 5 60E-03 7 35E-03 
lion l.62E-M)2 NA NA NA NA 
Manganese 3.59E-H)! NA 977 NA 3 68E-02 
Mercury fatsumed mtthyt) 2.84E-02 0064 0006 4 44E-OI 4. 74 R +00 
Nickel 3.99E-OI 107 77 4 3 73F-03 5 ISK-03 
Selenium I.39E-OI O.ft 0* ! 74E-OI 3 47E-OI 
Silver * 3.17E-02 NA 18 1 NA 1 75E-03 
rhtllium * 5.44E-02 0.0074 0.00074 7.36E-HK) 7 36E+OI 
Vanadium 3.29E-01 NA 11 4 NA 2 88E-02 
inc 5.67E+00 131 145 4 33E-02 3 91E-OI 

Hazard Quotient for Inorganic Compounds	 812E+00 8.17E+OI 

Total rUnrd QMtic* {Ortaaac + tMrguat)	 1.24 EHI1 ™ 

I Except where noted, toxioolopcaJ benchmori dotes were obtained from Oak Kidge National laboratory
 
(Sample el al. 1996)
 

1 The toxtcity of aJdhn was Mwmed to equal dieldnn as per ATSDR
 
3. TbetoXKityof Aroclor 1232 wai •uumed lo equal Aroclor 1254
 
4 This loxicological bencfanact doae wu obtained from EXTOXNET. and diMded b>'an uncertainty factor of 10
 
5 This loxioologkal benchnuric do«e ii Ine NOAEL reported from • chrome itudy of silver exposed mice,
 

preaeoled in Railc, 1999. 
6.	 B«cau*c then wen no raiUbfe bencbcMfts for birds, we uted the I M,M I and NOAEL reported for the rat
 

in Sample et al . 1996, divided bvaounoerUintlv factor of 10
 
7 Because there were no available bcncfaiMrkj for these PAlls t^e used
 

the NOAEL and LOAEL for beazo(-)pvienc reported in Sample ci al. 1996 
8 Because there were no available bendmMtfif for butylbeanlphthaUle we used the benchmark for Di-N-butylphthalale 
9 Because Inere were no aviiUMe bencfanMrki for 4-methylphenol (rxrewh and 4-chloro-3-methylphenol 

Ip-chloro-m-cresol) we used the benchmark for 2-mcfatylpncnol (o-cresol) 
10 Because there were no available LOAELi for 1^-dicUorotienze and M-dichlorobenzene in Sample et al, 1996. 

we used the the lowest LOAEL for 1,4-dichlorobenzene reported m ATSDk Tuxicological Profik
for 1.4-dKblorobenzcoe, 1999, divided by an uocertainty factor »f 10 

11	 Because there were DO available benctnarks for chloroberuene in Sample el al. 1999. 
we used the the lowest LOAEL and NOAEL for coloroberuLenc reported in ATSDK Toxicolopcal Profile 



File No 31164» 

TABLE KM 

UPPER SIMMONS RESERVOIR
 
GREAT BLUE HERON
 

ESTIMATED DAILY DOSES COMPARED TO TOWCOLOGICAL REFERENCE DOSES
 
Cerfral Lanttll -OUQ Renedial Investiaabon
 

iltSS^fij|! !| \\ iH4|! | |	 wm 
fJBafiittfn/i ::'bQAELe:' : ' fclOA£Ii - • : : IjG^kKL' : • : '• : '• NOAEl: : : 

t'afailf Orsaue Cam0o*nls 

Acetone * 885F-04 5 I 1 77E-O4 885E-04 
^bondudfide	 2.37E-04 NA NA 
1.2-dicbJorobenaene "•" 1 30E-02 15 9 97j;-04 
1,4-dichlorobeiBEne "•" 2.06E-02 15 1 37E-03 
chlorobenflene I.IOE-02 12 6 9 18E-04 1 84E-03 
rtyreoe 4.32E-O5 NA NA 
Semivolatttt Orecnic Camaotrds 

acenphlhylcac	 3.5SE-O4 1 0 1 3 SSE-04 355E-03 
but)1benzylpnthalate * 3.93E-OI 1 1 0 1! 3.57E-01 357E*OO 
iefcn(a )an(hracene	 8.34E-03 1 0 1 834B-03 8 34E-02 
bcoao(»)p>Terr * USE-02 I O.I 1.I5E-02 1.I5E-OI 
bew»<b)8oit-anlhene 7 I46E-O2 1 01 1 46E-02 1 46E-OI 
cwboaok 9.80E-04 NA NA 

°oivctiorwated Bipttemti (wtd Petticktes 

Aldnn ' I 15E-04 NA OO"1? NA I 49E-03 
delU-BHC 4.S6E-O4 225 056 203E-04 8 I5E-04 
Aroclor 1232 ' 379E-04 1 R 018 1 83E-04 1 83E-G3 
Aroclor 1242 1 I8E-03 NA 0 4  1 NA 2.88E--O3 
Aroclor 1 254 4^4E-03 I 8 0 IX 2 35E-03 2 35E-02 
DDO 648E-04 0028 0003 23IE-02 216E-01 
DDE 7.16E-O4 0028 0003 2 56E-fl2 2 39E-01 
DOT 794E-04 0028 I) 003 2 HE-02 2.65K-OI 
Total DOTH 2-I6E-03 0028 0 003 771li-02 7 19E-OI 
Total Chlordancs 4.66&04 107 2  1 4 36K-03 2 22E-04 
tfefhoxychlor 1 I3E-04 NA M 5 NA 779E-06 
I otal Endoiul&iB 375EJ)5 NA 10 NA 3 75E-06 

lamd Quoded for Organic Cornpomis	 4761,01 468E-OO 

\tttals 

Alinunan 8.87E+OI NA 1097 8081--01 
Arscnc 1.43E-01 74 25 1 93E-02 5 70E-O2 
B«num 562E-01 41 7 208 1 35E-02 2 TOE-02 
EieryUiun * I.04E-01 NA O.Odf, NA I.S7E-KW 
Cadmiim 5.06E-02 20 t 45 2 S3K-03 3 49E-02 
Chrotnm R90E-02 5 1 1 78E-02 8 90E-02 
Copper 2.BOE-OI 61 7 47 4 S4E-O3 5 97E-03 
Iron fVALUE! NA NA 
Mw^nrse 408E-KX) NA 977 4 17E-03 
Nickel 3.30E-OI 107 774 308R-03 4.26E-03 
Sclenun 7JZ3E-02 08 04 9 04E-02 1 8 IE-01 

ToaUnn * 6.04E-O4 00074 000074 8 I6E-02 B 16R-OI 
Vamdiiait 2.7SE-OI NA II 4 24IE-02 
fcic 373E+00 131 14.5 2 85i:-02 2.571- -01 

Hazard Quotient for Inorganic Comrjounds	 261E-01 388E+OO 

M«^V ———— ,0 .̂,̂ -.,	 7.37E-O1 8 55I:-HX) 

1. Except wtefe nMed, Uncolofic*] bencbwrt dows were obttriiwd from Oak RjdgcNalioml Laboratory (Swnpleelal, 199 
2 TtKkMciciryofaltirinwMuuwdtoequktdieldriawpfTATSDR. 
3. The tojocity of Aroclor 1232 wu M«ned to equal Aroclor 1254 
4. This (oncological benctamrk doM ww obtained from EXTOXNET, to] dinded by «n laKcmtdy be lor of 10 
5 Thu UKicological beiEfanwk Awe is fcc NOAEL reported fron • chronc rtuh of silver exposed mice, preened in Ratte. 
6.	 Becawe tfere were n> avaiUfak beodnrts br birds, we wed te LOAFL arid NOAEL reported for tte rat in Sample « al 

divided by MI uKertunly fcctor of 10. 
7 Becawenere were ao«vnUMebeDclnrt> br «CK PAlb we used 

OK hK>AELudU)A£LfcrbcHX«)Prrcae reported in SM^icetai. 1996 
for bwtyibenzylphtoiUte we used (he bere;hnarfc far Di-N-bU>iprthiUK 

4-«ielhylprcn>l(p-CTcwl)aid4^^ 
<r>-cMoro-ia-cresol) we u»4 IK bencaanark for 2>nehty1pbeaol <o-cre*ol) 

10.	 Because ten were no available LOAELi for U-d>cbJoroberee and 1.4-dkbJoroberoKnc in Sampk et il . 1996. 
we wed tfv tor lowert LOAEL fir 1,4-dicraorobenflnK reported in AT SDK Toxjcolopc*) Profile 
for 1.4-dicHorohenzBne, 1999. divided by an uwemiray factor of 10 

II Becatac Ibcre were no available beudmiflu br chiorobeimTg in Sampk et al. 1999. 
we wed the be lowert LOAEL aid NOAEL for cUorobenaeiK reported m ATSDR Toxicological Profile 
for chlorooenaene, 1999, divided by an ixBertainty hclor oflO 



TABLE MS
 

UPPER SMMONS RESERVOIR NORTH BASIN
 
GREAT BLUE HERON
 

ESTIMATED DAILY DOSES COMPARED TO TOHCOLOGKAI. REFERENCE DOSES
 
Ceml Lnttll - OU2 RewtUl I 

Mratoo. Rhode [tUnj 

: ; ; ; : ; ;>:; ;#»« is*:;:;:;:;:; ii^Si^iii! lIllllMllilllM - ; : | : ; i ; i :&i 
: '::-':• {iaifts ^i i i i i iHtoi ̂ ;i;:;i;:;i 

:(BiBflHhd«TV:: '• LOAEJk • :: • : NG/jyi : ' '•: :UDAEt-::: :: : HQAEi; : 

Volatile Organc Compoutls 

Acetone * S.6SE-OI 5 1 1 I3E-OI 565E-OI 
carbon dudfide 
1 ,2-dichlorofaenaent
1 ,4-dichloTobcnrene
cMorobetrenc

 *~K 

*'10 

 *" 

34IE-05 
I.91E-02 
3.32E-O2 
8.88E-02 

NA 
15 
15 
12 

NA 

6 

1 28E-03 
221EX)3 
740F-03 148E-02 

Semrvoltfilt Orsavc ComoounJi 

acemphthylerr
bilylbenTylphthalate
ben*xa)anflracene
bcnzo(a tpyrene 
beni»0>)floia-anthcne
carbozole 

' 
' 
' 

7 

6.53E-04 
3.IOE-OI 
3.49&02 
SJ9E-O2 
7J3E-O2 
1.79E-03 

1 
1 1 

1 
1 
1 

NA 

Q  l 
O i  l 

0 1 
0.1 
0 1 
NA 

653E-04 
282E-01 
349E-O2 
529E-02 
7.23E^)2 

6.S3E-03 
282E+OO 
349E-OI 
S 29E-OI 
7 23E-OI 

PolvcMorwaleit Biehem-b m/ Peittcxte* 

Aldnn
della-BHC 
Aroclor 1232
Aroclof 1242 
Aioclot 1254 
DOI> 
DDf
LX)T 
Total DOTK 
Total Chloriiane* 

; 

J 

208E-04 
S.S4E-O4 

4.93EXM 
3B8E-03 
1.97E-02 
2.56E-03 
359E-03 
1 95E-03 
8.10E-03 
197E-03 

NA 
225 
18 
NA 
18 

0028 
0028 
0028 

107 

0077 
056 
0.18 
041 
0 18 

0003 
0003 
0003 

2 1 

246E-04 
274E-O4 

NA 
I 09E-02 
9 14K-02 
1 28E-OI 
6 95E-02 

1 84E-04 

2 TOE-03 
990E-04 
2 74E-03 
9 47E-03 
1 09E-01 
8 53E-01 
120E*00 
649E-01 

937E-O4 
Methoxychlor 
Total Endosulfans 

1 88E-04 
6.94E-05 

NA 
NA 

14 5 
10 

NC 
NC 

1 30E-05 
694E-06 

ia/ard Quotient for Organic Compotatls 8 68I-: -01 783E-KX) 

Mttali 

Alurarun 
Arsenic 
ianun 6 

8.79E-HJ1 
1.8 IE-01 
6.64E-O1 

NA 
74 

41 7 

109.7 
2  5 
208 

NC 
2.4SE-02 
1 59E-02 

8.01E-O1 
725E-O2 
3.19E-O2 

Beryllium
Cadtraun 
Copper 
Ircm 
Manganese 
Nickel 

* 3J6E-02 
3.50E-02 
2.6SE-01 
1S5E+02 
4.92E+OO 
S.70E-01 

NA 
20 

61 7 
NA 
NA 
107 

0066 
145 
47 
NA 
977 
774 

NC 
1 75E-03 
429E-03 

NC 
NC 

5 33E-O3 

494E-OI 
2 4 IE-02 
S63E-03 

NC 
504E-03 
736I>03 

SeleniiMn 
Thalliun 
VanadiiM 
/jnc 

9.74E-O3 
4.98E-03 
512K-OI 
4 I6E+OO 

0.8 
0.0074 

NA 
131 

04 
000074 

II 4 
14 5 

1 22E-O2 
6.73E-OI 

NC 
3.18E-02 

244E-02 
6 73E+OO 
4 49E-02 
287T>01 

lazard Quotient for Inorganic Confounds 7.6SE-OI 8.52EHW 

T-»————— -———  . , —— u^ 

1 Except where noted, k»acotogical bcoctniric do«n wetc obtained from Oak Ridge National Laboratory '(Sanaic el a 
2 TneuncityofaldriawMaMmedtocqiaildieldnnuper ATSI)R 
3 The toncity of Aroclor 1232 wu auuned lo equal Aroclor 1254 
4 Tti> tracolopcal bendnuk dose wm> obtaind frotn EXTOXNH1, anl divided by an inoertainty Actor of 10 
5. This uncotogical benctnart dote i* te NOAEL repotied from a chronic rtudy ofritver exposed mice, 'presetted in) 
6 Becawe ttvre wen i» available bentewta for biidi. we wed the IJOAEL anl NOAEL repotted for fe rat 

in Sample el al.. 1996, divided by ao incefttintly bctoroflO 
7 BCCJIUBC there were B>«v»U*bkt«iKhBwks for ibcjePAIh we i»ed 

the NOAEL and LOAEL for beoBO<a)mrcae reported in Sample el al. 1996 
8 Becauae there were o> availabk bochrarb for butyl benzyI [**!• laic we ued the bem:bnttrk for Di-N-bitylphlhaUie 
9 Pi i iniii HILTC •in. uj milalili hniliaaiti in < n» Ilijl|<i ml (\\ n mil aiil 1 thlntn 1 n» rtiil|l» n 1 

(jy^Moro-iK-creaal) we und te beactnwt for 2-OBhtylphraol (o-nool) 
10 B«c«UM«Knw«Kia>avadabkIX>A£Ufcr I J-dicUorobciiac«ni 1,4-dicHorobenflBM inSao^ile rtal., 1996. 

w« met te UK kn»«M LOAEL for 1.4-dkUorobetiBetK reported in ATSOR Toxicologic*! Profile 
for l.4-dK«oro<>ewK«, 1999,<ttv»dedbyanwKertairt> fcc»oroflO 

11 Became there were no avnUbk benchMrb for cUotobemcnc in San^leet al . 1999. 
w« tawd the the loMvert LOAEL aal NOAEL for cWorobora™ reported in ATSDR Toxkologkal Profile 
for chtoroberaene, 1999, divided by an uncertainty factor of 10. 



TAMUEU6 

LOWER SMMONS RESERVOIR
 
GREAT BLUE IIERON
 

ESTIMATED DAILY DOSES COMPARED TO TOMCOLOGrCAL REFERENCE DOSES
 
CeAal LnlfO - OU2 Remdul Invcstipbon
 

Jototon. Rhode Island
 

_':':.'-:.-:'-:&>*iAity:'::::':: :.Ill 1111111111 1 iitSS^H ii:;i;::j:j::; 
s^Y''-:-:-: 

: - : • : '• : '• : '• '•:•'.'•'.•:'•:•:'•:'•: '• '• \ \ '• '• : iMrfbHfaVi : ::: tQAEIi: : -• '• : VO AEUi : - '• • '• DOAEE." : :: : • : NO/£L : ' 

I'otatilt Orrtmtc Comeotit*tf 

Acetone * 1.S1E-O3 5 1 303E-O4 1 51E-03 
cHorometene * S.36E-04 5 0585 1 07E-O4 9 .17E-04 

4-c hi or o- 3- metby1 phenol	 106E-03 NA 2192 NA 482E-O6 

Aldnn ' 1.3tE^2 NA 0077 NA 1 .80E-OI 
della-BHC S.04E-05 2.25 056 224E-05 9.00E-05 
DDO 1.IOE-03 0028 0.003 391E-O2 365E-OI 
DDE 2.I8E-03 0028 0003 779E-O2 7.27E-01 
DOT IJ1E-01 0028 0003 645E+OO 6 02E+O1 
Total DDTR I.S4E-01 0028 0.003 657E+OO 6I3E+OI 
Total Chlordanes 6.8 IE-04 107 2 1 636E-O5 324E-04 
Foul Endosulfcm 9.94E-05 NA 10 NA 994E-06 

Hazard Quotient br Orpuic Compounds	 657E*OO 6 1SE+OI 

AJiaamian 8.32E+O1 NA 109.7 759E-01 
Arsenic 3.48E-OI 74 25 4 70 1£-02 1 39E-01 
Barium 1 30E+OO 41 7 208 3 I2E-02 6 26E-02 

Bervtliun * 7.87E-02 NA 0066 1 19E*00 
Cadrniun 1.B4E-OI 20 1 45 9 20E-03 127E-01 
Crnxrnun I.37E-OI 5 1 2 7SE-02 1.37E-01 
Copper 3.37E-OI 61 7 47 5 46r,-03 7I7E-03 
Iron I.73E*02 NA NA 
Manganese 5.95E+01 NA 977 609E-02 
Nickel 3.S7E-01 107 774 334FX)3 4.6 IE-03 
Selcnum I.96E-01 08 0.4 245E-01 4.89E-OI 
Silver	 5.62E-02 NA 18 1 3.IOE-03 
Thallium * 9.S IE-02 00074 000074 1.28E+O1 1 28E402 
Vanadiian 2.87E-01 NA 114 2.52E-02 
Z,nc 6J9E+00 131 1 4  5 480K-O2 434E-01 

l-Unrd Quotiert br Inorganic Compounds	 1 33E+01 1 32!-;*02 

,.«E«, l.«E-H»2 ~—— -*—— «o»-*.——« 

I	 Exeepl wfaera noted, UXH •rkdosn were obuined from Oak Ridp National Labora tan. (Sample e( al . 
2. The towcily ofaldrin wai d to equal dicMnn a> per ATSUR 
3 The knbcity of Arockr 1232 wasuauned toeqiad Aroclor 1254 
4 TTiitoxkMk^calhcw^amrkdoaewuoUau^frc^ 
5. Ttii toxioologica] beoctmBft dote i» te NOAEL reported from a chronic study of silver eqxned mice, pretened in R/ 
6.	 Bec«uac Ihrre were m> avaiUbk bewtewti fcx birds, we ined tte LOAEL cod NOAEL reported for ine rat
 

in Suffe et al, 1 996. divided by an inertairtly fccior ofl 0
 
7.	 BOC«UK *ere were u> available batrtaMfcs for UKSC PA1U we used
 

the NOAEL anl LOAEL br benD(«)pyrefK reported m Smpk « •' . ' *^6
 
8. BecaicK there were n> iviiUbk lirii !•••>! for b«y1benzylf«»laie we uwd OE bercbBMrk br Di-N-bttylphthilak 
9 Becawc Ihrre were m avtdafck TirnrlaiMti fcr 4-BaeAylphenol (p-cresol) and 4-cUoro-3-OK(hylprKnol 

(p^Uao-n-cre*ol) we nwd *e beodnMt br 2-aKMytpheml (o-cre»l) 
10 BecauK there wen no avaiUMe LOAEU br 1 J-dtcMorobenae «ri 1 ,4-dicblorobe«iBene in Saonple et al ., 1996. 

we tawd Ik tfr towcsl LOAEL fcr 1 ,4HtkUorobenaefr reported tn ATSDR Toxicological Profile 
fcr 1,4-dieUoroberaeM, 1 999, divided by ani«K«rtairty bcior of 10 

II etal, 1999, 
we lated the «K lowest LOAEL anl NOAEL for cMorobemene reported n ATSDR Toncological Pro6le 
br chlDTobcnvne, 1 999, divided by an taKerttinty factor of 10 



TABLE I-J7 

SECfKCNTATION PONDS 2 AND 3
 
GREAT BLUE HERON
 

ESTIMAI^D DAILY DOSES COMPARED TO TOXICOLOGICAL REFERENCE DOSES 
Cednl Laadill- OU2 fecMeditl InvestipQon 

&, RInde hUal 

: : : i : : : : : : : : •  • : :; :: : :: ' : : : : : • : :  : : '• : : '• '• : 
:  ;•'.'• '. '• ' '• ': '• ': '• ': '• :: : : :: : C > ' * 0"^H '  • i • '• : : Wt£$M i i i i i i i i ^SS i t i l i i i i i iH i :|:|::1 \ ':'{: Q&ueiti : ::- •':• :•: 

*6itf&&v1:: : lOAlUi;::: - • : NOAfit* : ::::iUMEl;:-: '•::NOAli,:': 

I'oiatiU Orgtnic Camoomb 

Acetone * 776E-O4 5 1 155E-04 776E-04 

SemtvolMile Oreattc COMDOM/I 

pherui ' 2S5E-0) NA 2192 NA I I6E-05 
4-inethylphenal ' 570E-03 NA 219.2 NA 260E-05 
hcnaX.WmJr.ee™ ' IJ7E-HJO 1 0 1 I.27E+OO 1.27E+OI 
bennXtTpyrens * 3.06E-HX) 1 0 1 308E+OO 308E*O1 

benaXb)floiavthertt 
carbwnlc 

I.01E41 
I.48E-03 

1 
NA 

01 
NA 

1 01E-01 
NA 

10IE+00 
NA 

pyrene ' 2.5JEJE 1 0 1 2 S3E-02 2-S3E-01 

Polvctitarinated BiohenvU and Pesttcides 

Aldtin ' I.34&02 NA 0077 NA 1 73E-OI 
Total CWordane* 209E-03 107 2 1 I 96I-;-04 997E-04 

ilanrd Quatied fin Organic Confounds 4.48E-MK) 4 49E+O1 

Alum nun 972E*OI NA 109 7 NA R R6l>01 
Anent: 1.62E-OI 74 2 S 2 IRE-02 6 46E-02 
B«iim I.09E»00 41.7 208 2.62E-02 5 2S1--02 
Berylhwn * 256E-02 NA 006A NA 3 87F-01 
Chrormim 227E-OI 5 1 4 54I--02 2.27I>01 
Copper 372E-01 617 47 6 04E-03 7 92I:-03 
Iron l.71E-tO2 NA NA NA NA 
Manganese 5.05E*00 NA 977 NA 5 1 7K-03 
Merciry (asnmed vttthyt) 256E^)1 0.064 001)6 401EKIO 427E+O1 
Nickel 2S1E-OI 107 774 2 34I--03 3 24K-03 
Selenium 5 59E-O3 08 04 6 981- -03 1 .4OL-: J>2 
Vamd.un I77E-OI NA It 4 NA 1 5SE-02 
/jnc S.15E-HW 131 14 5 393E-02 3 55E-O1 

Hazard QuXierd for Inorganc Conptnaxli	 420E*OO 4«,«, 

Total Max«nl Quatfe* <OiK«aiF + laaqtaafc)	 86KE+00 R 97E*O1 

I. Except where noted, loxicolopol benctnut doses were obtained from Oak Ridge National Laboratory < Sample el a 
2 The knociiy of*kkio w*» umracd ID eoml dieldha u per ATSDR 
3. The toncity of Anckx 1232 WM twuwd to eotml Aroclor 1254 
4 Tti> toxicotogical benchMrkdoK wu obuined from EXTOXKET. and divided tn an inxrtticty bctm of 10. 
S. Ttii tmbcotopcal beoctaMffc dose iitheNOAEL reported from a chroric itui)-of silver exposed mice, prescrte4 in] 
6	 Bec«MfcnweRM«vMM4ebeidnwk>ixbird>.wewedttK]X)Ai:L««)NOAEI.rep^ 

in Sample et •!. 1996, divided by rauBertoiiOy fcctor of 10 
7 Becauw ttefe WCR no available befEbmrtsix tteie PAlls we used 

OK NOAEL ml LOAEL fcr boBU(i)pynn reported in Sanmik: et al, 1996 
8 BecauK Acre were BO miUMe benctaMts for but)1beaz)1pM»lale we uted (he berErnvrk fcr Di-N~bti\-lphlM>le 
9 Became Ifaere were n>«v>UM>k bcMclmaiaa fcr 4-nrfylplM»l (p-crc»ol) and 4-cMoro-3-roeaiylpbcnol 

(p-cHoto-m-c«»o1> we uaed OK beochDnk for 2-mehlytphrnDl (o-cmol) 
10 BeouKltrrewcrenDavulAMeLOAELibr I J-dicMoroberer «1 1,4-dicMoTobenDnK in Su l̂e et «1,1996. 

we ived HE ttc loweM LOAEL foe 1,4-diddorobcraen: reported in ATSDR Toxicological Pro6k 
fix 1.4-dkblorobemeae. 1999, divided by an utKCTUirtynKior of 10. 

11 BecaiM ttere were M «vaU«bk b«ubmaiki fcr ddorobeiBeiK in Swrŝ e el al , 1999. 
we UMd «K Ac lowctf LOAEL nd NOAEL for cUorobeoaetK reported in ATSDR To»co4opc»l Profile 
ix cUorobenrnK ,1999, divided by «n wxxxtart) fcctor of 10 

c iJi-JkroeTV SP 1*)	 QA ACJJ Dafc 10/27/00 
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TABLE 1-38 

SEDIMENTATION POND 4
 
GREAT BLUE HERON
 

ESTIMATED DAILY DOSES COMPARED TO TOX1COLOGICAL REFERENCE DOSES
 
Central Landfill - OU2 Remedial Investigation
 

Johnston, Rhode Island
 

:;;:;;Bst«i3tea::;:;: i;;;i;;;;;i;;;;;;Siiii<&Wi)t;:!i;;i;;;;;;;;;; ;:;:;;:i;;;j;;i:;;!I!<»(ieii&!;:;:;:;:;:;:;:;:;
. - . - . ; . ; . ; . - , • . . • . • . ̂ j . • - • . • . : . ; . ; . ; . : . ; . ; . ; . - . ; .l|y;!!3!|l!J;j;;;££l;l!;!J!lj!|!i^^	 M^^mm ;:;:;;;;;;;;::;:;;;:;:iE>P?»:;::;;;;;;;i;!;:;;;:;: !:;;::H!:i;:;i;:Q:iib:iî is:;!::;:;!;:;:;:;:

• : • : • : - : • ' : • : • : • : • :: :•:•:: ;• :• : • : - : - : • : • : • : • : • : • : • :: : • ' • : • : • : ' : • : • : • : • : - : • : • : • : • : • : • : • : • : • :•:•:•:•:•:•: :> :J :| T - :•:• ;;i;i:j;!!&i£e;;i::::i;: :;:;:i:;;;;:i;:;{mg7kg-d^):;:;:;;;;:;!;:;; i\mmi\^!^mwmm: • : • : • : • ]'•:'•':'• ':'•''. '•'• '''•'' : : ' : - : - : - : • : • : • : • : • ::::::: '• • : ' : • : - : • : ' :-:'::::'- ':: •:' :::::: ':'•':'•:'•':'•':'•;'•':'•':'•:'•'.''.'•:''.'•':'•'.'•'.'• |;|;i(Hî iig-rds|y3:;;; :;:;:;liOABIiis:::;:; i^iNOAasi:;: :;:;:;liOA:EL:;:;:: :;^;N0AEL;;:;; 

SemivolatUe Organic Compounds 

butylbenzylphthalate 8	 1.59E+00 I.I 0.11 1 .44E+00 1.44E+OI 

Hazard Quotient for Organic Compounds	 1 .44E+00 1.44E+01 

Metals 

Barium	 7.38E-01 41.7 20.8 1 77E-02 3.55E-02 

Hazard Quotient for Inorganic Compounds	 1.77E-02 3.55E-02 

Total Hazard Quotient (Organic + Inorganic)	 1.46E+00 1.45E-H)! 

Notes: 

1. Except where noted, toxicological benchmark doses were obtained from Oak Ridge National Laboratory (Sample et al , 1996). 
2. The toxicity of aldrin was assumed to equal dieldrin as per ATSDR. 
3. The toxicity of Aroclor 1232 was assumed to equal Aroclor 1254. 
4. This toxicological benchmark dose was obtained from EXTOXNET, and divided by an uncertainty factor of 10. 
5. This toxicological benchmark dose is the NOAEL reported from a chronic study of silver exposed mice, presented in Ratte, 1999 
6.	 Because there were no available benchmarks for birds, we used the LOAEL and NOAEL reported for the rat 

in Sample et al., 1996, divided by an uncertaintly factor of 10. 
7. Because there were no available benchmarks for these PAHs we used
 

the NOAEL and LOAEL for benzo(a)pyrene reported in Sample et al., 1996.
 
8. Because there were no available benchmarks for butylbenzylphthalate we used the benchmark for Di-N-butylphthalate. 

g\31864z23\31864-00 ljc\£alcs\eco_tab\Z230cfdc xlsVHeron TQ -SP4 
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